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Abstract
The objective of this study was to explore the variable which may affect the direct cost as well as Indirect cost. From a detailed literature review a list of variables was created. The variables were used to collect data on a five-point scale. The data was analyzed by factor analysis method through which variables were suppressed and few factors were achieved as Resource management, Order processing, Material handling, Warehouse management system and Optimizing inventory. These factors were considered and cost index was computed from the data obtained from factor analysis. This study gives a solution and is applicable for particular situation and may not be replicated for other issues. The global scenario is being put some light on which is then compared with the present Indian state so as to find out the weak link points in the system as compared globally. Further it talks about the operations and cost optimization techniques, types and process. The factor which can affect the direct and indirect cost and its consequences. Through the study the gap finding was done so as to find out the research gaps which can be worked upon. These gaps helped in finding the variables for the study. The data was validated and by expert’s opinion and further range is derived which help device a solution to the problem mentioned.
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Introduction:
A building used for the storage of goods is called Warehouse. It is used by the manufacturing companies, distributors, exporters, importers, transport companies, Custom house agents etc. for the storage. Normally there is a time gap between the production and the consumption and warehouse create the utility of time. It also enables the manufacturers to carry on business round the year and to sell the products as per the market demand. They are designed in a way where docks and cranes are put up in a way which helps in loading and unloading of goods. 
These have also find utility near seaports, railway and airports where the goods for transit are stored for shorter period of time. The goods in warehouse are moved with the help of material handling equipment’s like cranes, forklifts and goods are loaded onto the pallets for easy carriage and storage. These pallets help in unitization of cargo. To further enhance the storage capacity of warehouse, vertical space is utilized by stacking goods on vertical racks. The warehouse can be of following types:
· Private Warehouses: These are owned and operated by the private companies and are used for storage of products manufactured by them. A company can have several regional warehouses which are replenished from the mother warehouse and are used for storing only their products.
· Public warehouse: These are privately operated warehouses where a retailer or the manufacturer rents out some space for storing its products for a smaller period of time. These retailers can even rent in more space when the space rented is utilized completely. These are economical as well. 
· Bonded warehouse: It is a custom warehouse where the goods are kept in custody of government. These warehouse store goods for either export or import and goods can only be released upon the custom duty paid in full.
· Climate controlled warehouse: These are temperature controlled warehouses for storage of perishable goods like frozen products, humidity controlled for plants and so on.
In Global perspective, Warehouse is important attribute of global production system, short lead time, volume flexibility and further profits are achieved through these. Here the paper work is less and the processes are fully automated which leads to inventory management and order picking accuracy. The process is rather independent of manpower where just an operator is required to check that the system is running in the defined manner. 
The automation has resulted in reduced lead time, shorter delivery times and minimal errors. Thereby improving the productivity and efficiency of the system. With the inception of cloud based warehouse management system, the companies have further minimized the losses and dependency on man power. This system has also led to proper forecasting as real time data is being shared with the organization and demand is being fulfilled in the similar manner.
Indian perspective is like here warehouses were small unit and looked onto as godowns. Essential infrastructure has always hindered the growth of this sector and the companies’ dependent on it. In present scenario, India is seeing a changing trend with more organized players, automation of process and unified tax structure is leading to the growth in this sector. With the rapid shift from service based economy to manufacturing based economy, warehouses are of much importance now. With GST being implemented, warehouses will get consolidated rather than regional warehouses. Which in turn implies larger warehouses, better automation, good on infrastructure and processes. This will lead to improved tracking and higher efficiency. Automated picking system is gaining importance by linking it with warehouse management system which further improves the warehouse efficiency and processes more effective. With the GOI focus towards integrated logistics parks and transforming the system to hub and spoke model will leads to better infrastructure. 
Indian warehousing industry is growing at a fast pace but still few weak links exist like slow rate of technology adoption due to higher rate, more dependency on manual laborer as is easily available at almost no cost, lack of skill set is due to sector being unorganized and unavailability of warehouse management system which is due to smaller warehouses and smaller players who operate them never feel the need to invest on such system.
Functions of warehouse are as follows:
· Storage of goods: The basic function is storage. Anything which is in surplus is stored in the warehouse till required by the customers.
· Price check: warehouses helps in keep a strong check on the supply and demand of the product. Thereby maintaining the price equilibrium during the peak season.
· Risk Avoidance: Warehouses are designed in a way to prevent goods from damages, theft, deterioration, fire etc. these are properly equipped with all basic necessities to overcome the above-mentioned factors.
· Financing: Warehouse acts as a source of income for the manufactures as they raise money from the warehouse owners as security, even same is given by the banks which helps manufactures in the circulation of money.
· Services: Nowadays warehouses provide services of packing and carting which reduces the manufactures efforts and products can be packed in sizes specified by the owner of the goods.
Different warehouse operation are as follows:
· Planning of equipment: The planning starts from the very early stage of procuring the equipment. The equipment should be planned in a way so as utilize the space available and till the time aim is achieved. The optimum usage should be considered with keeping expansion plans in mind so as that get the return out of the equipment.
· Planning the space: The optimum utilization of space per square feet should be considered as that is the factor of profitability. Aisles and vertical space should be utilized properly.
· Dock operations: The dock is used for loading and unloading and should be properly planned as it the point of contact where material is incepted into the warehouse. These should be properly planned and located so as to utilize the space optimally. These should be planned in way so that any given time not more than one truck is waiting for loading or unloading. These improves the efficiencies as the deliveries and pick-ups are sent out of them.
· Storage operation: The goods are received at the dock and after the pre-examination they needs to be entered into the system. The storage location is given by the WMS software which helps in better utilization of space.
· Picking: Picking is the assembly of goods as per the customer’s order. It is a time-consuming process as the location is major factor deciding the time. And customer expects a perfect order the very first time and is even good for the warehouse as the overhead cost is minimized this way.
Cost Optimization is a process which optimized/reduces the cost and helps in determining the factor setting which acts as a compromise between optimizing responses and minimizing cost factor. Often these factors are most expensive to do but have to find the solution with it so as to fetch the maximum output. The cost, capacity and demand data is used to find the factor which helps in minimizing cost. 
Motivation of research was make warehousing process cost effective using optimization techniques without much affecting the processes. Cost optimization helps in standardizing the process and reducing the errors, effort and time. Organization should aim for lean operation to minimize cost before it is done by the competitor. It is a challenge to work on these opportunities. The warehouses are considered as a cost centers by the companies and a very minimal is spend on the infrastructure, automation as these are considered waste of money due to high cost and ROI is not certain. 
The mindset in Industry is adding more workers will solve the problem which is not the actual solution. Labour cost is around half the cost of warehouse and IT system used are traditional which just keep the location and tracks the products in the warehouse. The inefficiencies in picking and put away cost are the reasons for high warehouse cost and most managers are not even aware of it. Following are the two areas which can be worked upon:
· Picking and put away: The storage location of the item as given by the WMS, this is further optimized with the picking rate as the frequency increases the locations automatically gets shifted and is more accessible. But this is only feasible when the picking order is punched in the system. The pattern of picking order and correlation between the goods being picked together should be an input for the software as it helps in strategizing the location for put away. If the regular orders are punched for put away and picking the system optimally utilized the information and gives the location without the intervention of human.
· Forecasting workforce: Another big issue in the warehouse is to have the optimal number of manpower to handle operations, in such a way so that no delays are observed. The manpower should have skill set apt for handling operations. 
These two factors together if worked helps in optimizing cost to some extent. For interlinking of cost optimization techniques in warehousing, there are five key areas to focus on in the pursuit of warehouse cost savings which includes:
· Workforce i.e. Labour
· Operations i.e. Processes
· Optimize Equipment Use
· Technology adoption
· Facilities Management
Beyond these key areas there are 13 other practical considerations to optimize warehouse cost and enhance savings which includes:
· Often Communicate and do that effectively.
· Standardizing processes further reduces potential variation.
· Follow a continuous improvement plan of operations by measuring processes.
· Determining the drivers to ensure a strong relation between enablers and outcomes.
· All the partners should be involved, empowered and aligned in making decision.
· Use DMAIC approach
· Educate your leadership to ask relevant questions, capture necessary information, decisions making and taking corrective action that are appropriate.
· Strong training program should be created which involves cross-training.
· Work output analysis should be incorporated.
· Productivity can be increased by looking at variations.
· Review objectives and goals by having team meetings occasionally.
· Internal warehouse competitive teams should be set up.
· Right level of automation and systems should be found.

REVIEW OF LITERATURE:
Immense literature review on the following themes has been done by the researchers.
· Insights into the effect of traffic congestion on distribution network characteristics – a numerical analysis based on navigation service data, Florian Kellner, 2016, where effects of traffic congestion, increase in transit time and effects on distribution chain were the key finding.

· Optimization approaches for distributed scheduling problems, Hing Kai Chan & Sai Ho Chung, 2013, where finding were production at multiple locations and integration of supply chain along with developing an efficient and effective approach of optimization for scheduling and planning which helps in maximizing the overall benefits.

· Optimization of storage allocation in order picking operations through a genetic algorithm, Eleonora Bottani , Margherita Cecconi , Giuseppe Vignali & Roberto Montanari, 2012, where to reduce the travel time of picker and efficient picking with the usage of genetic algorithm (GA) to optimize allocation of item in a warehouse was the finding.

· Inventory holding costs measurement: a multi-case study, Anna Azzi, Daria Battini, Maurizio Faccio, Alessandro Persona and Fabio Sgarbossa, 2012, where the paper talks about the difference between automatic and manual warehousing system and its impact on the inventory cost. Here examples help us relate and understand the computation of holding cost by managers.

· Deliberate and emergent logistics strategies in food retailing: A case study of Greek multiple food retail sector, Michael A. Bourlakis and Constantine A. Bourlakis, 2001, where the paper talks about how the development in the strategy for retail logistics is impacted by the centralization of logistical activities, and make it compulsory for the thorough examination of company action.

· Benchmarking warehousing and distribution operations: An input-output approach, Hackman, Steven T;Frazelle, Edward H;Griffin, Paul M;Griffin, Susan O;Vlasta, Dimitra A, 2001, where the paper talks about the development of model by considering the critical resources and workload requirements, an input output model is developed to access the operational efficiency of warehousing.

· The impact of supply-chain management capabilities on business performance, Tracey, Michael; Jeen-Su Lim; Vonderembse, Mark A, 2005, where the paper talks about the capabilities of supply chain management and its impact on the performance of business thereby determining the degree upto which customer oriented supply chain management issues affects the organizational performance and position of company and thereby showing a relation between business performance and capabilities.

· Linking service level, inventory management and warehousing practices: A case-based managerial analysis, Francesco Gallmann & Valeria Belvedere, 2010, where the paper talks about the empirical analysis and shows that for high number of samples assumptions hold and by properly managing the warehouse processes it guarantees fast, complete and right delivery of goods. This is as a result of following best practices and putting investments in automation, technology and handling equipment. To further improve the speed and accuracy of picking and shipping, companies automate their activities when the order fragmentation level is low and homogeneity is high.

· The impact of routing and storage policies on warehouse efficiency, Charles G. Petersen II, 1999, where the paper deals with the main issue which is to parallelly reduce the cost and increase the speed of picking orders. This paper covers the factors like evaluation of various routes and selecting the best route for random storage and volume based environment, comparing the performance of the above two parameters and access the effect of travel speed on storage policy performance and picking rates. The paper tells us about the routing and its dependency on picking rate, speed to travel, size of picking list and storage locations.

· Considerations in order picking zone configuration, Petersen, Charles G, 2002, the paper talks about the present global competitive environment where the focus is on lower cost and faster delivery of more frequent orders. It also talks about zone picking.

· Diagnosis and reduction of bullwhip in supply chains, McCullen, Peter Towill, Denis, 2002, where effects of Bullwhip and reduction by Dynamo simulation is explained.

· Safety stock calculations and inventory analysis: a practical approach for the FMCG case in a South-East Asian country, Sanjay Sharma & Aditya Malhotra, 2015, where Importance of inventory levels and safety stock calculation is detailed out.

· Supplier–buyer deterministic inventory coordination with trade credit and shelf-life constraint, Chengfeng Wu & Qiuhong Zhao, 2014, the paper talks about the two-echelon supply chain where replenishment schedule under trade credit and shelf life is optimized using a mechanism.

· The Effect of Traffic Congestion on the Efficiency of Logistical Operations, ALAN McKinnon, 1999, where the paper talks about the efficiency of logistics activities and how it is being impacted by the changing level of traffic on roads. Indirect cost factors are considered.

· Optimization of Warehouse Cost & Workforce Forecasting, Tushar Khare, 2015, where the study talks about the increasing pressure being faced by logistics companies to improve the operational performance, productivity increase and adopting newer technology in supply chain by streamlining the processes, reducing cost and eliminating errors.


Background of research problem and objectives:
Business problem:
From the above literature review following business problem has emerged:
“Despite established systems of warehousing in FMCG sector, still improper handling and non-adherence of the SOP’s is leading to cost overrun.”
Research Problem:
The problem statement for the above business problem can be “Development of cost optimization framework for FMCG sector in India.”
Research Questions:
Research Question 1:
What are the significant cost drivers affecting the cost of warehousing?
Research Question 2:
What is the available cost optimization index for FMCG?
Research Objective:
The objectives of the study which have been derived from the above research questions are as follows: -
Objective 1:
To identify the significant cost drivers affecting the cost of warehousing.
Objective 2:
To develop and validate the cost optimization index for FMCG.
Research Methodology:
Nature of Research:
Exploratory and Descriptive.
Scope of research:
Data is taken for past 10 years of development phase related to FMCG sector.
Data Collection:
Mix of Primary & Secondary Data is used in this topic. In which primary & secondary data perform the following task: -
Primary data:
Data was taken from warehouse employees of FMCG.
Secondary data:
To find out various risk factors and data which helped to calculate cost overrun, delay factors etc. Possible source of Secondary Data were: -
· Various FMCG industries sites available on Internet.
· Research Paper available related to Project Risk Management, cost optimization of projects in FMCG sector.
Sample Size:
· The sample size for applying factor analysis must be large. As prescribed by (Bentler) & (chou, 1987), the required sample size for Factor Analysis 8:1 which means for every one variable, there has to be at least 8 respondents. The sample size will accordingly be determined.
· Before answering the questions, the respondents were given a few minutes’ presentation about vulnerability and risk concepts and about the ultimate purpose of the research so that all of them have the same perception about the concepts and have less confusions and misunderstandings.
Sampling Techniques:
The sampling techniques will be:
· Judgmental quota sampling
Statistical Tool:
· Data analysis was done using the factor analysis for identifying significant cost drivers.
Scope of Work:
Considerable scope of work was to find out the factors which directly or indirectly affects the cost overrun and how to reduce them to increase the profitability. 
Analysis & Interpretation:
Running factor analysis with orthogonal rotation. All variables are referred to by labels which in turn saves space. E.g. For Question 1 Variable (V1) is used and so on.
Preliminary analysis:
SPSS output 1 shows in the table with Pearson correlation coefficient between all pairs of questions on the upper half and Significance of one tailed coefficients towards the bottom half. Correlation matrix is used to check the pattern of relation. Firstly, the researcher scan the significance value and check for variable whose majority of values lies above 0.05 and then scan the correlation coefficient and look for variable with value greater than 0.9, if found any then problem can arise because of singularity in data. 
For this, determinants of correlation matrix should be checked and if necessary variable causing problem can be eliminated. The determinant value is listed at the bottom of matrix and has value of 0.29. Its value should be above 0.00001 which is fairly above the required thereby multicollinearity is not a problem. Since all correlate fairy thereby there is no need of eliminating any variable.
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	Correlation Matrixa

	
	Technology
	Inventory_holding_cost
	Facility_management
	Average_Shelf_life
	Order_picking_accuracy_rate
	Backorder_rate
	Cycle_count
	Order_accuracy_rate
	Safety_stock
	Number_of_purchase_order_per_day
	Space_utilization
	Material_handled
	Labour_equipment_utilization_rate

	Correlation
	Technology
	1.000
	.200
	.263
	.135
	.213
	-.022
	.142
	.300
	.180
	.346
	.158
	.054
	.353

	
	Inventory_holding_cost
	.200
	1.000
	.466
	.314
	.417
	-.125
	.156
	.289
	.066
	.147
	.230
	.205
	.461

	
	Facility_management
	.263
	.466
	1.000
	.261
	.245
	.092
	-.002
	.318
	.143
	.214
	.187
	.335
	.591

	
	Average_Shelf_life
	.135
	.314
	.261
	1.000
	.381
	.204
	.181
	.271
	.337
	-.018
	.235
	.273
	.138

	
	Order_picking_accuracy_rate
	.213
	.417
	.245
	.381
	1.000
	-.024
	.356
	.259
	.144
	.179
	.286
	.116
	.194

	
	Backorder_rate
	-.022
	-.125
	.092
	.204
	-.024
	1.000
	.225
	.112
	.209
	.099
	-.256
	.325
	-.011

	
	Cycle_count
	.142
	.156
	-.002
	.181
	.356
	.225
	1.000
	.198
	.165
	.327
	.271
	.164
	.221

	
	Order_accuracy_rate
	.300
	.289
	.318
	.271
	.259
	.112
	.198
	1.000
	.024
	.306
	.114
	.292
	.268

	
	Safety_stock
	.180
	.066
	.143
	.337
	.144
	.209
	.165
	.024
	1.000
	.023
	.287
	.215
	.160

	
	Number_of_purchase_order_per_day
	.346
	.147
	.214
	-.018
	.179
	.099
	.327
	.306
	.023
	1.000
	.124
	.408
	.134

	
	Space_utilization
	.158
	.230
	.187
	.235
	.286
	-.256
	.271
	.114
	.287
	.124
	1.000
	.099
	.383

	
	Material_handled
	.054
	.205
	.335
	.273
	.116
	.325
	.164
	.292
	.215
	.408
	.099
	1.000
	.125

	
	Labour_equipment_utilization_rate
	.353
	.461
	.591
	.138
	.194
	-.011
	.221
	.268
	.160
	.134
	.383
	.125
	1.000

	Sig. (1-tailed)
	Technology
	
	.014
	.002
	.071
	.010
	.407
	.061
	.000
	.025
	.000
	.043
	.280
	.000

	
	Inventory_holding_cost
	.014
	
	.000
	.000
	.000
	.087
	.044
	.001
	.236
	.055
	.006
	.012
	.000

	
	Facility_management
	.002
	.000
	
	.002
	.003
	.158
	.490
	.000
	.059
	.010
	.021
	.000
	.000

	
	Average_Shelf_life
	.071
	.000
	.002
	
	.000
	.013
	.024
	.001
	.000
	.421
	.005
	.001
	.066

	
	Order_picking_accuracy_rate
	.010
	.000
	.003
	.000
	
	.398
	.000
	.002
	.059
	.025
	.001
	.104
	.017

	
	Backorder_rate
	.407
	.087
	.158
	.013
	.398
	
	.007
	.111
	.011
	.141
	.002
	.000
	.454

	
	Cycle_count
	.061
	.044
	.490
	.024
	.000
	.007
	
	.015
	.036
	.000
	.001
	.037
	.008

	
	Order_accuracy_rate
	.000
	.001
	.000
	.001
	.002
	.111
	.015
	
	.399
	.000
	.108
	.001
	.002

	
	Safety_stock
	.025
	.236
	.059
	.000
	.059
	.011
	.036
	.399
	
	.403
	.001
	.009
	.040

	
	Number_of_purchase_order_per_day
	.000
	.055
	.010
	.421
	.025
	.141
	.000
	.000
	.403
	
	.089
	.000
	.073

	
	Space_utilization
	.043
	.006
	.021
	.005
	.001
	.002
	.001
	.108
	.001
	.089
	
	.141
	.000

	
	Material_handled
	.280
	.012
	.000
	.001
	.104
	.000
	.037
	.001
	.009
	.000
	.141
	
	.087

	
	Labour_equipment_utilization_rate
	.000
	.000
	.000
	.066
	.017
	.454
	.008
	.002
	.040
	.073
	.000
	.087
	

	a. Determinant = .029



SPSS output 1





SPSS output 2 shows the Kaiser-Meyer-Olkin(KMO) measure of sampling adequacy and Bartlett’s test of sphericity. KMO value lies in range from 0 to 1. A “0” value indicates that the sum of correlations is small relative to sum of partial correlations which indicates diffusion in correlation pattern which results in factor analysis being inappropriate. A “1” value indicates the correlation pattern to be compact thereby yielding reliable and distinct factor analysis. 
Kaiser has recommended accepting below mentioned data:
· Greater than 0.5(acceptable), below which data need to be reviewed as what all factors to be considered.
· 0.5-0.7 (mediocre)
· 0.7-0.8 (Good)
· 0.8-0.9 (Great)

For our data, the value is 0.663 which lies in acceptable region and we should be confident that the factor analysis is appropriate for the data set.

	KMO and Bartlett's Test

	Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
	.663

	Bartlett's Test of Sphericity
	Approx. Chi-Square
	401.142

	
	df
	78

	
	Sig.
	.000



SPSS output 2

Bartlett’s measure tests null hypothesis and that the identity matrix is the original correlation matrix. For factor analysis, relationship between variables should work and if R-matrix was an identity matrix then all coefficients of correlation would be zero. Therefore, it has to be significant with values less than 0.05. R- matrix is not an identity matrix is justified by the significant test which justifies there are some relation between variables. Bartlett’s test is highly significant for these data sets thereby making factor analysis appropriate.

Factor Extraction
SPSS output 3 lists out the eigen values associated with the components i.e. the initial eigen values or before extraction, Extracted sum of squared loading or after extraction and Rotation sum of squared loadings or after rotation. Before data is extracted, SPSS has identified 13 components explaining 67% of the variables. liner in nature within the data sets available and as the scholar know there should be as many eigen values as the number of variables which implies number of factors are same as number of variables. The eigen value connected with every factor shows the variance as described by the particular liner components and SPSS displays the percentage of variance for these eigen values. It is clear that few first factors describe the relatively larger amount of variance as can be seen for factor 1 and following factors explains a smaller amount. After extraction, SPSS lists down factors with eigen value greater than 1 thereby giving us five factors. Under the Extracted sums of squared loadings, eigen values of factors are again displayed, only difference being these values are just displayed for the selected factors. Under the Rotation sums of squared loading, the eigen values after rotation are displayed where rotation factor structure is optimized and results in equal importance of these five factors.

	Total Variance Explained

	Component
	Initial Eigenvalues
	Extraction Sums of Squared Loadings
	Rotation Sums of Squared Loadings

	
	Total
	% of Variance
	Cumulative %
	Total
	% of Variance
	Cumulative %
	Total
	% of Variance
	Cumulative %

	1
	3.581
	27.546
	27.546
	3.581
	27.546
	27.546
	2.208
	16.988
	16.988

	2
	1.608
	12.369
	39.916
	1.608
	12.369
	39.916
	1.823
	14.021
	31.009

	3
	1.338
	10.289
	50.205
	1.338
	10.289
	50.205
	1.665
	12.808
	43.817

	4
	1.213
	9.332
	59.537
	1.213
	9.332
	59.537
	1.662
	12.782
	56.599

	5
	1.030
	7.920
	67.457
	1.030
	7.920
	67.457
	1.412
	10.858
	67.457

	6
	.872
	6.711
	74.168
	
	
	
	
	
	

	7
	.813
	6.255
	80.422
	
	
	
	
	
	

	8
	.662
	5.091
	85.513
	
	
	
	
	
	

	9
	.484
	3.725
	89.238
	
	
	
	
	
	

	10
	.470
	3.614
	92.852
	
	
	
	
	
	

	11
	.360
	2.769
	95.621
	
	
	
	
	
	

	12
	.321
	2.468
	98.089
	
	
	
	
	
	

	13
	.248
	1.911
	100.000
	
	
	
	
	
	

	Extraction Method: Principal Component Analysis.



SPSS Output 3




Before rotation, factor 1 had the highest variance whereas after rotation all factors are equalized and gap is reduced as can been seen in table.

SPSS output 4, displays table of communalities both before and after extraction. The principle component analysis method works on an initial assumption and considers all variance common i.e. communalities before extraction are all equal to 1. 

The column of Extraction shows the communalities which have common variance in the data structure i.e. 50.1% of variance associated with factor 1 is common or shared variance. Another way communalities are defined is in the form of proportion of variance for individual factors. After extraction is done some factors are eliminated thereby stating loss of some information as well. Communalities after extraction represents the amount of variance explained by retained factors. 

The Component matrix, gives the component loading or factor loading which are the correlation coefficient between the factors and variables. Values above 0.6 are high values and below 0.4 are usually low values. Factor loading acts as the basis for computing labels to various factors. This is also stated as the central output for factor analysis.

SPSS Output 5, Scree Plot is a plot of number of factors in extraction order against the eigen values and the shape determines the number of factors. Plot helps to identify the optimal number of factors and plot usually shows a break between the steep slope of factors i.e. large eigen values on the top and further gradually trailing of other factors in an associated manner.  Eigen values of each component in the initial solution is plotted with those on the shallow side does not contribute much to the solution. And the plot below shows that 5 factors are extracted and satisfies the original extraction as well.
[image: ]
SPSS output 5

	
Communalities
	
	Component Matrixa

	
	Initial
	Extraction
	
	
	Component

	Technology
	1.000
	.501
	
	
	1
	2
	3
	4
	5

	Inventory_holding_cost
	1.000
	.682
	
	Facility_management
	.662
	-.141
	-.247
	-.494
	.104

	Facility_management
	1.000
	.774
	
	Labour_equipment_utilization_rate
	.651
	-.361
	-.132
	-.184
	.306

	Average_Shelf_life
	1.000
	.705
	
	Inventory_holding_cost
	.640
	-.343
	
	-.215
	-.325

	Order_picking_accuracy_rate
	1.000
	.707
	
	Order_picking_accuracy_rate
	.587
	-.128
	.256
	.237
	-.474

	Backorder_rate
	1.000
	.715
	
	Order_accuracy_rate
	.574
	.121
	-.319
	
	-.254

	Cycle_count
	1.000
	.684
	
	Average_Shelf_life
	.541
	.171
	.495
	-.252
	-.273

	Order_accuracy_rate
	1.000
	.510
	
	Technology
	.503
	-.131
	-.270
	.206
	.341

	Safety_stock
	1.000
	.777
	
	Space_utilization
	.489
	-.386
	.372
	.281
	.257

	Number_of_purchase_order_per_day
	1.000
	.758
	
	Backorder_rate
	.152
	.803
	
	-.204
	

	Space_utilization
	1.000
	.672
	
	Material_handled
	.500
	.530
	-.148
	-.175
	

	Material_handled
	1.000
	.584
	
	Safety_stock
	.379
	.222
	.570
	
	.503

	Labour_equipment_utilization_rate
	1.000
	.699
	
	Number_of_purchase_order_per_day
	.468
	.280
	-.500
	.448
	.101

	Extraction Method: Principal Component Analysis.
	
	Cycle_count
	.464
	.245
	.184
	.606
	

	
	
	
	
	Extraction Method: Principal Component Analysis.

	
	
	
	
	a. 5 components extracted.


SPSS Output 4


Factor Extraction:
SPSS Output 6, Rotated component matrix is a matrix of component loading for each variable onto each factor. It is similar to SPSS output 4 only difference being it is calculated after rotation. Few things need to be considered: Firstly, factor loading less than 0.1 have been suppressed. Secondly, the variables are sorted on the basis of size of factors. 

Interpretation: 

The table above shows the rotated solution and is easier to interpret.  Variable 1(Facility management is strongly associated with factor 1 and weakly associated with factor 3. Variable 2(Labour equipment utilization rate) is strongly associated with factor 1, negatively associated with factor 3 and weakly associated with factor 4 and 5.

Variable 3(Inventory holding cost) is strongly associated with factor 1 and moderately associated with factor 2. Variable 4(Order accuracy rate), is weakly associated with all the factors as value is below 0.4 and thereby it is eliminated. Variable 5(Order picking accuracy rate), strongly associated with factor 2 and weakly associated with factor 1 and 4. Variable 6(Average shelf life), Strongly associated with factor 2, weakly associated with 1,3 and 5 and negatively associated with factor 4. 

Variable 7(Backorder rate), strongly associated with factor 3 and negatively associated with factor 1. Variable 8(Material handled), strongly associated with factor 3 and weakly associated with factor 1, 2 and 4. Variable 9(Number of purchase orders per day), Strongly associated with factor 4 and weakly associated with factor 1 and 3. 
Variable 10(Cycle count), Strongly associated with factor 4, weakly with factors 2, 3 and 5 and negatively associated with factor 1. Variable 11(Technology), is strongly associated with factor 4 and weakly associated with factor 1 and 5. Variable 12(Safety Stock), is strongly associated with factor 5 and weakly associated with factor 3. 

Variable 13(Space utilization), is strongly associated with factor 5, weakly associated with factors 1,2 and 4 and negatively associated with factor 3.

The variables marked in Yellow are the part of factor and thereby combined together leads to five factors namely: Factor 1 as Resource management, second as Order Processing, third as Material handling, fourth as Warehouse management system and fifth as Optimizing inventory.




	
Rotated Component Matrixa

	
	Component

	
	1
	2
	3
	4
	5

	Facility_management
	.846
	
	.213
	
	

	Labour_equipment_utilization_rate
	.748
	
	-.106
	.205
	.286

	Inventory_holding_cost
	.617
	.538
	
	
	

	Order_accuracy_rate
	.380
	.352
	.253
	.363
	-.213

	Order_picking_accuracy_rate
	.117
	.810
	
	.170
	

	Average_Shelf_life
	.193
	.626
	.369
	-.222
	.299

	Backorder_rate
	-.116
	
	.832
	
	

	Material_handled
	.255
	.129
	.661
	.252
	

	Number_of_purchase_order_per_day
	.125
	
	.205
	.831
	

	Cycle_count
	-.220
	.479
	.107
	.564
	.277

	Technology
	.402
	
	
	.537
	.210

	Safety_stock
	
	
	.304
	
	.821

	Space_utilization
	.215
	.307
	-.344
	.210
	.608

	Extraction Method: Principal Component Analysis. 
 Rotation Method: Varimax with Kaiser Normalization.a

	a. Rotation converged in 10 iterations.


SPSS output 6




SPSS Output 7, Details about the reliability of data collected and is measured by Cronbach’s Alpha method denoted by “α”. It is also the measure of internal consistency. The value of α above 0.7 falls in acceptable zone and further can be categorized as follows:
· α ≥ 0.9 = Excellent
· 0.9 > α ≥ 0.8 = Good
· 0.8 > α ≥ 0.7 = Acceptable
· 0.7 > α ≥ 0.6 = Questionable
· 0.6 > α ≥ 0.5 = Poor
· 0.5 >α = Unacceptable

	Reliability Statistics

	Cronbach's Alpha
	N of Items

	.769
	13



SPSS Output 7
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Findings:
Therefore, from the above analysis and interpretation it is observed that the KMO value and   the Reliability statistics falls in the acceptable regions. With the analysis, we have found five factors which have clubbed all the rest thirteen variables in them are named as:
·  Factor 1: Resource management
· Factor 2: Order Processing 
· Factor 3: Material Handling
· Factor 4: Warehouse Management System
· Factor 5: Optimizing Inventory

Cost index model: Here the model is used to find the range for the cost variable functions and this range is derived from the weights collected by experts interview and is compared with the weights found by factor analysis as shown in the table below.

[image: ]




Where, 	F1 = Summation of weights for factor 1
		F2 = Summation of weights for factor 2
		F3 = Summation of weights for factor 3
		F4 = Summation of weights for factor 4
		F5 = Summation of weights for factor 5

Here from the above table. The values for variable are added for the particular factor so as to get the combined values for the factor as a whole. Which is further compared with the experts view point. The above formula helps in getting the index with respect to cost. Below table shows the summed value and cost index value. The original and the value obtained from the experts view point helps us to get a range.
[image: ]

The cost index obtained after calculation is about 1.67 and after discussion with experts a range is defined original values lies in the range with support level being 1.44 i.e. low level and resistant level 1.75 i.e. High level which satisfies the cost obtained and is validated.



Recommendation:

This study finds five factors namely Resource management, Order processing, Material handling, warehouse management system and optimizing inventory. From the cost index model, it was derived that the weights as observed during the study should lie in the range as obtained from experts review i.e. between 1.44 to 1.75. The cost for the warehousing operations can be optimize for similar factors by following the same weighted process. If the process conducted gives the weights below or above the range, then root cause analysis is required. In case the study is not able to devise suitable results a thorough process mapping of the entire process need to be done to find out the factors. 

[image: ]

Conclusion:

The cost optimization model was derived from the variables shows above. In case of any issue pertaining the above model the flow chart can be referred wherein the activities are broken down into sub activities so as to make the factors visible activity wise. This will in turn make it easier to find the flaw areas and rectify it as soon. In case if the model is still not able to solve the problem then root cause analysis needs to be carried out.
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Factors Variables Original value Industry Expert 1 Industry expert 2 Industry expert 3

Facility_management 0.85 0.7 0.5 0.6

Labour_equipment_utilization_rate 0.75 0.67 0.88 0.7

Inventory_holding_cost 0.62 0.5 0.7 0.66

Order_picking_accuracy_rate 0.81 0.85 0.67 0.89

Average_Shelf_life 0.63 0.55 0.58 0.8

Backorder_rate 0.83 0.77 0.5 0.6

Material_handled 0.66 0.5 0.7 0.81

Number_of_purchase_order_per_day 0.83 0.78 0.88 0.92

Cycle_count 0.56 0.5 0.45 0.8

Technology 0.54 0.6 0.5 0.7

Safety_stock 0.82 0.9 0.3 0.7

Space_utilization 0.61 0.9 0.8 0.76

Optimizing Inventory

Resources Management

Order Processing

Material Handling

Warehouse Management System
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Factors

Resources Management (F1)

2.21 1.87 2.08 1.96

Order Processing (F2)

1.44 1.4 1.25 1.69

Material Handling (F3)

1.49 1.27 1.2 1.41

Warehouse Management System (F4) 1.93 1.88 1.83 2.42

Optimizing Inventory (F5)

1.43 1.8 1.1 1.46

Total(F1*F2*F3*F4*F5)

13.09 11.25 6.28 16.50

Cost Index

1.67 1.62 1.44 1.75

Summation
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