
 
                       

                 

                  ISSN(Online): 2319-8753 

     ISSN (Print):  2347-6710 

International Journal of Innovative Research in Science, 

Engineering and Technology 

(A High Impact Factor, Monthly, Peer Reviewed Journal) 

Visit: www.ijirset.com 

Vol. 8, Issue 11, November 2019 

 

Copyright to IJIRSET                                                            DOI:10.15680/IJIRSET.2019.0811023                                             11035 

  

Purchase Process Standardization and 

Application of Multi – Criteria Decision 

Making Techniques for Vendor Selection of 

Gear Generating Machine 
 

Sanskruti M. Jajoo 

B. Tech, Department of Production Engineering and Industrial Management, College of Engineering Pune, 

Shivajinagar, Pune, Maharashtra, India 

 

ABSTRACT: Purchase is one of the most common and important activities in every manufacturing industry. Purchase 

department has to take care of buying resources at the right quality, in the right quantity, from the right source, 

delivered at the right place, at the right time, with the right mode of transport. In most of the industries, the purchase 

process generally contains the study of the resource, request for quotation, negotiation with vendors, vendor selection 

and generation of purchase order. There might be different methods followed by individuals, which lead to different 

results and consequences. An attempt has been made in this paper to standardize the purchase process. The steps like 

negotiation with the vendor and vendor selection are the most important steps in purchase process. These steps should 

result from optimized qualitative techniques. Rapid growth of technology has been accompanied by the increase in 

number of vendors for each product, who come up with many different options. The purchase department has to 

compare options based on multiple criteria and choose one option. The purchase department thus faces difficulties in 

selecting one product with feasible cost out of the several possible options. Conventionally, the selected vendor was the 

experience based reliable source of that industry. This method resulted in losing the best offers in the new market and 

ultimately contributed towards opportunity and financial losses of the industry. In order to reduce confusion, avoid the 

personal bias and choose vendor wisely, mathematics and standardized techniques developed for solving Multi – 

Criteria Decision Making (MCDM) should be used. A case study of gear generating machine is discussed in this paper. 

MCDM techniques - Pugh matrix and TOPSIS are applied to obtain the alternative vendor and order of preference of 

vendors in conjunction to the requirements. 
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I. INTRODUCTION 

 

In manufacturing industries, the term ‘Purchase’ mainly refers to buying material, machine or machine tool. The 

purchasing department is an organizational unit of a company whose responsibilities include some or all of the 

purchasing function. Purchase process is a method used by the industries for purchasing the machines or machinery 

tools. This method generally contains the study of the resource, request for quotation, negotiation with vendors, vendor 

selection and generation of purchase order. 
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These are the basic steps followed by every company.   

 

 
 

Fig. 1. Flowchart of general purchase process 

 

The general purchase method results in more time consumption for purchasing, which may also have adverse 

impacts on relationship between the vendor and the buyer company. Moreover, there is insufficiency to select the best 

vendor and lack of previous data, reduced productivity and efficiency. Such methods ultimately result in contributing to 

the financial losses of industries. Every individual also has different perspectives of looking at things and different 

approaches in carrying out tasks. For an organization to be system dependent and have reliable, optimum result every 

time, it becomes necessary to have a standardized purchase process. 

Vendor selection is one of the most important steps in the purchase process. Conventionally, the selected 

vendor was the experience based reliable source of that industry. This method resulted in losing the best offers in the 

new market and ultimately contributed towards opportunity and financial losses of the industry. 

The detailed study of the critical parameters of the machine is necessary as these parameters help in the 

selection of the machine. Many of the industries select the vendor offering the machine with lowest cost and tend to 

neglect the critical machine parameters. In such cases, factors like durability of machine get affected. 

In order to reduce confusion, avoid the personal bias and choose vendor wisely, mathematics and standardized 

techniques developed for solving Multi – Criteria Decision Making (MCDM) should be used. 

II. LITERATURE REVIEW 

 

[1] The method TOPSIS was developed by Hwang & Yoon in 1981 for multiple attribute decision making methods and 

applications. There are many researches done using this method for construction project selection, vendor selection, 

logistics, design selection etc. 

 

[2] Dr. Bhatt Rajiv and Dr. Bhatt Darshana applied 'TOPSIS' and 'VIKOR' Multi-Criteria Decision Making Methods 

for selection of Construction Projects. In this they considered many factors which affect the construction projects and 

by considering those factors in TOPSIS concluded with the best construction project among the projects. 

 

[3] G. Muller (2011) used the Pugh matrix in the sub – sea equipment industry for concept selection. 6 different case 

studies were taken into consideration. The study found out alternate designs. It was also observed that older engineers 

were reluctant to application of Pugh matrix due to the everyday pressure. 

 

 

1 
•Study of resource 

2 
•Request for quotation 

3 
•Vendor Selection 

4 
•Negotiation with vendors 

5 
•Generation of Purchase Order 
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III. METHODOLOGY 

 

The purchase process was studied and analysed. An attempt was made to standardize the process. One of the most 

important steps of purchasing is vendor selection. The detailed study of many mathematical techniques was done. At 

the end, we selected MCDM Techniques. These techniques are used to select one from many available options, with 

multiple criteria associated. There are many researches done using these methods for construction project selection, 

vendor selection, logistics, design selection etc. Pugh matrix and TOPSIS were the chosen MCDM techniques and 

applied for the case study of gear generating machine. 

IV. PURCHASE PROCESS STANDARDIZATION 

 

1) Introduction: 

Each step in purchase process is dependent and interrelated on each other. The standardized steps discussed here are the 

outcomes of the constructive approach. Constructive approach is the approach of solution constructed which is suitable 

for the defined problem to increase the efficiency of the system. The following standardization method is constructed 

on the basis of some case studies. One of which is partially described in this paper. The proposed standardized method 

is given in following flowchart. This method is consisting of 15 basic steps. In this paper, step 9 – Selection of Vendors 

Using TOPSIS or Pugh matrix is discussed in detail. 
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Fig. 2. Flowchart of standardized purchase process 

 

2) Description of Standardized Purchase Process: 

The purchase process starts with the need of the product. After the detailed study of the required product the 

initiation for the vendor searching should takes place to which the request for quotations should be sent. After getting 

Record keeping 

Storage 

Material receipt & inspection 

Material supply 

Place the order 

Post negotiation & taking the approval from the 
management 

Selection of vendor  using TOPSIS or Pugh matrix 

Negotiate using the reference cost value genrated by 'Should 
Costing' & fix the terms 

Making comparative statement 

Taking technical recommendation from the user 

Get the quotation from the vendors 

Send the enquiry to the vendors 

Selection of the suitable vendors 

Feasibility study of the requirement 

Get the requirement from the user department 
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the required quotations from each vendor, techno-commercial synopsis should to be created. For getting the proper 

reference value calculating the ‘Should cost’ of machine is required. Should cost is the approximate cost the machine 

may cause. This can be generated by referring the previous purchase of machine in the same company or getting 

information from other company related to that machine. Should cost should consider the factors like inflation rate and 

currency, etc. and also considering the individual values of different units of the machine. After the negotiation with 

each vendor, the Standardization method should contain the selection of vendor by proper numerical analysis. Post 

negotiation and the approval from higher management authorities should finalize the value and the vendor. On the basis 

of this approval, the purchase order should be release. Supply, inspection and the storage are the last but the important 

steps of the purchase process. Record keeping of this proposals helps for future purchase decisions. 

 

3) Conclusion and result from Purchase Process Standardization: 

In the described case study it is examined that how the purchase process should take place i.e. standardized method. 

Standardizing the method will reduce the time required by the purchase process in general, make the vendor selection 

decision much more simple, avoiding personal bias, create the reference for negotiation, increase the productivity, 

creates a reference for negotiating with vendors and make the purchase process more efficient. Standardizing the 

process also reduces the dependency of individual experience which is the dependent factor on the employee. As 

mentioned above the suggested standardized purchase process is based on few case studies. One of which is described 

below. In the mentioned case study, the vendor selection which was the critical step of purchase process is described in 

detail. This proposed standardized method is focused on explicit connection of the purchase processing steps and 

important decision making mathematical techniques. 

V. CASE STUDY: VENDOR SELECTION FOR GEAR GENERATING MACHINE 

 

Standardized methods for selecting the right vendor are applied on gear generating machine. Gears are the most 

complex element of any machine. The factors like gear ratio, module, centre distance, helix angle are important. But 

these are not the only factors that affect the performance characteristics of the gears. Each and every parameter 

involved in the process of manufacturing gear is important, right from generating a gear to finishing. Durability of any 

machine is also dependent on the gears of that machine. Gears are mostly generated in high volume lots. For generating 

huge lots of gears with same dimensions and precision, gear generating machines are used. Thus, purchasing a perfect 

gear generating machine is very important. There are multiple criteria for selecting gear generating machine. There are 

many vendors and many variants of gear generating machine for same specifications in the market. Hence, choosing 

the right vendor is very difficult. In most of the industries, these decisions are taken on the basis of previous records or 

experience based reliable sources. This method has a lot of disadvantages. It resulted in losing the best offers in the new 

market and ultimately contributed towards opportunity and financial losses of the industry. Here, standardized methods 

- Pugh matrix and TOPSIS are applied to select the best vendor. 

 

There are four vendors for given gear generating machine. The standardized purchase process was followed 

and the quotations were obtained from these vendors. On the basis of their quotations, the Techno – commercial 

synopsis was created. The vendor selection is generally done by studying Techno-commercial synopsis. At times when 

there are many parameters, it becomes difficult to arrive at the conclusion for choosing the best vendor. By referring 

the Techno commercial synopsis, the differences in the critical parameters were taken into consideration. These 

parameters with their respective values for each quotation were compiled in the matrix format as per the required 

method for Vendor selection. 

 

A. Pugh matrix 

 

Pugh matrix compares the options based on the scoring of attributes.  

Scoring is done as +, - and 0.  

Where  

+  Is for the value which is better than the base line. 
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- Is for the value which is worse than baseline. 

0 Is for the value which is about the same. 

Weight values are given to each attribute. 

Final score is then calculated by summing up the scores for each option. 

On the basis of this, the rank is decided for each option. 

 

1) Result from Pugh matrix  

Table 1 

Value of each criterion 

 

  Parameters A B C D 

1 Work piece diameter (mm) 280 260 300 500 

2 Work table diameter (mm) 280 121 140 180 

3 Power machine axes details (in KW) 25 12 35 25 

4 Connecting load (KVA) 133 100 130 130 

5 Consumption (KW) 9 18 7.2 10 

6 Cost (In Millions) 300 300 270 240 

7 Cycle time (mins) 0.88 0.88 0.69 0.49 

 

The above table contains the values for respective parameters. Above parameters are the critical parameters of the gear 

generating machine which are important in technical and commercial aspects for selecting the best gear generating 

machine.  

 

Table 2 

Pugh Selection Matrix 

 

  Parameters Weight A B C D 

1 Work piece diameter  0.6 - - 0 + 

2 Work table diameter  0.1 + - - 0 

3 Power machine axes details  0.2 0 + - 0 

4 Connecting load  0.3 - + - + 

5 Consumption (KW) 0.4 - - - + 

6 Cost 0.5 - - - - 

7 Cycle time  0.7 - - - - 

Total Score  -2.4 -1.7 -1.4 -1.3 

 

Above table is the Pugh selection matrix formed by applying Pugh matrix method. In the above Pugh selection matrix 

Option A, B, C and D are having -2.4,-1.7,-1.4, -1.3 scores respectively. From which it can be seen that Option D has 

the maximum score. Therefore, Option D should be chosen for purchasing the gear generating machine according to 

Pugh matrix method. 

 

2) Conclusion from Pugh matrix 

In case of selection of vendor for any machine, Pugh matrix method allows to compare all the vendors based on 

different parameters and corresponding weights. Ultimately, the best vendor can be selected. 
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Consider the given case of selection of vendors for gear generating machine. In this Pugh matrix (decision 

matrix) is created using the parameters and their respective weights. Based on these parameters and weights, the score 

is calculated. For vendors A, B, C and D, the respective scores are -2.4,-1.7,-1.4, -1.3. On the basis of these scores, the 

best vendor comes as vendor D. 

This technique reduces the time required for selecting the best vendor. This method helps in selecting the best 

vendor by considering all the parameters.  

This is a very primitive method and there is no consideration of weights of factors. The ideal solution and the 

closeness to the same are not calculated in this method. Another method, TOPSIS eliminates these disadvantages and 

makes use of mathematics to find the preference by similarity to ideal solution. 

 

B. TOPSIS 

 

Technique of Order Preference by Similarity to Ideal Solution is based on the Quantitative, Qualitative benefit 

Negative ideal alternatives. Ideal alternative are the one which has the best level for all attributes values. Negative ideal 

are those which has worst attribute values. This method selects the closest alternative to the ideal solution and farthest 

from the negative ideal. 

m alternatives and n options are considered in TOPSIS. For each option there exist a score with respect to each 

criterion.  Let  mij  be the score of option i with respect to criterion j 

    Consider a matrix M = (mij)   mn matrix. 

 Let J be the set of benefit attributes or criteria (more is better) 

 Let J' be the set of negative attributes or criteria (less is better) 

Step 1: Construction of normalized decision matrix.  

Normalize the data by using following formula: 

rij  = xij/ (x2ij)  for i = 1, …, m; j = 1, …, n 

Where rij will be the new element of matrix. 

Step 2: Construction of weighted normalized decision matrix.  

Consider a set wj for j = 1,…n of weights for each criteria.  

Multiply each column of the normalized decision matrix by its linked weight.           vij  = wjrij where vij  

will be the  new element of the matrix. 

Step 3: Determine the ideal and negative ideal solutions. 

Ideal solution: 

    A* = { v1* , …, vn*}, where 

vj*  ={ max (vij) if j  J ;  min (vij) if  j  J' } 

Negative ideal solution: 

 A'   = { v1' , …, vn' }, where  

 v' = { min (vij) if j  J ;  max (vij) if  j  J' } 

Step 4:  Calculation of separation measures for each alternative.   

The separation from the ideal alternative can be calculated by: 

    Si *  =  [  (vj*– vij)2 ] ½  i = 1, …, m  

Similarly, the separation from the negative ideal alternative can be calculated by:  

S'i  =  [  (vj' – vij)2 ] ½  i = 1, …, m 

Step 5: Calculation of relative closeness to the ideal solution Ci* 

     Ci* = S'i / (Si* +S'i )  ,           0 ≤Ci* ≤1 

Select the option with Ci*  closest to 1. 
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1) Result from TOPSIS 

Table 3 

Value of each criterion 

  Parameters A B C D 

1 Work piece diameter (mm) 280 260 300 500 

2 Work table diameter (mm) 280 121 140 180 

3 Power machine axes details (in KW) 25 12 35 25 

4 Connecting load (KVA) 133 66 130 107 

5 Consumption (KW) 9 18 7.2 5 

6 Cost (In Millions) 300 300 270 240 

7 Cycle time (mins) 0.88 0.88 0.69 0.49 

 

Important technical and commercial parameters for selecting the best gear generating machine are given in above table. 

In the above data, A,B,C and D are the options and the gear generating machine parameters are the attributes 

considered for selecting the gear generating machine.  

Score matrix will be: 

Table 4 

Score matrix 

Parameters 
Work piece 

diameter 

Work table 

diameter 

Power machine 

axes details 

Connecting 

load 
Consumption Cost 

Cycle 

time 

A 4 9 7 9 5 9 9 

B 3 4 4 5 9 9 9 

C 5 5 9 9 3 8 7 

D 9 6 7 6 2 7 5 

 

The above table contains the scores for each machine in each parameter.  

Normalized decision matrix will be as follows: 

Table 5 

Normalized matrix 

Parameters 
Work piece 

diameter 

Work table 

diameter 

Power machine 

axes details 

Connecting 

load 
Consumption Cost 

Cycle 

time 

A 0.35 0.72 0.50 0.60 0.46 0.54 0.59 

B 0.26 0.32 0.29 0.33 0.83 0.54 0.59 

C 0.44 0.40 0.64 0.60 0.28 0.48 0.46 

D 0.79 0.48 0.50 0.40 0.18 0.42 0.33 

 

Let the set of weights be w= {0.6, 0.1, 0.2, 0.3, 0.4, 0.5, 0.7} 

 

Table 6 

Weighted normalized matrix 

http://www.ijirset.com/


 
                       

                 

                  ISSN(Online): 2319-8753 

     ISSN (Print):  2347-6710 

International Journal of Innovative Research in Science, 

Engineering and Technology 

(A High Impact Factor, Monthly, Peer Reviewed Journal) 

Visit: www.ijirset.com 

Vol. 8, Issue 11, November 2019 

 

Copyright to IJIRSET                                                            DOI:10.15680/IJIRSET.2019.0811023                                             11043 

  

Parameters 

Work 

piece 

diameter 

Work 

table 

diameter 

Power 

machine 

axes 

details 

Connecting 

load 
Consumption Cost 

Cycle 

time 

A 0.21 0.07 0.10 0.18 0.18 0.27 0.41 

B 0.16 0.03 0.06 0.10 0.33 0.27 0.41 

C 0.26 0.04 0.13 0.18 0.11 0.24 0.32 

D 0.47 0.05 0.10 0.12 0.07 0.21 0.23 

 

The above matrix is the weighted normalized matrix which obtained after multiplying each value in normalized matrix 

with their respective weight. Here, work piece diameter and work table diameter are the benefit or positive attributes 

and other parameters are the negative attributes.  

Table 7 

Ideal and negative ideal solution 

A+ 0.470 0.070 0.060 0.100 0.070 0.210 0.230 

A- 0.160 0.030 0.130 0.180 0.330 0.270 0.410 

 

Ideal solution is the one which is contains the best value in all the parameters. On the other hand, the negative ideal 

solution is the solution having the worst condition in all the parameters. 

 

Separation measures will be: 

Table 8 

Separation measures 

 A B C D 

S+ 0.35349632 0.450635609 0.256703394 0.05057975 

S- 0.16308286 0.107833781 0.260843185 0.4522065 

 

The separation measures are calculated and written in the above table. It will enable us to calculate the relative 

closeness in the next step and thus select the best option.  

 

Relative closeness will be:  

Table 9 

Relative closeness 

 A B C D 

Closeness rating 0.315697702 0.193088077 0.503999438 0.89940109 

 

The closeness rating indicates the closeness to the ideal solution. The closeness rating for ideal solution is 1.  

In our case, it can be observed that the closeness rating of option D is closest to 1. Therefore, option D should be 

chosen for purchasing gear generating machine. 

 

2) Conclusion from TOPSIS 

In case of selection of vendor for any machine, TOPSIS method allows to compare all the vendors based on different 

parameters and corresponding weights. It calculates the closeness rating for each vendor. Ultimately the closeness 

rating nearest to 1 is selected as best vendor. 

Consider the given case of selection of vendors for gear generating machine. In this firstly the normalized 

decision matrix is created using the parameters and their respective weights. Then separation measures are calculated 

and finally relative closeness ratings are calculated. Based on these the ranks are decided. The vendor having the 
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closeness rating nearest to 1 is selected as best vendor. For vendors A, B, C and D, the respective closeness ratings are 

0.315697702, 0.193088077, 0.503999438, and 0.89940109. As vendor D is having the nearest value to 1, it is selected 

as the best vendor for purchasing the gear generating machine. The order of selecting the best vendor is D, C, A, and B. 

In such a way TOPSIS method gives the priorities of the vendors for purchasing machine. 

VI. CONCLUSION 

The standardized purchase process is the current requirement for many industries. For an organization to be system 

dependent and have reliable, optimum result every time, it becomes necessary to have a standardized purchase process. 

The vendor selection is the most critical part in the purchase process. In general purchase method, the vendor selection 

is done on the basis of experience based reliable sources which results in negligence to the new vendors and purchase 

department may lose the best offers. Sometimes the vendor offering machine in lowest price is directly selected. This 

may affect factors like durability of machine, quality of product etc. 

In order to reduce confusion, avoid the personal bias and choose vendor wisely, mathematics and techniques developed 

for solving multi – criteria decision making must be used. These methods will help to choose the best vendor. In this 

paper, Pugh matrix and TOPSIS are applied to obtain the alternative vendor and order of preference in conjunction to 

the requirements. Qualitative optimizing methods can make vendor selection easier in case of more than one vendor 

and with multiple criteria involved. 

Pugh matrix gives the result in very less time. In case of getting the priority of the vendors with the use of mathematics, 

TOPSIS method is useful. It consumes more time than Pugh matrix technique but gives the optimized solution in lesser 

amount of time than general vendor selection method. So these techniques must be used as per the requirements. It 

enables to reduce the time of complete process and increases the productivity of department.   
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