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A Decision Support System for Supplier Gzt
Selection in Public Procurement: A Case
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Abstract This study presents a mixed-method approach for the problem of supplier
selection in the context of public procurement. A recent tender invited by BLW,
a unit of Indian Railways producing ‘diesel-electric’ and electric locomotives for
Indian Railways and export market for the propulsion system (the costliest and most
important item in the assembly of the locomotive), has been considered in this work.
Initially, the criteria for evaluation of vendors are identified through the survey of
experts from Indian Railways, who are engaged in procurement for the organiza-
tion. These criteria are used to calculate the inter-se ranking of the offers received
against the procurement tender. For the purpose of evaluation, the weights of the
attributes are calculated using the Analytic Hierarchy Process (AHP) by taking the
inputs for relative comparison of the attributes from experts through a questionnaire-
based survey. Then, the ranking of the offers, as well as the relative importance of
offers, is calculated using the TOPSIS method. Further, a mixed-integer program-
ming (MIP) problem has been formulated to ensure the optimal order allocation in
the multi-sourcing environment with an objective of maximizing the total value of the
purchase. The model is populated with constraints that limit the order quantity, like
selection of suppliers, the order quantity, minimum order quantity, and minimum
number of suppliers to be selected. Results of the case are presented considering
various scenarios. As a result of the study, it has revealed that the multi-sourcing of
the suppliers for a specific item in given situation has an additional penalty on the
organization. The effective and optimal use of the resources can be ascertained with
the help of the proposed study. The biggest advantage of the study is engagement of
potential suppliers, evaluators, and the end user. Continual system improvement is
additional and inherent advantage reaped through proposed model.
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Introduction

Supplier is the most important entity of any business and right selection of supplier
is always a vital issue for the management. The selection of suppliers is a cumber-
some process attempting to identify, and evaluate various parameters associated with
supply chain and enter into agreement with suppliers for procurement of goods or
service [1]. The appropriate supplier decision has long-term financial and strategic
implications on the success of a business. The primary objective in the supply selec-
tion process is to make a purchase decision in a manner that all the challenges of
supply chain management are effectively mitigated. Various risks associated with
supplier’s performance such as cost of failure in supply chain and cost associated
with quality of the product/service being purchased need to be taken care, while
making decisions for supplier’s selection. In recent years, the business environment
has undergone a fundamental change incorporating various factors (both internal and
external) in the purchase process. Therefore, the criticality of the decision of supplier
selection has become a point of concern in the business decision process.

Out of all the procurement practices employed in the business, public procure-
ment is a special type of purchase exercise, where taxpayer’s money is used to
purchase goods and services. By definition the public procurement is the purchase
done by the government and state-owned enterprises of goods, services, and works.
Public procurement is a necessary evil for any public agency or department. For the
limited sectors where the government produces final goods and services like railways
and defense, procurement of raw material is essentially vital. In fact, procurement of
goods and services is the primary channel through which money is passed on to private
hands. The procurement in this case is accomplished through taxpayers’ money and
the high standards of conduct and impartial selection of the vendor become critical
in ensuring high quality of services or goods being procured. That is why it is prone
to misconduct and malpractices [2]. It is very frequently seen that the possibility of
favoritism and manipulations thrives in the public procurements. The quality of the
procurement is one of an inextricable area of leverage and possible misconducts and
malpractices in public procurements. This makes the process of public procurement
not only complex, but also marred with lack of transparency and technical inability
for appropriate assessment of the quality of procurement. The complex environment
and lack of responsibility have potential to promote the propensity for malpractices.
Given all these factors in the play, the procurement decisions need to be taken with
utmost care to prevent fraud, waste of money, corruption, or local protectionism. To
prevent such possibilities, the government take numerous measures to ensure fairness
in public procurement and the public procurement is regulated through various laws
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and regulations issued from time to time. These laws envisage procurement agen-
cies to issue a public notice declaring the intention of the agencies to exercise the
procurement process in an impartial manner and without any prejudice.

In public procurement the end user and the purchaser are usually different parties
with different and even sometimes with conflicting priorities. The accountability
of the procurement personnel is limited to the procurement exercise. Further, the
parameters governing the procurement process and the ability of the suppliers are
assessed by a different and unconnected agency. These factors influence the procure-
ment process at basic level and develop tendencies for indulgence in compromises
resulting in various complications in the entire process. Therefore, to avoid any
biased to creep in, it demands a quantitative basis for the decision-making process
which can be monitored, quantified, and improved as per the organizational goal. It
calls for a systematic approach or a tailor-made decision support system to facilitate
the supplier selection process. Present work is an attempt to develop such a support
system for public procurement for one of the manufacturing units of Indian Railways
to promote free and fair process with equal opportunity to every eligible supplier. This
study proposes a mixed-method approach for the problem of supplier selection in the
public procurement. In this study, we have solicited and incorporated the opinions of
experts to identify the important criteria for supplier selection. To evaluate the weight
of such identified criteria again a survey was conducted engaging experts from the
field. AHP was applied for calculating the weights of these criteria identified in the
survey. The weights so calculated are used with TOPSIS method to find the inter-se
ranking of the offers received in response to a tender. Finally, a mix-integer linear
program is used to decide the quantity to be placed on the firm, with compliance
to government guidelines. Applicability of the proposed framework is demonstrated
in the setting of procurement system of locomotive in Banaras Locomotive Works.
Thus, we contribute to the practice of the supplier selection in public procurement.
Although there are several studies that have adopted a mixed-method approach for
supplier selection, to the best of our knowledge, this is the first attempt to do so for a
very practical problem faced by the Indian Railways. The use of AHP, TOPSIS, and
mixed Integer linear programming for solving complex problem with compliance to
intricate Government’s policy is the novelty of this study.

The rest of the article is organized as follows. A review of the extant literature
is presented in Section “Literature Review”. The problem description is given in
Section “Problem Description”. Section “Optimization Program for Multi-supplier
Selection Through Open Tender” contains the mathematical model for optimization
of total value of the procurement. The procedure to calculate inter-se ranking of the
offer and relative weight is given in Section “Estimating Relative Vendor Ranking”.
A case study of the Banaras Locomotive Works is shown with experimental results
in Section “The Case Study”. Finally, Section “Conclusions” concludes the work.
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Literature Review

Supplier selection has always been a topic of interest and a crucial decision parameter
in supply chain decisions. The research on various aspects of supplier selection can
be traced back to the early 1960s. This literature was summarized by Weber et al. [3].
Ghodsypour and O’Brien [4] have provided insightful research in supplier selection.
Karpak et al. [5] discussed one of the ‘user-friendly’ alternative multiple criteria
decision support systems—visual interactive goal programming (VIG). Nag [6] has
examined issues, such as organizational structure, procurement organization, source
selection methodology, procurement oversight and regulation and their impact on
the economy, efficiency, transparency, and accountability aspects of procurement
in Indian Railways. Various studies have been conducted to identify and include
various parameters for supplier selection in different situations. Abdolshah [7] has
presented a review of decision criteria reported in the literature for supporting the
supplier selection process. Ellram [8] has studied the situation where the firm is
considering partnership type of the relation. They have developed four categories of
the factors for evaluating the supplier’s potential. Goffin et al. [9] have stated that
supplier management is one of the key issues of supply chain management because
the cost of raw materials and component parts constitutes the main cost of a product
and most of the firms must spend a considerable amount of their sales revenues
on purchasing. Kilincci and Onal [10] have noticed that the selection is the one
of the most significant decisions in the supply chain. For selection methodology,
there have been numerous studies conducted on various areas. Ghobadian et al. [11]
have proposed a computer-based vendor rating system. Segura and Maroto [12] have
proposed a multiple criteria supplier segmentation using outranking and value func-
tion methods. An expert Systems with Applications was proposed by An et al. [13].
Oniit et al. [14] has proposed an analytical approach to supplier selection and used
AHP as a selection tool. Deng et al. [15] have proposed supplier selection using AHP
methodology extended by D numbers (D-AHP). Dweiri et al. [16] have designed a
decision support system for supplier selection using AHP for the automotive industry
in developing countries. Similarly, Oniit et al. [17] have used combined ANP and
TOPSIS for long-term supplier selection problem in telecommunication company
in GSM sector under the fuzzy environment where vagueness and subjectivity are
handled with linguistic terms parameterized by triangular fuzzy numbers. Liao and
Kao [18] proposed integrated fuzzy techniques for order similarity to ideal solution,
TOPSIS and Multi-choice goal programming approach to solve supplier selection
problem. A Fuzzy-Racsh-based COPRAS-G method was proposed by Chatterjee
and Kar [19] for supplier selection in telecom industry. Multi-criteria analysis of
supply chain risk management using interval valued fuzzy TOPSIS was proposed
by [20]. Extension of TOPSIS and VIKOR methods was proposed by Si et al. [21].
Sharma et al. [22] have used multi-criteria decision-making techniques for prior-
itizing stations of Indian Railways. A Delphi-AHP TOPSIS-based framework for
prioritization of intellectual capital indicators was proposed by Sekhar et al. [23].
Ramos et al. [24] propose to apply a multi-criteria decision model based on the
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FAHP (Fuzzy Analytic Hierarchy Process) method for the selection of suppliers in a
food company. Polat [25] has used AHP and PROMETHEE for selection of subcon-
tractors in an international project. Mohanty and Mohanty [26] have proposed an
efficient hybrid model for selection of best car models. The hybrid model constitutes
Fuzzy AHP and PROMETHEE II techniques as both are best MCDM techniques for
solving decision problems efficiently and economically. Kubt [27] has proposed a
model for supplier selection using genetic algorithms and fuzzy-AHP. The proposed
work is inspired from the various works cited above.

However, it is distinct from them in the following ways. (1) The criteria for evalu-
ation have been identified after consultation from the experienced personnel having
wide experience of procurement and technical evaluation of tender offers. (2) The
calculation of the weights for these identified criteria is also done through surveys
engaging the expert in the field of public procurement. (3) The study offers a mixed-
integer program through which various regulations and guidelines form the govern-
ment from time to time can be complied. Additionally, (4) It offers insight into the
implications of various guidelines and their application cost on the procurement agen-
cies. Therefore, the study may also be used as a tool for decision-making on appli-
cation of various rules and ability to tweak the decision based on the mathematical
model and helps in making informed decisions.

Problem Description

These challenges of free and fair procurement to ensure the best quality and genuine
suppliers are always uphill task for the government agencies. These challenges
become more pronounced for the simple reason of a non-incentivized procurement
system for the persons engaged in procurement. The current system is marred with
the lack of administrative capacity to handle these challenges. In practice while
evaluating the offer, various methods are adopted such as Quality-Based Selection,
Quality-Cost-Based Selection, and Least Cost Selection [28]. The least cost selection
is the most popularly adopted method for general finalization of the tender called
for procurement of goods and services. In recent years, the systems of procurement
have been improved by incorporating concepts of vendor approval based on technical
ability and capacity/capability assessments done by authorized agencies [6]. But this
concept also inherits certain drawbacks and is crippled with its susceptibility for
human judgments and manipulations to favor one or another supplier. Quantification
of the subjective responses like numbers of failures, post-supply performance, and
warranty obligation, while evaluating technical capability of the firm, have always
been the bone of contention. The subjectivity has always manifested itself through
compromise on the quality of the procurement or with the ability of the suppliers to
dominate the process by finding a path to circumvent the rules and procedures. The
parties involved in the process including supplier and the rating agencies evaluating
the vendors, also have their limitations, on ability to distinguish the fine variations
of the parameters in consideration. Other methods for ensuring free procurement
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of goods and services adopted in recent years are two packet systems and reverse
auction systems, Indian [29]. These systems are effectively being used to ensure the
targeted procurement with transparent methods to effect the best quality purchase.
However, in both systems technical assessment and final decision for placing order
to specific vendor depend on the human judgment. In many cases, decisions have
been challenged through litigations and legal battles ensued. In certain cases, the
concerned authorities have been subjected to legal scrutiny and derision. The subjec-
tivity of technical evaluations and the inability to translate the technical parameters
in quantifiable data have always been a question. However, it is noticed in recent
years that the use of technology has proved to be an effective business tool which
has improved performance, productivity, and effectiveness. But, the greatest chal-
lenge in adopting and implementing technological advancement includes preference
of procurement personnel for legacy systems, issues in change management, and
distrust on the ability of technological implementations. The intricacies of the latest
systems and lack of opportunity to adopt the technological tools only aid in disre-
garding the utilization of the same. This necessitates a decision support system that
will assist the supplier selection and order allocation in the public procurement.

In this work, we are proposing a mathematical model for optimization of intended
procurement and its value with no human intervention. Wherever any human judg-
ment is employed in the process of evaluation, it is collection of many individuals’
judgments clubbed together with the idea to minimize individual influence on the
final decision outcome to ensure free fair procurement. The proposed optimization
program is presented in the next section.

Optimization Program for Multi-supplier Selection Through
Open Tender

Sets and indices

I Set of Suppliers indexed by i.

Parameters

V; The capacity of the ith supplier indexed by i.
R; The rating of the supplier indexed by i.

D The demand for the item being procured.

n  Minimum number of suppliers to be selected.
o« Limit for minimum order quantity.

M A large positive number.

Decision Variable

1, if Order is palced to ith supplier
Yi = .
0, otherwise
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X; The Quantity of the order placed to ith Supplier.

Model

Objective Functions

maxZR,-Xi (6.1)
Constrains
Y Xi=D (6.2)
X; <My; Viel (6.3)
X; > (@aD)y; Viel 6.4)
X;<Vi Viel (6.5)
dovizn (6.6)
X, eZ> Viel (6.7)
a; {0, 1}, Viel (6.8)

The Objective function maximizes the total value of purchase. Constraint (6.2)
ensures that total order quantity allotted to suppliers must meet the total demand of the
item. Constraint (6.3) is to ascertain that order allocation to a supplier is possible only
if the supplier is selected. Constrain (6.4) ensures the compliance of the regulation
that in the case the order is placed on the firm, it should be above a certain percent
() of the total tender quantity. In this study, we have assumed the minimum limit
to be 10% and it varies from organization to organization. Constraint (6.5) restricts
the order allocation with respect to supplier capacity. Constraint (6.6) is requirement
imposed to promote the competition and avoid the eventual crises in case of the
supplier’s inability to supply owing to their internal or external factors. This number
of minimum vendors for the item can be strategically decided by the procuring agency
taking various parameters in consideration. Constraint (6.7) imposes the limit on the
integrality of the distribution as in most of the cases a fraction of item is not desired
and in certain cases it is not possible to purchase a part product. Constraint (6.8)
indicates the nature of the decision variable.
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Estimating Relative Vendor Ranking

Identification of the Criteria for Vendor Evaluation

The model presented in this work uses the criteria identified for selection of vendors
through consultation and survey of the all-possible criteria for evaluation of perfor-
mance of the vendor in respect of a single item already supplied to the procuring
agency in the past. In fact, interrelation between the criteria identified should encom-
pass all the performance parameters that the purchasing firm is expecting from the
supplier. In practice they make a list of suppliers who are approved based on tech-
nical ability and continuous evaluation is done to keep the performance under check.
However, there is always a subjective discretion available with decision-makers
particularly in a situation where the difference in various evolutionary parameters
is insignificant. The quantifiable attributes in such situations are ignored and the
decision process becomes prone to favoritisms.

For identification of most relevant parameters governing the overall performance
of a vendor, a survey was conducted among the officers of government of India
who are engaged in purchase activity and in technical evaluation of the bid received
through tender.

These evaluation criteria are:

Al. Cost of the item being offered by the vendor.

A2. In service failure of the item per unit item already in service.

A3. ‘On time Delivery’ performance of the vendor in the past orders.

A4. Compliance of warranty obligation and post-delivery performance of the
vendor.

Calculation of Weightage of Criteria

In our study, the ranking of the vendor is calculated in terms of these parameters
and their contribution on actual values of the attributes. These attributes are gathered
from the literature and further refined to fit into the context by a survey.

The attributes listed above are used to calculate the inter-se ranking of the
offers received against the procurement tender. We first calculate the weights of
the attributes using the Analytic Hierarchy Process (AHP) proposed by [30]. The
inputs (for relative comparison of the attributes) are taken from the experts through
a questionnaires-based survey. The subjective judgments of the officers are quanti-
fied using a linear scale suggested by [31] to calculate weights of the attributes. The
eigenvalue method of AHP is used for calculating the individual weights given by
the experts. The individual weights are then aggregated to obtain final normalized
weights for attributes. The weights obtained for criteria A1, A2, A3, and A4 using
AHP are 0.41268955, 0.38512504, 0.11817148, and 0.084014, respectively.
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Calculation of Relative Ranking and Absolute Values
Jor Vendor Performance on Offer

In the next step, the data is the collection of data through the offers (quotations)
received and normalization. Each element of the normalized decision matrix is
multiplied by the weight of criteria obtained using AHP to obtain the weighted
normalized decision matrix. Having calculated the weighted normalized decision
matrix, the ranking of the vendor’s offers, as well as the relative quantity of impor-
tance of offers, needs to be calculated. For this purpose, we use a multi-attribute
decision-making technique— “Techniques for Order of Preference Similarity to the
Ideal Solution’ abbreviated as TOPSIS originally proposed by [32]. The steps of the
TOPSIS method are described as calculation of the Zenith (an Ideal point) and Nadir
(anti-ideal point) points for each criterion, calculating the distance for each criterion
point to Zenith and Nadir points and calculation of the relative closeness coefficient,
i.e., importance indexes are followed as reported in the literature [32].

The final ranking and the relative importance for case in consideration are depicted
in Table 6.4. A summary of overall procedure is presented in Fig. 6.1.

Fig. 6.1 Flow diagram Deciding the attributes for calculating link
depicting the steps involved importance trough expert opinion
in the algorithm

v

Calculation of attribute weights using AHP

\ 4

Data collection and processing

A 4

Normalization of decision matrix and
weighted normalized decision matrix

!

Calculation of the relative closeness coefficient i.e. Importance index
using TOPSIS

\ 4

Use of mixed-integer program for decision on number of
suppliers.
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The Case Study

Case Description and Numeric Problem

The data for the case study has been collected form the recent tender invited by
Banaras locomotive works, a unit of Indian Railways producing diesel and electric
locomotives for Indian Railways and for export market. The item under study is an
extremely critical item, i.e., the propulsion system which is the brain and heart of
the locomotive. It is the costliest item in the complete assembly of the locomotive
and costs around 20% of the total cost of the locomotive. The propulsion system is a
technically complex and intricate item where firms with high caliber and proven track
records are permitted to participate in the bid. The item is used with both goods and
passenger locomotives. Therefore, the importance of the item is further multiplied
because it impacts the safety of passengers. The propulsion system controls the
functioning of complete operation and performance of the locomotive, including the
braking system.

At present the supplier selection is based on the vendor directory methods, where
suppliers are evaluated and enlisted as potential source for specific item, if they
are found technically competent to produce the item [33]. The registration in the
vendor directory is done only after successful completion of development, testing,
and completion of mandatory trial without any major technical problem. Once regis-
tered, the supplier is groomed with hand-holding to bring the quality and capability to
the level of expectation of Indian Railways by providing partial order for pre-defined
developmental quantity. Many times, a separate tender is also called to promote
more vendors for specific items where the number of approved suppliers is less than
a certain number stipulated in the policy. However, there are constant disputes about
the deliberations on various evaluation parameters and the procedure of evaluation of
the vendors. For instance, the evaluation criterion of ‘On Time Delivery’ is seriously
debatable. Though the vendors are penalized for delay in supplying the item, the
fine is not commensurate with the consequential cost the organization has to bear
for the delay. Further, the delay in supply is completely ignored while evaluating the
performance of the vendor on other technical parameters. So, the criteria become
a disincentive to the vendors, who are sincere and partnering with the organization
at a cost to produce and deliver the items as per schedule of supply. The criteria
like this are quantified in above study and evaluation is made considering the relative
importance of the criteria as already explained in item no 3. Indian Railways is one of
the world’s largest public sector organizations, and it is the world’s third largest rail-
road network under a single administration. It is the world’s second largest railway
passenger transport organization, carrying 7 billion passengers annually. It produces
around 650 locomotives annually at its two manufacturing units at Chittaranjan and
Varanasi. The total worth of this single item and its criticality is enough testimony for
various possibilities of compromises in public procurement. The indicative data is
selected for the purpose of study and to demonstrate the applicability of the concept
proposed in this paper (Table 6.1).
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Table 6.1 Summary of quotation received

Name of the firm | Offer cost | Failure/unit item in | On time delivery Attention/failure of
(in Rs) service* (percentage of the | the item in a year*
quantity supplied)*
AB 18,630,000 | 1.29444444 0.97 0.622318
BH 17,340,000 | 1.96296296 0.95 0.169811
Bomd 16,905,000 | 0.50420168 0.96 0.466667
CG 17,950,000 | 0.5 0.93 0.365854
Md 16,353,078 | 0.60550459 0.98 0.424242

* The data is assumed for calculation purpose

The offer received and the data collected

For calculation of weights Analytic Hierarchy Process (AHP) is used with eigenvalue
method as explained in Section “Calculation of Weightage of Criteria”. The weights
obtained for criteria A1, A2, A3, and A4 using AHP are 0.41268955, 0.38512504,
0.11817148, and 0.084014.

Calculation of Rank Through TOPSIS

a. Normalization of the metrics

The performance, i.e., the actual data against each attribute criteria needs to be
normalized in order to be able to compare the measure on the different units, e.g.,
cost in Cr. Rupees and failure are per unit items in service. The most popular method
for normalization is the distributive normalization. In this method, the performances
are divided by the square root of the sum of each squared element in a column (Table
6.2).

Xia

Z;:l xiza

Tia =

b. Calculation of Nadir and zenith points from weightage normalized metrics.
Weighted normalized matrix is obtained by multiplying the weights in each
element of a column. These weighted scores will be used to compare each option
to an ideal and anti-ideal option in the matrix (Table 6.3).

c. Collect the data of the best and worst performance on every criterion of the
normalized decision matrix. For the ideal performance we have
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Table 6.2 Normalized matrix

Name of the firm | Offer cost | Failure/unit item in | On time delivery | Attention/failure of
(in Rs) service (percentage of the | the item in a year
quantity supplied)
ABB 0.477354 | 0.511687 0.452742 0.639251
BHEL 0.4443 0.77595 0.443408 0.174432
Bombardier 0.433154 | 0.199308 0.448075 0.479365
CG 0.45993 0.197648 0.434073 0.375809
Medha 0.419013 | 0.239353 0.45741 0.435786

Table 6.3 Weighted normalized matrix

Weights 0.41269 0.385125 0.118171 0.084014
Firm Cost Failure/unit On time delivery Attention/failure
AB 0.196999 0.197064 0.053501 0.053706
BH 0.183358 0.298838 0.052398 0.014655
Bomd 0.178758 0.076759 0.05295 0.040273
CG 0.189808 0.076119 0.051295 0.031573
Md 0.172922 0.092181 0.054053 0.036612
Ideal best 0.172922 0.076119 0.054053 0.053706
Ideal worst 0.196999 0.298838 0.051295 0.014655

Table 6.4 Closeness coefficient and ranking of the offers

Firm | df d; df +d; |ca= % Relative ranking of the offers

AB 0.109031 |0.123319 |0.23235 0.469
BH 0.013685 |0.226363 |0.240048 | 0.057
Bomd |0.224301 |0.014701 |0.239002 |0.938
CG 0.223476 |0.027975 |0.251451 | 0.889
Md 0.209228 |0.023456 |0.232684 | 0.899

N W= ||

where viJr = max(v,; ), if the criterion is to be maximized and v;r = min(Vj,), if
a a
the criterion is to be minimized.
d. The distance for each performance to the ideal action.

d;': (vf—viu)z, a=1...,m

For the anti-ideal or zenith points

d- = (ui’—vm)z, a=1...m
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e. Calculate the relative closeness of each performance:

d-

a

T df +ds

Ca

The closeness coefficient is always between O and 1, where 1 is the preferred
performance. If a performance is closer to the ideal than the anti-ideal, then ¢,
approaches 1 and if the performance is closer to the anti-ideal then to the ideal, ¢,
approaches 0.

The relative values are taken as the indication of measures of performance of offer
on various attributes (Table 6.4).

Result Discussion and Analysis

In the case of public procurement, the government issues instructions from time to
time to promote multi-sourcing to discourage monopoly and encourage fair compe-
tition among the bidders. Therefore, the problem becomes complex while deciding
the quantity of the orders to be placed on any firm to maximize the purchase value
and promote the firms with equal opportunity to ensure compliance of the govern-
ment’s guidelines. The quantity of the procurement made in public procurement is
also so large that it is normally not feasible for a single firm to supply the entire
demand quantity. In our study, we have assumed both the situation and tried to
demonstrate various possibilities in the case when the firm is competent to supply
the complete demand or otherwise, with possible variations in the minimum numbers
of the suppliers on which orders can be placed. ‘n’ is the number of suppliers on
which the orders are finally placed in accordance with government guidelines or else
to promote competition among the suppliers.

Scenario I

In case the capacity of all the suppliers is higher than the demand, the production
capacity as quoted against the tender say 370 in this case.

Scenario 11

In case the capacity of the suppliers is less than the demand. In above example, the
capacity is assumed to be as mentioned in Table 6.5 (Fig. 6.2; Table 6.6).
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Table 6.5 Capacity of suppliers

G. Tripathi and A. N. Tanksale

AB 260
BH 220
Bomd 285
CG 200
Md 225
Variation of objective function value with No. of Suppliers

350 34237 340.93 339114
340 —
330 338.88 321.761
320
310
300 289.164
290
280
270
260

N>=1 N>=2 N>=3 N>=4 N=5

= Firm is able to supply

== Not able to supply

Fig. 6.2 Effect of variation in number of suppliers on value of purchase

Table 6.6 Iteration for variation of ‘n’ in both the scenarios

Condition | Capacity of supplier is higher than Capacity of the supplier is less than the
demand demand
N Variable Variable | Objective | Variable Variable | Objective
Value function Value function
value value
N>1 x[Bomd] 365 342.37 x[Bomd] 285 339.25
x[Md] 80
N=>2 x[Bomd] 328 340.93 x[Bomd] 285 339.25
x[Md] 37 x[Md] 80
N=>3 x[Bomd] 291 339.114 x[Bombd] | 285 338.88
x[CG] 37 x[CG] 37
x[Md] 37 x[Med] 43
N=>4 x[AB] 37 321.761 x[AB] 37 321.761
x[Bombdr] 254 x[Bombd] 254
x[CG] 37 x[CG] 37
x[Md] 37 x[Md] 37
N=5 x[AB] 37 289.164 x[AB] 37 289.164
x[BH] 37 x[BH] 37
x[Bombd] 217 x[Bombd] 217
x[CG] 37 x[CG] 37
x[Md] 37 x[Md] 37
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Conclusions

From above discussion in both the scenarios where the supplier is either able to
supply the desired quantity or not, the impact of variation of the number of suppliers
is seen till the number is limited to 3. The best results are found for the cases where the
suppliers are not able to fulfill the requirement and the number of orders is limited to
2 vendors. The objective value remains same for a single supplier and two supplier’s
scenario and deteriorates sharply afterward. To promote competition and fair practice
in procurement, multi-sourcing is a proven tool in the supply chain. However, the
study indicates that multi-sourcing has an associated cost and compromises need
to be made to support it. The benefits of multi-sourcing are obviously proven to
be overriding the marginal penalty which this program reflects to be making while
selecting more than one vendor.

In real-life practice, multi-sourcing is not only a tool but also a compulsion to be
accepted because of the size of the procurement by the public sector. The compromise
being indicated in the study can be used as guiding tool for the policy-makers, while
deciding the policy framework for multi-sourcing. The study may be quite insightful
for the suppliers also, if their performance data is shared with them. The data-driven
decision by supplies may also encourage improvement in performance on various
parameters as indicated.

The study is an insightful exercise because it reveals the inability of procurement
agencies to account for the associate performance of the firm like warranty obligation,
on time delivery of the item, etc. These performance measures certainly have a
cost implication for the suppliers, who tends to cut corners on the quality front to
save money. Disregarding these indicators is proved to be a potential compromise.
The results show that the application of a structured decision-making technique
is vital, especially under the complex conditions that include both qualitative and
quantitative criteria. The study is applicable in various fields of procurement and
government agencies. The model can be used as the foundation for the development
of complete support software for decision-making, eliminating or minimizing the
human interventions in the procurement process. This way other related menaces in
the system can be minimized ensuring saving on public money and best quality of
procurement.

Future Research

This study further reveals that the weights associated with the parameters are critical
in nature and detailed study on the impact of the variation of the weights on decision
needs to be studied. In this study, the optimization program section offers the handy
tool to accommodate and implement the government’s rules and guidelines issued
from time to time. The linear program has potential to be improved for more pragmatic
situations, where running evaluation of multi-item through multi-vendor offers can
be incorporated as future study.

As the potential of future extension of the study, sensitivity analysis of various
factors such as weights associated may be conducted to find out the robustness of the
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support system being proposed through this study. Similarly, the sensitivity analysis
of the various factors being considered may also be done to prove the impact of
individual factors on overall performance of the vendor in specific tender offered,
which can also act as advisory tool for the vendor to understand the focus performance
area in the offer to remain competitive with respect to the other offers.
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