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Abstract - An Industry’s Inventory metrics will decide the 
Performance of supply chain. Inventory costs mainly include 
different costs like setup cost, Transportation, warehousing 
costs etc. Inventory optimization is not only an important task 
but also difficult task. so, to obtain Optimum inventory in a 
system there are lots of traditional, heuristic, and meta 
heuristic techniques were proposed in the literature. But most 
of the techniques failed in finding the optimum solution for 
Multi-level Problem. So, in this paper we are proposing a 
Harmonic Search optimization algorithm for multi-level 
supplier selection problem and then Comparing this algorithm 
with heuristic Wagner Whitin Algorithm and traditional Lot 
for Lot Technique. According to the results our Harmonic 
Search Algorithm outperformed the other methods in case of 
solution efficiency  
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1.INTRODUCTION  
 
Inventory Optimization plays a major role in the Success of 
any industry. Because of the rapid change in the customer 
requirements, competitive pressure for cost reduction 
Inventory Optimization came into limelight. There are 
different issues in inventory management like supplier 
selection, capacity constraints, storage constraints, 
transportation constraint etc. So many researchers are 
working on different heuristic and meta heuristic techniques 
for solving these inventory issues. Most of these algorithms 
are giving better solutions for simple single level problems. 
But for multi-level inventory problems most of the 
techniques are not working properly because of the 
complexity of the problem. Many heuristics, meta heuristic 
and traditional techniques failed to obtain optimum solution 
for Multi-level Problem [1-15].  

Inventory cost involves two components like fixed cost and 
variable cost. Fixed cost mainly depends on the component 
cost and number of components or items purchased. 
Variable cost depends on the way how we are ordering the 
items. It is the sum of ordering cost and holding cost. If we 
change our ordering quantities, our variable cost will change. 
So, if we optimize variable cost Inventory cost will also be 
optimized. So, in our problem we need to find optimum 
variable cost for different suppliers and the least inventory 
cost will decide the best supplier. 

The work Proposed in this paper focuses on the application 
of Harmonic Search algorithm for multi-level problem with 
supplier selection. And the results of this harmonic search 
algorithm are compared with the results obtained from the 
Wagner Whitin algorithm and Lot for Lot technique. By 
comparing the results, we can say that our proposed 
harmonic Search algorithm outperformed all the other 
methods in case of optimization of inventory cost. 

In this current journal paper, authors have considered 
general product structure of a multi-level problem with 3 
different suppliers. Section (2) describes the problem 
statement and mathematical modelling for that problem. 
Section (3) is about algorithm and its implementation. 
Section (4) is about computational results. Finally, section 
(5) is conclusion. 

2. PROBLEM DEFINITION AND MATHEMATICAL 
FORMULATION 
 

Multi-level Lot sizing problem types of product structures 
are mainly divided into 3. They are assembly product 
structure, Absorbent Product Structure and General Product 
Structure. According to the number of Levels of the product 
structure problems are divided into small (up to 4 levels), 
medium (4 to 8 levels) and large level (more than 8 levels) 
problems. 

In our Present work we considered Assembly type of 
product structure with small number of levels for Multi level 
supplier selection Problem . Here  3 suppliers were 
Considered for the proposed problem and according to the 
simulation results we are going to find out the best supplier 
among the available suppliers [16-23].For supplier selection 
different techniques like Lot for Lot(LFL),Wagner Whitin 
algorithm(WW),Harmonic Search(HS) algorithm were 
applied to solve this proposed problem. 

The mathematical formulation for Proposed multi-level 
problem is as follows: 
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Where 
 
K1     = Index Of Item 
C k1, m  = No. of k1 items required for producing item   m1 
HCk1  = Inventory holding cost to produce 1 unit of k1 
Kk1  = Setup cost for producing 1 unit of item k 
lk1 = Lead time  
lk1, t = k1 inventory level at the end of the period t 
ak1, t  = 0/1(binary values) 
Dk1, t  = Item k1 Demand in period t 
Pk1, t  = Producing Item I in t period 
N1  = Total items 
T  = Planning Horizon Length 
 
Binary ak1, t values decide whether the item is ordered in that 
period or not. If the value is “1” it represents the item is 
ordered in that period. If the value is “0” item is not ordered 
in that period. 
Γ-1 (k1), Γ(k1) are used to present immediate predecessor/ 
successor 
 

3. Harmonic Search Algorithm 
 
This is a Meta heuristic optimization technique which was 
inspired from jazz musician’s improvement of harmony. 
Zong Woo Geem et al. proposed this algorithm in 
2001.Following is the Pseudo code explanation for 
implementation of Harmonic search algorithm. This 
Heuristic technique was applied to many complex 
optimization problems to find optimum solution.  
 
Pseudo code 

 
Step 1: Input parameters and algorithm related parameter 
declaration tic (tic for computational time calculations in 
MATLAB) 
 
Step 2: Initialization of solution 
 
Step 3: improvement of solution 

 

 
 

4. Experimental investigation and 
Computational Results 
 
In this Section, we presented 6 computational experiments 
with 6,9 items problems with 10,12,15 period planning 
horizon & 3 suppliers were taken into consideration for 
supplier selection. Here for all the experiments Lot for Lot 
technique, Wagner-Whitin Algorithm and Harmonic search 
algorithm are applied to find out optimum cost in each 
supplier case. These experiments were conducted in a PC 
with a 3.3GHZ CPU and 32GB RAM and 64bit operating 
system. All the Experiments were conducted in MATLAB 
R2018a.We run each program for 50 times to find out the 
results. 
 
All the problems are considered from Yi Han, et al. [2009], 
and we added different suppliers for the same problem [20] 
& implemented LFL, WW, HS algorithms on those problems. 
All the Product Structures and Input values like Demand, 
Product structure, ordering cost and holding cost are taken 
from reference Literature. Following is the Ordering cost 
information for different suppliers. Table1 gives the 
information about different suppliers setup/ordering cost 
values. Table 2-5 gives the information about the 
computational experiments, figures 1-3shows the 
comparison of performance of different methods. Figure 4 
compares optimum cost in case of different suppliers 
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Table -1: Setup costs of different items in the product 
structure in case of different suppliers. 

 
Item Number Setup Cost 

Supplier 1 Supplier 2 Supplier 
3 

1 130 120 110 
2 120 110 100 
3 25 50 50 
4 30 40 20 
5 30 40 30 
6 40 30 50 
7 130 100 110 
8 120 120 100 
9 25 20 40 

 
Table -2:  Simulation results of different problems in case 

of Supplier-1 
 

Supplier -1 
Problem 
Size 

Lot for Lot WW 
algorithm 

HS 
algorithm 

6×10 3750 1707 1493 
6×12 4500 2123 1895 
6×15 5625 2909 2546 
9×10 6500 2807 2043 
9×12 7,800 3498 2522 
9×15 9,750 4834 3448 

 

 
 

Chart -1:  Different Methods Simulation results 
comparison in case of Supplier-1 

 
Table -3:  Simulation results of different problems in case 

of Supplier-2 

 
Supplier -2 

Problem 
Size 

Lot for Lot WW 
algorithm 

HS algorithm 

6×10 3900 1767 1523 

6×12 4680 2198 1940 
6×15 5,850 3014 2606 
9×10 6,300 2727 2003 
9×12 7,560 3398 2482 
9×15 9,450 4694 3405 

 

 
Chart -2:  Different Methods Simulation results 

comparison in case of Supplier-1 

 

Table -4:  Simulation results of different problems in case 
of Supplier-3 

 
Supplier -3 

Problem 
Size 

Lot for 
Lot 

WW 
algorithm 

HS algorithm 

6×10 3600 1647 1455 

6×12 4320 2048 1892 

6×15 5,400 2804 2478 

9×10 6,100 2647 1963 

9×12 7,320 3298 2442 

9×15 9,150 4554 3345 

 

 
Chart-3:  Different Methods Simulation results 

comparison in case of Supplier-1 
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Table -5: Comparison of 3 suppliers using HS algorithm 
simulation Results. 

 

 Supplier -1 Supplier -2 Supplier -3 
6×10 1493 1523 1455 
6×12 1895 1940 1892 
6×15 2546 2606 2478 
9×10 2043 2003 1963 
9×12 2522 2482 2442 
9×15 3448 3405 3345 

 

 
Chart-4: Simulation Results Comparison of different 

suppliers with HSA 

 

5. Conclusions 
 
In this research Multi level Lot sizing problems were solved 
using different techniques like LFL, WW, HS algorithms and 
the results were compared for the selection of best supplier.  
 Experimental results clearly say that Harmonic Search 

algorithm is giving best optimum solution when 
compared to other Methods. 

 WW algorithm is giving better solution when 
compared to LFL technique. 

 Suppler -3 is Selected as the best supplier, because in 
all the test cases the total variable cost is minimum in 
case of supplier -3 when compared with other 
suppliers. 
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