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ABSTRACT  
In this paper a supply chain inventory optimization model for shortages, inflation is considered under assumption that the 
Inventory cost including holding cost shortages and inflation. The demand and holding cost, both are taken as variable. 
Shortages are allowed in the inventory model and a fraction of shortages backlogged at the next replenishment cycle. 
Transportation cost is taken to be negligible and goods are transported on the basis of bulk release pattern. A four level supply 
chain consists of a production, distributor Transportation and retailer, who are the cost bearers. It is necessary to have a 
coordinated approach between the tiers so that the chain is timed accurately for least inventory and minimum cost 
consequently maximum profits. In this paper, we consider a coordinated four echelon supply chain with a single production 
supplying a single type of product to single distributor and then to a single retailer. In this paper, we propose an efficient 
approach that effectively utilizes the Multi-Objective Genetic Algorithm and Multi-Objective Particle Swarm Optimization 
Algorithm for optimal inventory control. This paper reports a method based on Multi-Objective Genetic Algorithm and Multi-
Objective Particle Swarm Optimization Algorithm to optimize inventory in supply chain management. We focus specifically on 
determining the most probable excess stock level and shortage level required for inventory optimization in the supply chain so 
that the total supply chain cost will be minimized. A numerical example is presented to illustrate the model and sensitivity is 
performed for a parameter keeping rest unchanged. 
Keyword: Multi-Objective Genetic Algorithm, Swarm Optimization, echelon supply chain. 

1.INTRODUCTION 
Inventories are materials and supplies that a business or institution carry either for sale or to provide inputs or supplies 
to the production process. All businesses and institutions require inventories. Often they are a substantial part of total 
assets. An inventory is a stock of goods, which is held for the purpose of future production or sales. The manufacturing 
items in inventory are called stock keeping items, held at a stock (storage) point. Stock keeping items usually are raw 
materials, party finished items, finished (or prepared) goods, spare parts etc. Inventory levels for finished goods are a 
direct function of demand. Example which is based on inventory as follows: A hospital has method to control blood 
supplies and other important items as the blood stored in blood banks can only be used for a limited number of days. If 
this blood is overstocked for a long period cannot be used due to technological change and other reasons. This have to 
be disposed off as scrap material causing colossal waste of national resources. If the wastage of blood is reported in the 
newspaper it may act as a de-motivator to the voluntary donors. So, Inventory must be considered at each of the 
planning levels with production planning concerned with overall inventory, master planning with end items and 
materials requirements planning with components parts and raw material. 

2.MULTI-OBJECTIVE GENETIC ALGORITHM 
Discussions so far were limited to GA that handled the optimization of a single parameter. The optimization criteria are 
represented by fitness functions and are used to lead towards an acceptable solution. A typical single objective 
optimization problem is the TSP. There the sole optimization criterion is the cost of the tour undertaken by the 
salesperson and this cost is to be minimized. However, In real life we often face problem which require simultaneous 
optimization of several criteria. For example, in VLSI circuit design the critical parameters are chip area power 
consumption delay fault tolerance etc. While designing a VLSI circuit the designer may like to minimize area power 
consumption and delay while at the same time would like to maximize fault tolerance. The problem gets more 
complicated when the optimizing criteria are conflicting. For instance an attempt to design low-power VLSI circuit 
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may affect its fault tolerance capacity adversely. Such problems are known as multi-objective optimization (MOO). 
Multi-objective optimization is the process of systematically and simultaneously optimizing a number of objective 
functions. Multiple objective problems usually have conflicting objectives which prevents simultaneous optimization of 
each objective. As GAs are population based optimization processes they are inherently suited to solve MOO problem. 
However traditional GAs are to be customized to accommodate such problem. This is achieved by using specialized 
fitness functions as well as incorporating methods promoting solution diversity. Rest of this section presents the 
features of multi-objective GAs. 
Multi-objective GA is designed by incorporating pareto-ranked niche count based fitness sharing into the traditional 
GA process.  
This is presented as Procedure Multi-Objective-GA 
Step 1:-  Generate the initial population randomly. 
Step 2:-  determine the pareto-optimal fronts Upo1, Upo2 ,............Upok. 
Step 3:-  If stopping criteria is satisfied then Return the pareto-optimal front Upo1 

  Stop 
Step 4:-  for each solution x—p, evaluate the fitness. 
Step 5:-  Generate the matting pool MP from population P applying appropriate  
  selection operator. 
Step 6:-  Apply crossover and mutation operations on the chromosomes of the  mating pool to produce the next 
generation p’ of population from MP. 
Step 7:-  Replace the old generation of population p by the new generation of  
  Population p’ 
Step 8:-  Go to step 2. 

 

3.PARTICLE SWARM OPTIMIZATION 
Particle swarm optimisation is initialized by a population of random solution and each potential solution is assigned a 
randomized velocity. The potential solutions called particles are then flown through the problem space. Each particle 
keeps track of its coordinates in the problem space which are associated with the best solution or fitness achieved so far 
the fitness value is also stored this value is called pbest. Another best value that is tracked by the global version of the 
PSO is the overall best value and its location obtained so far by any particle in the population. This value is termed 
gbest. 
Thus at each time step the particle change its velocity and moves towards its pbest and gbest this is the global version 
of PSO when in addition to pbest each particle keeps track of the best solution called nbest or lbest attained within a 
local topological neighbourhood of the particles the process is known as the local version of PSO 
Multi-Objective Particle Swarm Optimization Algorithm 
1: P: =0  
2:  
3: for a:= 1: U  
4: for b:= 1: X 
5: for r:= 1: R 
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4.RELATED WORK 

Li and Zhang stated that PSO is a simple and usable method to calculate the optimization problems. Particle Swarm 
Optimization was introduced by Eberhart and Kennedy in as an optimal algorithm which is based on the concept of 
social demeanour of bird flocking. The swarm consists of particles and the each particle is an individual. Every position 
in the problem solution space or the search space is an affiliated solution to the problem describing the way particles 
cooperate to identify the best position (best solution) in the search space (solution space). Tamás Varga et. al. (2013) 
Discuss 19 - Improvement of PSO Algorithm by Memory-Based Gradient Search—Application in Inventory 
Management. Sasan Khalifehzadeh et. al. (2015) Presented A four-echelon supply chain network design with shortage: 
Mathematical modelling and solution methods. A.K. Bhunia and Ali Akbar Shaikh (2015) Proposed An application of 
PSO in a two-warehouse inventory model for deteriorating item under permissible delay in payment with different 
inventory policies. Yoshiaki Shimizu and Takatobu Miura (2012) Presented Effect of Topology on Parallel Computing 
for Optimizing Large Scale Logistics through Binary PSO. G. Kannan et. al. (2010) Discuss A genetic algorithm 
approach for solving a closed loop supply chain model: A case of battery recycling. N. Jawahar and A.N. Balaji (2009) 
Proposed A genetic algorithm for the two-stage supply chain distribution problem associated with a fixed charge. 
Haixin Zhang et. al. (2013) Presented A modified multi-criterion optimization genetic algorithm for order distribution 
in collaborative supply chain. S.P. Nachiappan and N. Jawahar (2007) gives A genetic algorithm for optimal operating 
parameters of VMI system in a two-echelon supply chain. Z.H. Che and C.J. Chiang (2010) proposed A modified 
Pareto genetic algorithm for multi-objective build-to-order supply chain planning with product assembly. Keyvan 
Sarrafha et. al. Discuss (2015) A bi-objective integrated procurement, production, and distribution problem of a multi-
echelon supply chain network design: A new tuned MOEA. Ata Allah Taleizadeh et. al. (2011) gives Multiple-buyer 
multiple-vendor multi-product multi-constraint supply chain problem with stochastic demand and variable lead-time: A 
harmony search algorithm. Wei-Chang Yeh, Mei-Chi Chuang (2011) Proposed Using multi-objective genetic algorithm 
for partner selection in green supply chain problems. Gengui Zhou et. al. (2002) Discuss The balanced allocation of 
customers to multiple distribution centers in the supply chain network: a genetic algorithm approach. Alebachew D. 
Yimer and Kudret Demirli (2010) Presented A genetic approach to two-phase optimization of dynamic supply chain 
scheduling. Kung-Jeng Wang, et. al. (2011) Proposed Location and allocation decisions in a two-echelon supply chain 
with stochastic demand – A genetic-algorithm based solution. T. O’Donnell, P. Humphreys, et. al. (2009) presented 
Reducing the negative effects of sales promotions in supply chains using genetic algorithms. Sherman et. al. (2010) 
gives A production modelling with genetic algorithms for a stationary pre-cast supply chain. N. Ramkumar, et. al. 
(2011) proposed Erratum to “A genetic algorithm approach for solving a closed loop supply chain model: A case of 
battery recycling”. Zhisheng, Ye et. al. (2010) Proposed Some improvements on adaptive genetic algorithms for 
reliability-related applications. Yongjian Li, et. al. (2007) Discuss Heuristic genetic algorithm for capacitated 
production planning problems with batch processing and remanufacturing. Partha Guchhait et. al. (2010) presented 
Multi-item inventory model of breakable items with stock-dependent demand under stock and time dependent 
breakability rate. Chiranjit Changdar et. al. (2015) gives An improved genetic algorithm based approach to solve 
constrained knapsack problem in fuzzy environment. Jinxing Xie and Jiefang Dong (2002) proposed Heuristic genetic 
algorithms for general capacitated lot-sizing problems. Karthik Sourirajan et. al. (2009) Presented A genetic 
algorithm for a single product network design model with lead time and safety stock considerations. Hoi-Ming Chi et. 
al. (2007) discus Modeling and optimizing a vendor managed replenishment system using machine learning 
and genetic algorithms. Yunpeng Jiang et. al. (2015) gives Joint optimization of preventive maintenance 
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and inventory policies for multi-unit systems subject to deteriorating spare part inventory. Jayanta Kumar Dey et. al. 
(2008) proposed Two storage inventory problem with dynamic demand and interval valued lead-time over finite time 
horizon under inflation and time-value of money. S.P. Nachiappan and N. Jawahar (2007) Discuss A genetic 
algorithm for optimal operating parameters of VMI system in a two-echelon supply chain. Chi Kin Chan et. al. (2003) 
presented Solving the multi-buyer joint replenishment problem with a modified genetic algorithm. N. Jawahar and N. 
Balaji (2012) proposed A genetic algorithm based heuristic to the multi-period fixed charge distribution problem. Seyed 
Hamid Reza Pasandideh et. al. (2010) gives a parameter-tuned genetic algorithm for multi-product economic 
production quantity model with space constraint, discrete delivery orders and shortages. Erkki Tomppo and Merja 
Halme (2004) presented Using coarse scale forest variables as ancillary information and weighting of variables in k-NN 
estimation: a genetic algorithm approach. 

The notations used in the proposed model are shown as follows. 

 
v.Vendor’s selling price (€/unit) 

 
TC Total Cost 
 
Assumptions 
The following features and assumptions are considered for the model. 

1) Deterministic demand. 
2) Instantaneous replenishment rate. 
3) Distributor’s inventory is an integer multiple of retailer’s inventory. 
4) Production’s inventory is an integer multiple of distributor’s inventory. 
5) Shortages are allowed. 
6) Transportation are allowed 
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The annual total relevant cost of the retailer is given by the sum of annual ordering cost and holding cost at Vendor and 
it can be expressed as, 

 
The annual total relevant cost of the distributor is given by the sum of annual ordering cost and holding cost at 
distributor and it can be expressed as, 

 
The annual total relevant cost of the Production is given by the sum of annual ordering cost and holding cost at 
Production and it can be expressed as, 

 
The annual total relevant cost of the supply chain is given by the sum of individual annual total relevant costs at 
retailer, distributor and Production and it can be expressed as, 

   (5) 
The annual total relevant cost of the transportation cost distance from Production’s to Vendor and it can be expressed 
as, 

 
The annual total relevant cost of the linear backorder cost and it can be expressed as, 

 

 
If linear backorder cost per unit is  then 
Linear backorder cost = (Number of backorders during the year) × (Linear backorder cost per unit) 

 
The annual total relevant cost of the distributor is given by the sum of annual ordering cost and holding at distributor 
and it can be expressed as, 

 

 

5.NUMERICAL ILLUSTRATION 
The binary PSO algorithm presented for the incapacitated lot sizing problem is coded in C and run on an Intel P41.3 
GHz, 128 equipment. The presentation of the binary PSO is measured with a traditional GA and the optimal Wagner 
and with in algorithm. For this purpose, a traditional GA is coded in C and test problems are generated arbitrarily for 
testing. The GA is a traditional one with a uniform crossover, simple inversion mutation and a tournament selection of 
size 2. We used the following parameters for the binary PSO and the traditional GA. For the binary PSO, the size of the 
population in the swarm is taken as the twice the number of periods. Social and cognitive parameters are taken as 
11.5=cc consistent with the literature. For the GA, the population size is the same as the binary PSO. The crossover 
and the mutation rates are 0.35 and 0.5 respectively. Both GA and PSO algorithms are run for 500 
generations/iterations.  
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First test suit consisting of 5 problem instances with net requirements for 25  periods is generated from a uniform 
distribution, UNIF (25, 125), and the second test suit consisting of 5 problem instances with net requirements for 25 
periods is generated from a uniform distribution, UNIF (50, 125). The total 10 problem instances are run for both GA 
and the binary PSO with holding cost of  = € 0.25, ordering cost of A=€ 50, shortages cost of SC = € 0.50 and 
Transportation Cost of TC = € 0.75   in order to compare the results with those optimal by the Wagner-Whit in 
algorithm. For each problem instance, 10 replications are conducted. Minimum, maximum, average, and standard 
deviation are given together with the CPU times. As can be seen from Table 1 and 2 the binary PSO produced 
comparable results with GA, and it even produced better results. The GA was able to find the  7 optimal solutions out 
of 10 while the binary PSO was able find the  09 optimal solutions out of 10 even though the average standard 
deviation of the GA over 10 replications was slightly better than the binary PSO, i.e., =GA (3.24,) =PSO( σ3.47). In 
terms of the computational time, the GA took approximately 5 seconds for each instance while PSO took 8 seconds, 
which is computationally expensive than GA. But PSO’s good performance on finding optimal solutions more than GA 
compensates its computational inefficiency. 
A Binary Particle Swarm optimization algorithm for lot Sizing Problem 

Table 1:- PSO Results 

P WW PSO 
OPT BEST MAX AVG STD 

1 2105.50 2105.50 2111.75 2108.00 3.25 
2 2177.00 2177.00 2185.75 2178.75 2.69 
3 2051.00 2051.00 2051.00 2051.00 1.00 
4 2039.00 2039.00 2039.00 2039.00 2.00 
5 2011.25 2011.25 2022.50 2022.70 1.58 
6 2124.50 2124.50 2134.60 2124.70 2.11 
7 2034.50 2034.50 2134.70 2068.30 3.85 
8 2150.50 2150.50 2150.00 2140.00 0.48 
9 2216.50 2216.50 2206.50 2216.50 0.35 
10 2012.00 2012.00 2013.00 2014.00 3.50 

 
Table 2:- GA Results 

P WW GA 
OPT BEST MAX AVG STD 

1 2205.50 2205.50 2211.75 2208.00 4.25 
2 2277.00 2277.00 2285.75 2378.75 5.69 
3 2151.00 2151.00 2151.00 2251.00 2.50 
4 2139.00 2139.00 2139.00 2139.00 4.05 
5 2111.25 2111.25 2122.50 2222.70 2.78 
6 2224.50 2224.50 2234.60 2524.70 4.11 
7 2134.50 2134.50 2234.70 2168.30 4.85 
8 2250.50 2250.50 2250.00 2440.00 1.48 
9 2316.50 2316.50 2306.50 2316.50 2.35 
10 2112.00 2112.00 2113.00 2114.00 6.50 

6.CONCLUSIONS 
This paper gives a comparative study along a line of research investigating optimal inventory decisions in a four level 
supply chain with single Production, single distributor supplying a single type of product to a single vendor. The 
comparison is based on the algorithm adopted to solve the four echelon problem illustrated by a numerical example. 
The model compares the optimized total relevant cost at the Production, distributor and vendor. It is observed that the 
vendor’s replenishment quantity is more in case of particle swarm optimization method along with similar number of 
shipments as shown by values of positive integers. In addition, it is noted that genetic algorithm gives a lesser output 
for the total relevant cost of total chain as compared to particle swarm optimization. Hence, it may be concluded from 
the comparative study that genetic algorithm generates better optimal values for decision variables and objective 
functions. The scope of the project is cited in industrial applications as optimization of inventory storage in industries. 

REFERENCES 
[1] A.K. Bhunia, Ali Akbar Shaikh (2015) An application of PSO in a two-warehouse inventory model for 

deteriorating item under permissible delay in payment with different inventory policies Applied Mathematics and 
Computation, Volume 256,  Pages 831-850. 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 4, Issue 8, August 2015              ISSN 2319 - 4847 
 

Volume 4, Issue 8, August 2015                                                                                            Page 43 

[2] Alebachew D. Yimer, Kudret Demirli (2010) A genetic approach to two-phase optimization of dynamic supply 
chain scheduling Computers & Industrial Engineering, Volume 58, Issue 3, Pages 411-422. 

[3] Ata Allah Taleizadeh, Seyed Taghi Akhavan Niaki, Farnaz Barzinpour (2011) Multiple-buyer multiple-vendor 
multi-product multi-constraint supply chain problem with stochastic demand and variable lead-time: A harmony 
search algorithm Applied Mathematics and Computation, Volume 217, Issue 22, Pages 9234-9253. 

[4] C. C. Cui, B. Li, and R. C. Zhang (2006) “Particle swarm optimization,” J. Huaqiao University, vol. 27, pp. 343–
346,. 

[5] Chi Kin Chan, Bernard K.-S. Cheung, André Langevin (2003) Solving the multi-buyer joint replenishment 
problem with a modified genetic algorithm Transportation Research Part B: Methodological, Volume 37, Issue 
3, Pages 291-299. 

[6] Chiranjit Changdar, G.S. Mahapatra, Rajat Kumar Pal (2015) An improved genetic algorithm based approach to 
solve constrained knapsack problem in fuzzy environment Expert Systems with Applications, Volume 42, Issue 
4, Pages 2276-2286. 

[7] Erkki Tomppo, Merja Halme (2004) Using coarse scale forest variables as ancillary information and weighting of 
variables in k-NN estimation: a genetic algorithmapproach Remote Sensing of Environment, Volume 92, Issue 
1, Pages 1-20. 

[8] F. H. Yu, H. B. Liu, and J. B. Dai (2006) “Grey particle swarm algorithm for multi-objective optimization 
problems,” Journal Computational Application, vol. 26, pp. 2950–2952. 

[9] G. Kannan, P. Sasikumar, K. Devika (2010) A genetic algorithm approach for solving a closed loop supply chain 
model: A case of battery recycling Applied Mathematical Modelling, Volume 34, Issue 3, Pages 655-670. 

[10] Gengui Zhou, Hokey Min, Mitsuo Gen (2002) The balanced allocation of customers to multiple distribution centers 
in the supply chain network: a genetic algorithm approach Computers & Industrial Engineering, Volume 43, 
Issues 1–2, Pages 251-261. 

[11] Haixin Zhang, Yong Deng, Felix T.S. Chan, Xiaoge Zhang (2013) A modified multi-criterion optimization genetic 
algorithm for order distribution in collaborative supply chain Applied Mathematical Modelling, Volume 37, Issues 
14–15, Pages 7855-7864. 

[12] Hoi-Ming Chi, Okan K. Ersoy, Herbert Moskowitz, Jim Ward (2007) Modeling and optimizing a vendor managed 
replenishment system using machine learning and genetic algorithms European Journal of Operational 
Research, Volume 180, Issue 1, Pages 174-193. 

[13] Jayanta Kumar Dey, Shyamal Kumar Mondal, Manoranjan Maiti (2008)Two storage inventory problem with 
dynamic demand and interval valued lead-time over finite time horizon under inflation and time-value of money 
European Journal of Operational Research, Volume 185, Issue 1,  Pages 170-194. 

[14] Jinxing Xie, Jiefang Dong (2002) Heuristic genetic algorithms for general capacitated lot-sizing problems 
Computers & Mathematics with Applications, Volume 44, Issues 1–2, Pages 263-276. 

[15] Karthik Sourirajan, Leyla Ozsen, Reha Uzsoy (2009) A genetic algorithm for a single product network design 
model with lead time and safety stock considerations European Journal of Operational Research, Volume 197, 
Issue 2, Pages 599-608. 

[16] Keyvan Sarrafha, Seyed Habib A. Rahmati, Seyed Taghi Akhavan Niaki, Arash Zaretalab (2015) A bi-objective 
integrated procurement, production, and distribution problem of a multi-echelon supply chain network design: A 
new tuned MOEA Computers & Operations Research, Volume 54, Pages 35-51. 

[17] Kung-Jeng Wang, Bunjira Makond, S.-Y. Liu (2011) Location and allocation decisions in a two-echelon supply 
chain with stochastic demand – A genetic-algorithm based solution Expert Systems with Applications, Volume 38, 
Issue 5, Pages 6125-6131. 

[18] N. Jawahar, A.N. Balaji (2009) A genetic algorithm for the two-stage supply chain distribution problem associated 
with a fixed charge European Journal of Operational Research, Volume 194, Issue 2, Pages 496-537. 

[19] N. Jawahar, N. Balaji (2012) A genetic algorithm based heuristic to the multi-period fixed charge distribution 
problem Applied Soft Computing, Volume 12, Issue 2,  Pages 682-699. 

[20] N. Ramkumar, P. Subramanian, T.T. Narendran, K. Ganesh (2011) Erratum to “A genetic algorithm approach for 
solving a closed loop supply chain model: A case of battery recycling” Applied Mathematical Modelling, Volume 
35, Issue 12,  Pages 5921-5932. 

[21] Partha Guchhait, Manas Kumar Maiti, Manoranjan Maiti (2010) Multi-item inventory model of breakable items 
with stock-dependent demand under stock and time dependent breakability rate Computers & Industrial 
Engineering, Volume 59, Issue 4, Pages 911-920. 

[22] R. C. Eberhart and J. Kennedy (1995) “Particle swarm optimization,” Proceedings of IEEE International 
Conference on Neural Networks, vol. 4, pp. 1942–1948. 

[23] S.P. Nachiappan, N. Jawahar (2007) A genetic algorithm for optimal operating parameters of VMI system in a 
two-echelon supply chain European Journal of Operational Research, Volume 182, Issue 3, Pages 1433-1452. 

[24] S.P. Nachiappan, N. Jawahar (2007) A genetic algorithm for optimal operating parameters of VMI system in a 
two-echelon supply chain European Journal of Operational Research, Volume 182, Issue 3,  Pages 1433-1452. 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 4, Issue 8, August 2015              ISSN 2319 - 4847 
 

Volume 4, Issue 8, August 2015                                                                                            Page 44 

[25] Sasan Khalifehzadeh, Mehdi Seifbarghy, Bahman Naderi (2015) A four-echelon supply chain network design with 
shortage: Mathematical modeling and solution methods Journal of Manufacturing Systems, Volume 35,  Pages 
164-175. 

[26] Seyed Hamid Reza Pasandideh, Seyed Taghi Akhavan Niaki, Jalil Aryan Yeganeh (2010) A parameter-
tuned genetic algorithm for multi-product economic production quantity model with space constraint, discrete 
delivery orders and shortages Advances in Engineering Software, Volume 41, Issue 2,  Pages 306-314. 

[27] Sherman H.A. Li, H. Ping Tserng, Samuel Y.L. Yin, Ching-Wen Hsu (2010) A production modeling with genetic 
algorithms for a stationary pre-cast supply chain Expert Systems with Applications, Volume 37, Issue 12, Pages 
8406-8416. 

[28] T. O’Donnell, P. Humphreys, R. McIvor, L. Maguire (2009) Reducing the negative effects of sales promotions in 
supply chains using genetic algorithms Expert Systems with Applications, Volume 36, Issue 4, Pages 7827-7837. 

[29] Tamás Varga, András Király, János Abonyi (2013) 19 - Improvement of PSO Algorithm by Memory-Based 
Gradient Search—Application in Inventory Management Swarm Intelligence and Bio-Inspired Computation, 
Pages 403-422. 

[30] W.K. Wong, P.Y. Mok, S.Y.S. Leung (2013) 8 - Optimizing apparel production systems using genetic algorithms 
Optimizing Decision Making in the Apparel Supply Chain Using Artificial Intelligence (AI), Pages 153-169. 

[31] Wei-Chang Yeh, Mei-Chi Chuang (2011) Using multi-objective genetic algorithm for partner selection in green 
supply chain problems Expert Systems with Applications, Volume 38, Issue 4, Pages 4244-4253. 

[32] Yongjian Li, Jian Chen, Xiaoqiang Cai (2007) Heuristic genetic algorithm for capacitated production planning 
problems with batch processing and remanufacturing International Journal of Production Economics, Volume 105, 
Issue 2,  Pages 301-317. 

[33] Yoshiaki Shimizu, Takatobu Miura (2012) Effect of Topology on Parallel Computing for Optimizing Large Scale 
Logistics through Binary PSO Computer Aided Chemical Engineering, Volume 30, Pages 1247-1251. 

[34] Yunpeng Jiang, Maoyin Chen, Donghua Zhou (2015) Joint optimization of preventive maintenance 
and inventory policies for multi-unit systems subject to deteriorating spare partinventory Journal of Manufacturing 
Systems, Volume 35,  Pages 191-205. 

[35] Z.H. Che, C.J. Chiang (2010) A modified Pareto genetic algorithm for multi-objective build-to-order supply chain 
planning with product assembly Advances in Engineering Software, Volume 41, Issues 7–8, Pages 1011-1022. 

[36] Zhisheng Ye, Zhizhong Li, Min Xie (2010) Some improvements on adaptive genetic algorithms for reliability-
related applications Reliability Engineering & System Safety, Volume 95, Issue 2, February 2010, Pages 120-126. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


