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A methodology based on fuzzy inference and SCOR®
model for supplier performance evaluation

Uma metodologia baseada no modelo SCOR® e em inferéncia fuzzy
para apoiar a avaliacao de desempenho de fornecedores
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Giovani Mantovani Roza Carvalho?
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Abstract: In the academic literature, supplier selection and evaluation have been addressed as a decision-making
problem in which a set of suppliers is assessed based on multiple criteria. Although there are hundreds of quantitative
methodologies to support the supplier selection problem, supplier evaluation aiming at developing suppliers is
little explored in the literature. Furthermore, most of the existing approaches have some limitations due to the
use of inadequate techniques. Thus this study proposes a new methodology to support the assessment of supplier
performance, developed from the combination of fuzzy inference systems with some performance indicators of
the SCOR® model (Supply Chain Operations Reference). The proposed approach enables the evaluation of aspects
related to the performance of operations and costs. The results of this evaluation are used to categorize the suppliers
with similar performance and identify guidelines for the management of each supplier group. To demonstrate the
modeling process and use, and also to evaluate the suitability of this proposal, a pilot application involving the
evaluation of 10 suppliers of a company in the automotive sector was conducted. Four fuzzy inference systems were
implemented using MATLAB® and parameterized according to the judgments of two employees of the company.
A sensitivity analysis was performed to verify the consistency of the results yielded by these systems. The results
support the suitability of the proposed methodology and the parameterization performed during implementation.
When compared with the methodologies for the assessment of suppliers in the literature, this approach presents
advantages such as the appointment of guidelines for the management of the supplier base; the possibility of
integration with the supply chain performance evaluation; the ability to assess simultaneously a non-limited amount
of suppliers, the representation and processing of information in a linguistic format, and the mapping and internal
storage of all decision scenarios of the problem.

Keywords: Supplier evaluation; Supplier development; SCOR® model; Fuzzy inference; Fuzzy logic.

Resumo: Na literatura académica, tanto a sele¢do quanto a avaliagdo para o desenvolvimento de fornecedores vém
sendo abordadas como um problema de tomada de decisdo no qual um conjunto de fornecedores é avaliado com
base em multiplos critérios de desempenho. Embora ja existam centenas de metodologias quantitativas voltadas
para o apoio a etapa de sele¢do de fornecedores, a avaliagdo de desempenho objetivando o desenvolvimento de
fornecedores ainda é pouco explorada na literatura. Além disso, a maioria das abordagens existentes apresentam
algumas limitagoes devido ao uso de técnicas inadequadas. Diante disso, este estudo propde uma nova metodologia
de apoio a avaliagdo de desempenho de fornecedores, desenvolvida a partir da combinagdo de sistemas de inferéncia
fuzzy com alguns indicadores de desempenho do modelo SCOR® (Supply Chain Operations Reference). A abordagem
proposta permite avaliar aspectos relacionados ao desempenho das operagoes e aos custos do fornecedor. Os resultados
dessa avaliagdo sdo usados para categorizar os fornecedores com desempenho similar e indicar dirvetrizes adequadas
para o gerenciamento de cada grupo de fornecedores. Visando demonstrar o processo de modelagem e uso, bem
como avaliar a adequabilidade da proposta, foi realizada uma aplicag¢do piloto que envolveu a avalia¢do de
10 fornecedores de uma empresa do setor automotivo. Quatro sistemas de inferéncia fuzzy foram implementados
usando MATLAB® e parametrizados de acordo com os julgamentos de dois funciondrios da empresa. Também foi
realizada uma analise de sensibilidade para verificar a consisténcia dos resultados fornecidos por esses sistemas.
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Os resultados obtidos refor¢am a adequagdo da metodologia proposta e das parametrizagoes realizadas durante a
implementagdo. Quando comparada com as metodologias de avaliagdo de fornecedores encontradas na literatura,
esta abordagem apresenta vantagens como o apontamento de diretrizes para a gestdo da base de fornecedores, a
possibilidade de integra¢do com a avaliagdo de desempenho de cadeias de suprimento, a capacidade de avaliar
simultaneamente uma quantidade ndo limitada de fornecedores, a representagdo e o processamento de informagées
em formato linguistico e o mapeamento e armazenagem interna de todos os cendrios de decisdo do problema por

meio de regras de inferéncia facilmente interpretaveis.

Palavras-chave: Avaliacio de fornecedores; Desenvolvimento de fornecedores, Modelo SCOR®; Inferéncia fuzzy;

Logica fuzzy.

1 Introduction

In industrial organizations, sourcing management
of products and services consists of a key process
for supply chain management. Lee & Drake (2010)
point that manufacturing companies have spent
from 50% to 70% of its sales revenue buying
raw materials. In this sense, the performance of
suppliers affects directly the production costs of
the buyer. In addition, it affects the quality products
of the buyer as well as the satisfaction of the final
costumers (Gonzalez et al., 2004). Thus, managing
the performance of suppliers and supporting their
continuous improvement have become critical for
supply chain management.

The performance evaluation of a supplier happens
at least in two phases in the supplier management
process. First, the evaluation is made during the
selection of new suppliers, when the final goal is
to define a preference order among the alternatives
for the selection of those preferred ones. After this,
in the phase of supplier development, supplier
evaluation is conducted so that some management
practices can be planned and implemented aiming
at improving the performance and capabilities of
the supplier so as to better fulfill the supply needs
(Osiro et al., 2014). Since there are many possible
practices for supplier development, the choice of
the most suitable practices depends on the results
of performance evaluation (Sarkar & Mohapatra,
20006; Osiro et al., 2014).

In the academic literature, supplier selection
and supplier evaluation for development have
been dealt as a decision making problem in which
a set of suppliers are evaluated based on multiple
performance criteria. Although there are hundreds of
quantitative methodologies to support the supplier
selection step (De Boer et al., 2001; Wu & Barnes,
2011; Limaetal., 2013; Chai et al., 2013; Lima et al.,
2014a), the performance evaluation for supplier
development still is little explored. In addition, the
most of methodologies found in the literature to
support supplier evaluation for development present
some limitations caused by the use of inadequate

techniques to this domain problem. Moreover, these
methodologies adopt criteria similar to ones used in
supplier selection (Aksoy & Oztiirk, 2011; Rezaei
& Ortt, 2013). However, since the performance of
a focal organization in a supply chain is dependent
upon the performance of its suppliers, it is desirable
that the performance evaluation of suppliers be
aligned with the performance evaluation of the
supply chain. In this sense, the metrics to be used
in the supplier evaluation should be similar to ones
used to evaluate the performance of the supply chain.

One approach widely adopted by managers to
evaluate the supply chain performance is the Supply
Chain Operations Reference (SCOR®) model.
This model proposes a hierarchy of performance
measurement metrics that evaluates aspects related
to reliability, responsiveness, agility, cost, and
asset management (SCC, 2012). A differential of
the SCOR® metrics is that it allows that the focus
company compares its performance with others
supply chains by using a global benchmarking base,
named SCORmark. However, none of the studies
found in the literature proposes a methodology for
supplier performance evaluation that considers the
metrics proposed by the SCOR® model.

In this context, this paper proposes a new methodology
for supplier performance evaluation based on the
combination of fuzzy inference systems with some
of the SCOR® metrics. By using a two-dimensional
classification grid, each supplier is categorized
according to its performance in operations and cost.
The aim is that the categorization of the evaluated
suppliers can guide further development of the
supplier base. To demonstrate the applicability of the
proposal, it was developed an illustrative application
case in which 10 suppliers of an automotive company
were evaluated. The fuzzy inference systems were
implemented using the software MATLAB® and
parameterized according to the opinions of two
company’s employers. In addition, a sensitivity
analysis was made to verify the consistency of the
results yielded.
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This paper is organized as follows: Section 2
presents a literature review about supplier evaluation,
SCOR® model and fuzzy inference. Section 3
presents the applied methodical procedures. Section
4 presents the proposed methodology to support
supplier’s evaluation, application case and sensibility
analysis. At the end, Section 5 presents conclusions
and suggestions for future researches.

2 Theoretical background
2.1 Supplier evaluation and management

As ilustrated in Figure 1, Park et al. (2010)
structured source management activities as a process
composed by four main steps. The first one consists
in the source strategies formulation, which involves
decisions, as to have an intern made production
or to outsource any compound (make or buy), to
use one or multiple suppliers to each outsourced
item, to divide the suppliers base according the
item type, among others. These strategies should
consider the alignment of the buy objectives with
the organization strategic objectives. After source
strategies definitions, the supplier selection is
made, looking for those ones who best attends
buyer’s requirements and, in case more than one
supplier is selected, an order distribution between
these suppliers is made (De Boer et al., 2001; Wu
& Barnes, 2011).

After hiring suppliers, the relationship development
and collaborative practices begins with those who
more add-value to the buyer business, in this way
they are seen as strategic ones. These collaborative
practices includes product together development,
the certification process support to one or more
supplier management system, the installation of
production unities from the supplier inside buyer’s
factories, the stock management by the supply items
consignment and planning, collaborative forecast
and replenishment (Sarkar & Mohapatra, 2006;
Park et al., 2010).

By doing periodic supplier evaluation, it is
possible to find if they are attending to their contract
obligations and identify those who present lower
performance levels than the expected. Depending
of the evaluation results, development programs for
one or more suppliers may be necessary, or even
to substitute one supplier by other one who have
better performance (Sarkar & Mohapatra, 2006).
Supplier development is especially important to
critical items, those which have a high added-value
or that have low supplier availability at the market
(Osiro et al., 2014). The necessity of replacement
or development of one supplier can be identified
by a based evaluation in quantitative and multiple
criteria techniques.

2.2 Criteria and techniques for suppliers
performance evaluation

Chart 1 presents a list that proposes supportive
methodologies to supplier performance evaluation
from other studies. The techniques presented include
multicriteria methods, such as AHP, ANP, PROMETHE
and DEMATEL, and artificial intelligence techniques,
such as artificial neural networks and fuzzy inference
systems. As can be seen, while some approaches are
one technique based, other studies combine two or
more techniques to get the advantage of each one
(Lima et al., 2013). This approach can be obtained
by the union of different techniques to build a
new one by the sequential application of different
techniques in a same problem.

There are many requirements to choose and adequate
technique to supplier evaluation. One of them is that
it must permit the upgrade of the evaluation system,
as the criteria and supplier inclusion and exclusion,
without having a result inconsistency generation (Lima
Junior et al., 2014%). However, the AHP (Park et al.,
2010), ANP (Hsu et al., 2014; Liou et al., 2014),
fuzzy AHP (Zeydan et al., 2011; Rezaei & Ortt,
2013), fuzzy ANP (Shirinfar & Haleh, 2011) and

<

) h ¥ Definition of Process of
2 supply supplier
strategies / selection

\ Buyer-supplier
/ colaboration

Source management
continuous
improvement

Refresh of the
suppliers base

Actions for
performance
improvement

Figure 1. Source management framework. Source: Park et al. (2010).
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Chart 1. Techniques applied to supplier performance evaluation.

Approach | Proposed by Techniques Scope
Sarkar & . -
Mohapatra Fuzzy numbers comparison Supp he.r capability and performance
(2006) evaluation.
Araz & PROMETHEE (Preference Ranking Supplier evaluation and management
Ozkarahan Organization Method for Enrichment pp . . &
(2007) Evaluation) system to strategic sourcing.
Lee et al. . Relationship evaluation between
uyer and supplier.
(2009) ANP (Analytic Network Process) b d i
Simple fZa (;l;oe)t al. AHP (Analytic Hierarchy Process) Supplier relationship management.
method Bai & Sarki Evaluati fi
ai arkis valuation programs for green
(2011) Rough set theory suppliers development.
Aksoy & Supplier performance evaluation and
Oztﬁr}l; 2011) Artificial neural networks selection in just-in-time production
environment.
Sahu et al. . Green supplier evaluation in a fuzzy
2014 Trapezoidal fuzzy numbers environment.
(
Osiro et al. Fuzzy inference Supplier evaluation according to
(2014) Y acquired item’s type.
Shirinfar & Fuzzy ANP, fuzzy TOPSI.S gTefzhmque for Supplier evaluation and orders
Haleh (2011) Order of Preference by Similarity to Ideal allocation
Solution) and fuzzy PROMETHEE ’
Zeydan et al. | Fuzzy AHP, fuzzy TOPSIS e DEA (Data Supplier selection and evaluation
(2011) Envoltéria Analysis) combined methodology.
Ho et al. . . . . . .
(2012) Multiple regression analysis and DEMATEL | Supplier quality evaluation.
Hsu et al. ANP e VIKOR (Vise Kriterijjumska 211; Elt);(l)irl f :iﬁ%;ffnczzzgl?;g:r&n
(2014) Optimizacija I Kompromisno Resenje) o Y
' gas emission.
Slzrt?lzgled Omurca Fuzzy c-means combined with rough set Supplier selection, evaluation and
(2013) theory development.
Rezaei & Ortt Supplier segmentation based in
(2013 Fuzzy AHP multiple criteria.
p
Liou et al. Fuzzy combined with a DEMATEL based Suppher evaluat1or.1 anq perf.om.lance
(2014) version of ANP improvement considering criteria
interdependency.
Akman Combined fuzzy c-means and VIKOR Evaluation for green suppher.
(2014) development programs inclusion.
Dou et al. Development programs evaluation
(2014) Grey ANP for green supplier.

Source: Author.

grey ANP (Dou et al., 2014) based methodologies
can invert the ranking result ever when new criteria
or alternatives are included or excluded. Further than
its limitation, these techniques based methodologies
have a limitation at quantities of suppliers, and it
can be evaluated simultaneously comparing pair
between the evaluated alternatives. Its limitation

is also valid to the DEMATHEL based approaches
(Ho et al., 2012) and comparison between fuzzy
numbers (Sarkar & Mohapatra, 2006). The artificial
neural network based methodologies (Aksoy &
Oztiirk, 2011) difficult supplier evaluation by
request an over data historic information to adjust
the computational models internal parameters. In this
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way, it had been verified that most part of literature
approaches found to support supplier development
is not entirely appropriated to this problem domain
because the usage of inappropriate techniques.

Other important aspect in supplier performance
evaluation refers to the adopted criteria (or performance
indicators). The performance in supplier evaluation
criteria considers quality, delivery, cost, environment
aspects, risk, potential for collaboration and others
related factors. As shown in Chart 2, in the most part
of studies the criteria are grouped by performance
dimensions that represents the considerate perspectives
of evaluation.

In some studies, there are combined performance
dimensions into a two-dimensional matrix of
classification, composed by four quadrants. Each
quadrant has a supplier classification and it addresses
actions to be taken. This kind of method application
examples are presented in Sarkar & Mohapatra
(2006), Ho et al. (2012), Rezaei & Ortt (2013)
and Osiro et al. (2014). Another applied approach
consists in a general supplier ranking ordered by all
performance criteria. In this case, the methodology
helps to identify the bests and the worse supplier,
but it does not suggest taking actions. Examples of

this approach are the studies of Liou et al. (2014)
and Sahu et al. (2014).

A limitation that affects all methodologies for
supplier performance evaluation, analyzed by this
study, is the lack of link with supply chain evaluation.
Since its supply chain performance evaluation includes
focus in business performance related aspects, its
clients and key suppliers. The integration between
the supply chain performance evaluation and supplier
performance evaluation is highly desirable. To make
it happen, it must have a standard language and a
link with the performance indicators applied in
both systems. A way to overcome this limitation is
the use of SCOR® model indicators in the supplier
evaluation.

2.3 The SCOR® model

The SCOR® (Supply Chain Operations Reference)
is a reference model related to business process,
performance metrics and supply chain management
best practices to support the decision-making,
evaluation, activities comparison and performance
of these supply chains. The application of SCOR®
model covers any kind of industry, describing simple
or very complex supply chains because its flexibility.
The section aimed to supply chain performance

Chart 2. Supplier performance evaluation applied criteria and dimensions.

Author(s) | Performance dimensions Criteria
Capability Price, Fielivey, quality, reserve capacity, geographical location,
) financial position
Rezaei & - - — -
Ortt (2013) Commitment to quality, communication openness, reciprocal
Complacency arrangement, willingness to share information, supplier’s effort in
promoting JIT principles, long term relationship
Alerman Environmental factors Gre?n design, pollution prevention, green image, green capability,
(2014) environmental system
Performance Delivery, quality, cost, service
Matching Information sharing, relationship, flexibility
Liouetal. |Cost Cost saving, flexibility in billing
(2014) Quality Knowledge and skills, customers’ satisfaction, on-time rate
Risk Loss of management control, labor union, information security
. . Commitment to improvement and cost reduction, ease of
Collaboration potencial - . o . e
Osiro et al. communication, financial capability, technical capability
(2014) Deliver Delivery reliability, price performance, quality of conformance,
Y problem resolution
Organizational capacity Volume flexibility, scale of production, information level
Sahu et al. | Service level Price rate, delivery time, delivery-check qualified rate
(2014) Cooperation degree On-time delivery rate, average order completion ratio
Environmental factors Content of hazardous substances, energy consumption, harmless rate

Source: Author.
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management of SCOR® provides a large amount of
metric sets to evaluate results of the whole chain.
The subdividing of these metric sets are gave into
performance attributes and performance indicators,
and a level structure is responsible to a hierarchically
sort. Chart 3 describes the composition of the
hierarchy by five performance attributes related to
reliability, responsiveness, agility, cost and asset
management (Ganga & Carpinetti, 2011).

Performance attributes shown in Chart 2 express
a certain strategic orientation and it is not measured.
Performance indicators related to each attribute
measures the ability to achieve these strategic
orientations, as shown in Figure 2. The distribution
of indicators are made along level 1, 2 and 3 of the
hierarchy (SCC, 2012). Although Figure 2 presents
only level 1 and 2 metrics.

One of the main advantages by using SCOR®
indicators refers to the possibility to compare a business
performance and its immediate supply chain related
to other chains, setting realistic goals to support its
strategic way. SCOR® provides support to supply
chain global benchmarking by an online database
called SCORmark that contains historic data from
more than 1.000 business and 2.000 supply chains.

Chart 3. Performance attributes of SCOR®.

In order to facilitate the benchmarking, SCORmark
allows stratifying a supply chain performance by
three placements. Superior refers to a data median
related to a percentage of 10% of the best qualified
in the total of evaluated supply chains. Advantage,
which is the midpoint performance between the
Top 10 business, and the median of all evaluated
supply chains. Finally, parity, which is the median
of all evaluated supply chain (SCC, 2012; Ganga
& Carpinetti, 2011).

The SCOR® composition by a huge variety of
indicators turns the simultaneously monitoring of all
of it may request too many resources to data collect
and analysis. Because of it, the SCOR® recommends
the adoption of a balanced amount of indicators,
focusing mainly in critical process monitoring of
the supply chain operations. SCOR® also suggests
the application of some of its indicators in supplier
performance evaluation, as well as in the risk evaluation
and benchmarking (SCC, 2012). Anyway, it is noted,
analyzing literature studies, that all quantitative
SCOR® indicators based methodologies focus to
support supply chain performance evaluation (Ganga
& Carpinetti, 2011; Agami et al., 2014).

Reliability Refers to doing tasks as client requirements and abilities.
Responsiveness It’s about tasks execution velocity.
Agili Refers to the velocity and to the ability of a supply chain to respond to market changes,
gility intending to earn or to maintain competitive advantage.
Cost Involves all operations costs related to a supply chain.
It’s about the ability to the efficiently use of fixed resources and working capital to attends
Asset management
costumers demand.

Source: SCC (2012).

External Internal
[ ] [ N ][ H ] [ ] Performance
Agilit Reliabilit R i Cost Asset .
: gility eliability esponsiveness 0s! sef attributes
Upside SC Overall Perfect order Return on Return on
flexibili value at risk fulfillment fixed assets working capital Level 1
Downside SC Upside SC Order fulfillment [ Total cost ] Cashioicailh indicators
daptability daptability cycle time foserve cycle time
-Upside source flexibility -Risk rating -Percentage of orders -Planning cost -5C fixed assets |
-Upside make flexibility -Value at risk (plan) deliveredin full -Sourcing cost
-Upside delivery flexibility -Value at risk (source) -Delivery performance to -Material landed cost -Days sales outstanding
-Upside return make -Value atrisk (make) customer commit date -Production Cost -Inventory days of supply
flexibility -Value at risk (deliver) -Accurate documentation -Order management cost -Days payable outstanding
-Upside return make -Value at risk (return) -Perfect Condition -Fulfillment cost Level 2
flexibility -Returr;s c::; . ™ indicators
‘Zm‘msl';_jf SOUToR: - Upside source ad: =Costol ghocks o -Accounts Payable
ADRP‘A _AIW i -Upside make adaptability -Accounts receivable
-Downside make N i ili -So le time
- . % -Upside deliver adaptability urce cyc! -Inventory
*SC = Supply Chain adaptal.nhtv . _Upside source return -Make cycle time
-Downside deliver adaptability -Delivery cycle time
adaptability ~Upside deliver return -Delivery retail J
adaptability cycle time

Figure 2. Metrics proposed by SCOR® model, version 11. Based in SCC (2012).
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2.4 Fuzzy inference systems

2.4.1 Fuzzy set theory background

Fuzzy set theory adequation to the modeling of
system which involves uncertainty and imprecision
is mainly due the defining degree of inclusion logic
(or pertinence) of elements in a fuzzy set. The fuzzy
logic models a fuzzy set A by a pertinence function
i, (x): X — [0.0, 1.0], to allow partial inclusion
levels. That is, the oppose of classical set theory,
where a set is defined by a characteristic function
#, (x): X— {0.0, 1.0}, the fuzzy set theory considerate
values at continuous interval [0.0, 1.0] to u, (x),
thus assuming the existence of intermediate levels
between belonging values “false” (0.0) and “true”
(1.0). This way, Equation 1 represents, each one of
the elements value of x-axis representation inside
fuzzy set domain A given by a crisp value (x) and
a belonging degree x, (x) (Zimmermann, 1991,
Pedrycz & Gomide, 2007).

A= {x, py(x)/xeX} @)

Fuzzy sets constitute fuzzy numbers and it attends
the geometrical convexity and normality properties.

u(x)
1.0

0.8 | /
06 | /

04 | /
0.2 | / \

00 m = 12

The definition of a fuzzy number morphology is
the behavior of x, (x) and permit the associated
imprecision quantification to given information.
As illustrates Figure 3, a triangular number’s vertex
are represented by /, m and u, being / < m < u. In case
of a trapezoidal number, as Figure 4, it uses a, m, n
and b vertex, being a<m<n<b (Lima et al., 2014b).

In decision making problems, fuzzy numbers
may be used to represent inaccurate judgments,
as “about 6”, or to model linguistic values as
“very low”, “low”, “medium”, “high” and “very
high”, as Figure 5 exemplifies (Lima et al., 2014b;
Osiro et al., 2014).

2.4.2 The fuzzy inference system proposed
by Mamdani & Assilian (1975)

Some resources of the fuzzy theory set combined
into a logic structure constitute a fuzzy inference
system (FIS). Mamdani & Assilian (1975) proposed
the first FIS and it has received many modifications
since its original version. As it can be seeing in
Figure 6, the composition of proposed FIS by Mamdani
& Assilian (1975) have five main elements in its

0if x<l

:1;_1!, if x€[lL,m]
Being pu,(x) = .
= if x€mou]

u-m

\ 0, ifx=zu /

Figure 3. Triangular fuzzy number. Source: Lima et al. (2014a).

uro) 7= = 0, if x<a
/

08 | / \ x—a if x € [am]

| \ =
06 | / \ -

i s \ Being ug(x) = 1, if x€[mmn]

04 | / \

‘ / b—x .
02 | / \\ 7 x€nb]

| /

3 \b

00 === TTTTX 00 ifx=b

Figure 4. Trapezoidal fuzzy number. Source: Lima et al. (2014b).
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structure: fuzification interface, base rules, inference
mechanism, database and defuzification interface.

When a numeric value set inputs in a FIS, the
fuzification process converts each value into one
or more fuzzy partitions. In decision-making and
performance evaluation problems, such partitions
usually correspond to linguistic terms (Osiro et al.,
2014). Considering the example in Figure 4, suppose
that a supplier performance related to quality is
represented by the score 6.0. When it is presented
to the system and converted to a linguistic format,
it value may be considered “high” with a pertinence
level i, (x) equals 0.4, and simultaneously will be
considerate “medium” with x,, (x) equals 0.6. It is

K(x) My my My my Myy
.0 L ’° N
HE - = 3 ’
08 i, LA ’
P R .
0.6 : % “ . \Ny/
t VL % L 7 M / H
04 s -t 4
: % /
: . . / \
02 " ’ :
. Y . \
o 18" Uyr®,, | urs, /1y Uyp, Uy o "
1.00 2.00 3.00 4.00 5.00
masnmVeryLow — eeeeees Low = + =Medium
= = High = Very High

Figure 5. Example of linguistic values scale. Source:
Lima et al. (2014b).

Inference

mecanism

If-then base rules

Fuzification
Defuzification

Database

Figure 6. Structure of inference system proposed by
Mamdani & Assilian (1975). Source: Osiro et al. (2014).

Input
variable

Linguistic Logic
term  conector

| |
|l LL| 1

noteworthy that such representation doesn’t refers
to a probabilistic situation, since it’s assumed that
the value 6.0 belongs in fact to the high values set
and simultaneously belongs to the mid-values set.

After the fuzification, fuzzy values are applied
to a set of inference rules, establishing cause-effect
relations between the input and output variables.
The activation of inference rules will happen to
that which best represent the input fuzzy values,
thereby determining a set of hypothesis about the
behavior of modeled problem. Figure 7 illustrates an
inference rule structure with two input variables and
one output variable. These rules have an “if-then”
kind structure, in other words, in the first part of
the rule a set of preceding conditions are defining,
which describes a specific scenario inside the
modeled problem, and, in the second part, system
answer is specified as what it should be to the output,
compared to the previously presented condition.
The next process step is the grouping the fuzzy set
results of activated rules in an only set to generate
the system output. Finally, the aggregation of the
resultant fuzzy set and its conversion into a crisp
value using a defuzification operator. After this,
comes the presentation to the user of the system.
(Mamdani & Assilian, 1975; Pedrycz & Gomide,
2007; Osiro et al., 2014).

In fuzzy inference systems, the operators used
in data manipulation includes t-norma, t-conorma
(or s-norma) operators, composing operators,
aggregation operators and defuzification ones.
The t-norma operators generalizes the aggregation
operations between fuzzy set based in the logic
connector “AND” during the processing of the
antecedent part of inference rules. The most used
operators in this case are the “minimum” operator and
the “algebraic product”, as represented respectively
by the Equations 2 and 3 (Pedrycz & Gomide, 2007;
Osiro et al., 2014).

pa (x) AND pg(y) =min{p,A(x), uB(y)} 2)

ta (x) AND pg (y)= pa(x) -ug(y) (3)

Output
variable
|

I I
IFI“VARIABLF,_i "=“MEDIUM” AND “VARIABLF._Z":“HIGH"' THEN ;‘OUTPUT_VARIABLE”:“VERY GOOD’;

T
Previsiously conditions set

I
Consequency

Figure 7. Example of inference rule. Source: Lima et al. (2014b).
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In each activated inference rule, after the
previously parts logic operations computing, the
inference mechanism creates an implication relation
R between the resultant fuzzy set of logic operations
and the rule consequent. It is considerate the use of
the “algebric product” and “minimum” operators
in this step. Each rule output is determined after a
relation-composing operator, which uses the relationship
between a single set (created at fuzification) and
the implication relation R. To this function, it has
usually used the “max-min” operator, showed in
Equation 4. The came contribution from the rules
(#4,, (x)) must be aggregated in a single fuzzy set
using an aggregation operator, as the “maximum”
operator, represented in Equation 5 (Lima et al.,
2014b; Osiro et al., 2014).

SoR(x,y)= max{min(uS (x,y).ng (y,z))} 4
AG() =gy ()t () ootin ()] 9)

To have the final output of the fuzzy inference
system, the defuzification interface converts the
resultant fuzzy value from the aggregation of the
activated rules to a crisp value. The center of area
operator is widely used in defuzification because
it has a large commitment with the solution, since
it considerate fuzzy regions with low pertinence
values during the calculus of crisp output value
(Altrock, 1995). Equation 6 shows the defuzification
operator center of area, which » is the number of
discretization in fuzzy set A (Osiro et al., 2014).
Aiming to synthetize the FIS working steps proposed
by Mamdani & Assilian (1975), the Chart 4 summarizes
the presented algorithms steps.

CDA = M (6)
Zk:h (Xk )

3 Methodological procedures

Following the classification proposed by Bertrand
& Fransoo (2002), the characterization of this research
is descriptive quantitative based in modeling and

simulation. In this kind of research, there are used
quantitative models based in a variable sets which
represents a specific problem domain and have
causals and quantitate relationships. Following the
definitions proposed by Pidd (2004), the simulations
done in this study are classified as discrete, statistical
and deterministic. The research steps are organized
as follow:

i. Bibliographic research: The bibliographic
research sourced theoretical basis to the
conception, modeling and application of
the methodology proposed in this research.
This step involved the analysis of suppliers
evaluation and fuzzy inference papers, as
well the performance measurement section
of SCOR® model (SCC, 2012);

ii. Modeling and simulation: To computational
systems building, it was used the fuzzy toolbox
from the MATLAB?® software. The development
and parameterization of four inference
systems used opinions from specialists of an
automotive industry. These specialists also
provided judgments related to a supplier
have set performance in comparison to the
performance-adopted criteria. The application
of these values had used in the methodology
pilot application;

—_

iii. Sensibility analysis: To check the consistency
of results provided by the system, it was made
a sensibility analysis of the four systems by
the analyzing a set of answer surface charts.
This analysis had also permitted to identify
the most relative important evaluation criteria

(or weight).

4 Proposed methodology to support
supplier performance evaluation

Figure 8 illustrates the methodology proposed by
this study to support supplier performance evaluation
and three steps compose it. In step 1, supplier

Chart 4. Algorithms steps from fuzzy inference system proposed by Mamdani & Assilian (1975).

Begin

<2> To fuzzify the input values;

End

<1> To present a crisp values entrance to input variables;

<3> To verify which inference rules are activated by fuzified input values;

<4> To determine each inference rule output using the consequent linguistic terms;

<5> To combine individual contribution of all the activated rules to produce a final answer;
<6> To defuzzify the resultant fuzzy set of step <5> to present a crisp value output;

Source: Author.
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Step 1: Cost evaluation

Material landed cost |

SUHD Su3 system 1 T ——
__________________________________________________________________________ s e e e A
. . 1 .
Step 2: Operation’s performance evaluation ' Step 3: Supplier
! categorization
1
Orders delivered in full | !
]
Delivery performance :
to commit date - ! p
'
@
perfect condition gyztent 2 ) 1 n
P g
Documentation Reliability | ! g Adequated Necessity of
accuracty = [ = supplier cost reduction
Inference Operations 8.
system 4 performance H—
Upside source H g 1] [\
adaptability J Agility [ = Necessity of
[ operation’s Must be
1
Downside s.{_)urce system 3 : 8- § improvement replaced
adaptability ' o
' < >
Perfect condition | ! 0 Llow High 1
1
! Cost
: \ J
i |
1
'
'

Qualifying matrix

Figure 8. Proposed methodology to support supplier performance evaluation. Source: Author.

achieved performance related to the performance
dimension “cost” has an individually evaluation
based in three criteria. In step 2, the objective is to
evaluate the same suppliers related to the dimension
“operations performance” based in the combination
of eight criteria. The adopted evaluation criteria
consists in all level 2 performance indicators from
SCOR® whose are turned to the supplier management
(SCC, 2012). Chart 5 describes each one of those
criteria and points the associate attribute where
each criteria is associated in SCOR®, its respective
suggested measure unities and suggested defining
domain (discourse universe).

Step 3 uses supplier achieved performance values
obtained in steps 1 and 2 to categorize them in a
two-dimensional matrix, where each quadrant represents
a group of suppliers. A supplier categorization in a
specific group suggests the adoption of a management
guideline indicated to that group.

The use of the proposed methodology requires
the building and parameterization of four fuzzy
inference systems (FIS). FIS 1 is charged to calculate
the achieved performance by each supplier in “cost”
dimension based in input variables “material landed
cost” (C)), “return cost” (C,) and “sourcing cost (C,).
FIS 2 calculates the “reliability” performance from
the achieved values in “orders delivered in full” (C),
“delivery performance to commit date” (C), “perfect
condition” (C,) and “documentation accuracy”

(C)). FIS 3 calculates the “agility” performance
considering “upside source adaptability” (C)),
“downside source adaptability” (C,) and “supplier
risk rating” (C,)). FIS 4 calculates the supplier’s
“operations performance” based in FIS 2 and 3
output values.

An analyst or a manager who have domain in the
fuzzy inference technique may do the computational
systems implementation. In this study application,
the base of computational implementation is
many empiric tests using the software MATLAB®.
The chosen fuzzy logic operators are:“minimum”
operator (Equation 2) is used to operationalize
the connective “AND” from inference rules and
to generate the implication relations between the
previously and consequences of inference rules;
the “max-min” operator (Equation 4) is used to
compound the implication relations relationships
and the singleton sets generated in fuzification; the
operator “maximum” (Equation 5) was chosen to
aggregate the generated fuzzy set in each activated
inference rule’s output; the “center of area” operator
(Equation 6) was adopted to defuzificate the aggregated
fuzzy set and to generate the system’s output value.

The base of parameterization in the inference
systems is the allocation of buyer’s employees, like
the areas of logistics, quality and purchase. These
specialists function during the parameterization
consists in: (1) to support the choice of quantity
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Chart 5. Supplier evaluation adopted criteria details.
Performance | SCOR® Evaluation Description Unity Domain
dimension | attributes criteria
Material buying associated costs and
Material landed | available in place of use, including S [1: 100,000]
cost (C)) buying cost, freights, insurances, taxes T
and importation costs, in case its exists
§ Cost Returned materials total cost because
@) Return cost (C,) planning errors, supplier quality, $ [1: 100,000]
production, orders management and
delivery
Sourcing cost (C,) Order manage.:ment, inspection and 5 [1: 100,000]
3 | storage associated costs
Orders delivered | Received orders percentage which every % [1: 100]
in full (C) items are in agreed quantities ’
pDeilfIZ:nrl};lnce to Perceqtage of orders delivered in % [1: 100]
| commit date (C.) committed date
Reliability > : :
Perfect condition Percent.age of ordf?rs dghvered according
©) to requirements with little or no % [1; 100]
3 0 breakdown
g Documentation Percentage of orders delivered with little
g . . % [1; 100]
5 accuracy (C) or no errors in documentation
E Maximum raising percentage in
oy Upside source purchased and received materials that % [1: 100]
_E adaptability (C,) | can be achieved and sustained for 30 ’
E days
2 Reduction percentage in raw materials
= Downside source | that can be achieved before the delivery o [1: 100]
Agility | adaptability (C)) |and can be sustained for 30 days, ’ ’
without costs impact
The sum of probabilities of risk events
L which impacts in supply chain processes
f;ﬁ?gll?én)s K (plan, source, make, delivery and return) S [1; 100,000]
10 multiplied by the monetary impact of
these events

Source: Author.

of linguistic terms used to model each variable;
(2) help to define the morphology and numerical
values of each used linguistic term; (3) to define
the linguistic consequent term of each one of used
inference rules. Those adjusts may be done only
during the proposed methodology implementation.
During it implementation, the chosen supplier must
be evaluated and estimate its score in each one of
the used criteria. After, FIS 1, 2 and 3 receives these
estimative. As in all of these systems, the discourse
universe of all input variables is defined in interval
[0, 1], the suppliers score values must be adjusted
using the Equation 7.

o,
i _Aax(xl,xz,..,xn) ™

After inference system data processing, the
achieved performance values to each supplier related

to dimensions “cost” and “operations performance”,
respectively calculated by FIS 1 and 4 and they are
used in a qualifying procedure. In case of “cost”
dimension, if the performance value is less than
0.5, this one will be considerate “high”. If it is
situated in the interval [0.5, 1.0], the classification
is “low”. However, in the dimension “operations
performance”, if the performance is less than 0.5,
it’ll be considerate “low”. In the other hand, a
performance value between the interval [0.5, 1.0]
will be classified as “high”. As Figure 8 illustrates,
combination of classifications by a two-dimensional
matrix allows suppliers qualification and categorization
in four groups. According the categorization
results, action plans must be developed based in the
following guidelines (Sarkar & Mohapatra, 2006;
Osiro et al., 2014):
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e Group I: Since the operations performance is
high and the cost is low, it can be concluded
that the supplier attends buyers expectative.
By this side, the efforts must be focused in the
relationship maintenance between buyer and
supplier. These group suppliers also can be
developed aiming collaborative partnerships
creation to critical items co-development;

* Group II: As operations development is
high, but the cost is also high, cost reduction
programs adoption are suggested. In this case,
the following steps can be followed: (1) cost
related criteria identification whereas it has an
under-performance by the supplier; (2) identifying
high costs causes by process analysis using value
stream map and cost mapping; (3) cost goals
reduction negotiation related to each criteria;
(4) action plans elaboration, implementation
and monitoring with the target of cost reduction
in critical processes;

e Group III: Although it is a low cost, the
operations performance is low too, which
indicates that the supplier needs its operations
improvement. In this hand, the following actions
are suggested: (1) identifying criteria requesting
results improvements; (2) critical processes
investigation related to those criteria and its
under-performance causes; (3) continuous
improvement of critical processes to the
operations results by developing, implementation
and monitoring programs;

*  Group IV: As supplier presents unsatisfying
scores in both performance dimensions, the
development programs adoption is not shown as
viable. Because of that, the supplier replacement
is recommended.

4.1 Pilot application

The proposed methodology was applied in a pilot
of an automotive industry. The company has a huge
supplier base in compounds and produces parts for
low-weight cars. The estimative of criteria listed
in Chart 5 were filled based on estimative from
two active employees of purchase and logistics
department, and they sourced about 10 suppliers
performance related to these criteria. The judgment
of employees was also considered to support fuzzy
variables and parameterization of the inference
rules. It was defined three linguistic terms to each
input variable and five linguistic terms to each

output, based in Altrock (1995) and Lima et al.
(2014b). Following the study of Ganga & Carpinetti
(2011), it was used triangular and trapezoidal fuzzy
numbers. Table 1 presents the linguistic terms, the
morphologies and the numeric parameters adopted
to the pertinence functions modeling of input
variables from FIS 1, 2, 3 and 4. Table 2 details
the pertinence functions used in the outputs.

The consequent of each inference rule was
defined as the judgments of business employees.
The quantities of inference rules presents at FIS 1,
2, 3 and 4 are, respectively, 27, 81, 27 and 25, total
of 160 rules. Some of FIS 1 parameterized rules
are presented in Chart 6. After the building and
parameterization of the four systems, 10 business
suppliers had its scores estimated to all the nine
criteria. The values of these scores were normalized
using Equation 7, resulting in values shown in
Table 3.

The performance score of each evaluated supplier
was calculated by the values of inference systems 1,
2 and 3, presented in Table 3. Table 4 presents the
performance scores obtained by inference process.
Figure 9 illustrates FIS 1 inference process to supplier
S,. In this figure, each line represents a decision
rule of FIS 1, where the first three left columns
refers to input variables and its respective linguistic
terms, meanwhile the fourth column refers to output
variable. The yellow region represents fuzzy sets
activated by supplier 1 scores. The blue region in
the last column refers to the fuzzy set generated
by each activated rule. Taking the supplier S, as
example, to the input scores 0.52, 0.36 and 0.4,
the rules 11, 14, 20 and 23 are activated. When the
resultant fuzzy set by each rule are aggregated, a
fuzzy output region is generated (represented in
the last line of the last column), which, after it
being defuzified, returns the value 0.513.

The scores of “cost” and “operations performance”
dimensions were used to categorize the criteria
according to step 3 procedure. Table 5 presents
the categorization results and the recommended
actions to each supplier. Figure 10 illustrates
these results into a qualifying matrix. Suppliers
$,S8,58,8,8,¢eS,, were classified in group L.
As they’re attending buyer’s expectative related
to both performance dimensions, the buyer must
maintain the relationship with them and considerate
them as priorities partners during new products
development. The supplier S, was classified in
group II, because it got a good performance in
operations but with high costs. In this case, action
plans could be elaborated aiming to identify the
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Chart 6. Inference rules of the FIS 1.

Rule IF THEN
Material landed cost “AND” Return cost “AND” Sourcing cost Cost
1 Low Low Low Very Low
2 Low Low Regular Low
3 Low Low High Regular
4 Low Regular Low Very Low
5 Low Regular Regular Low
6 Low Regular High Regular
7 Low High Low Regular
8 Low High Regular Regular
9 Low High High High
10 Regular Low Low Low
11 Regular Low Regular Regular
12 Regular Low High High
13 Regular Regular Low Regular
14 Regular Regular Regular Regular
15 Regular Regular High High
16 Regular High Low Regular
17 Regular High Regular High
18 Regular High High Very High
19 High Low Low Regular
20 High Low Regular High
21 High Low High High
22 High Regular Low Regular
23 High Regular Regular High
24 High Regular High Very High
25 High High Low High
26 High High Regular Very High
27 High High High Very High
Source: Author.
Table 3. Normalized supplier scores.

Supplier C, C, C, C, C, C, C, C, C, C,
S, 0.52 0.36 0.40 0.80 0.55 0.92 1.00 0.60 0.40 0.78
S, 0.35 0.32 0.30 0.95 0.99 1.00 1.00 0.70 0.60 0.32
S, 0.88 0.75 0.40 1.00 0.22 0.60 0.90 0.90 1.00 0.55
S, 0.20 0.10 0.60 0.98 1.00 0.95 1.00 1.00 0.85 0.25
S, 0.48 0.30 0.35 0.72 0.50 0.90 0.70 0.70 0.30 0.95
S, 0.43 0.10 0.10 0.40 0.70 1.00 0.95 0.95 0.10 0.15
S, 0.10 0.12 0.20 0.84 0.25 0.75 1.00 1.00 0.50 0.60
S, 0.13 0.05 0.03 0.27 0.20 0.45 0.70 0.70 0.55 0.82
S, 0.26 0.12 0.10 0.68 0.75 0.82 0.52 0.52 0.80 0.05
S 0.45 0.30 0.30 0.99 1.00 1.00 0.80 0.80 0.95 1.00

=

Source: Author.

contribution factors to high costs by the process
and critical activities analysis.

Suppliers S, and S, had presented low costs,
but it did not meet operations performance related
expectative. So, the suppliers were classified in group

III. To enhance those results, action plans must be
elaborated, aiming the continuous improvement
of critical process related to supplier reliability
and/or agility. Supplier S, presents an unsatisfactory
result in both performance dimensions and it was
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Table 4. Performance values calculated by inference systems.

Supplier FIS 1 FIS 2 FIS 3 FIS 4
S, 0.513 0.802 0.268 0.514
S, 0.457 0.937 0.658 0.817
S, 0.816 0.596 0.700 0.441
S, 0.480 0.937 0.841 0.834
S, 0.472 0.619 0.219 0.265
S, 0.320 0.800 0.500 0.717
S, 0.268 0.665 0.498 0.524
S, 0.207 0.407 0.218 0.233
S, 0.317 0.690 0.719 0.568
S, 0.448 0.937 0.553 0.772
Source: Author.
Table 5. Categorization results of the evaluated suppliers and suggested actions.
Cost Classification Operations Classification ~ Group  Suggested guideline
performance performance
S, 0.513 High 0.514 High II Needs cost reduction
S, 0.457 Low 0.817 High I Adequate supplier
S, 0.816 High 0.441 Low v Must be replaced
S, 0.480 Low 0.834 High I Adequate supplier
S, 0.472 Low 0.265 Low I Needs operations
improvement
s 0.320 Low 0.717 High I Adequate supplier
; 0.268 Low 0.524 High I Adequate supplier
s 0.207 Low 0.233 Low I Needs operations
improvement
S, 0.317 Low 0.568 High I Adequate supplier
S 0.448 Low 0.772 High 1 Adequate supplier

Source: Author.

classified into group IV. Facing the high amounts
of efforts and resources required to this supplier
development, it is suggested the supplier substitution.

4.2 Sensitivity analysis

By using surface charts, the sensitivity of the
four inference system was analyzed. The analysis in
these charts is represents by a function that allows
the evaluation of interaction effects between a
criteria and the surface answer consistency of the
computational model (Lima et al., 2014b). Figure 11
presents some of generated surface graphics during
the sensitivity analysis. Figure 11a shows FIS 1
answer surface generated by the interaction of criteria

“return cost” and “sourcing cost”. Figure 11b shows
FIS 3 answer surface generated by the interaction of
“upside source adaptability” and “downside source
adaptability”. Figure 11c shows the answer surface
of FIS 2, created by the interaction of “delivery
performance to commit date” and “orders delivered
fulfillment”. Also, in Figure 11d the answer surface
determinates the interaction between “agility” and
“reliability”.

Analyzing Figure 11a, it is noted that the weight of
the “return cost” criteria is higher than the “sourcing
cost” criteria, because, as the “return cost” raising
conducts to a constant elevation of “cost” dimension
performance, the “sourcing cost” values only affects
the answer of the system when it is higher than
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0.50. Figure 11b shows that the “downside source
adaptability” and “upside source adaptability”
criteria are similar and contribute in a similar way to
the final score value in “agility”. Figure 11c¢ shows
that the “delivery performance to commit date” and
“orders delivered fulfillment” are also similar. It’s
also possible to note that the answer value of FIS
2 will be highly dependent of other criteria always
when “delivery performance to commit date” or
“orders delivered fulfillment” present a performance
score under 0.50. In the analysis of Figure 4d, it
is suggested that the “operations performance” is
considerate very low when a supplier performance
related to “agility” is closer to zero, even if it has a
very good “reliability”.

The results of sensitivity analysis show that
every chart presents answer surfacing as increasing
monotonic functions, indicating that a raising value
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Figure 11. Answer surface charts of FIS 1 (a), 3 (b), 2 (c) and 4 (d). Source: Author.

in an input variable will always produces a positive
and non-linear effect in the output variable. Since
the results behavior depends directly of inference
system parameterization and its decision-making,
the obtained answer surfaces reinforces the operator
adequation and choose of fuzzy values, as well as
the consistency of suppliers estimated performance
values.

5 Conclusion

This study presented a new methodology to
support supplier performance evaluation, developed
by the combination of the indicators of SCOR®
model and fuzzy inference systems. The proposed
approach allows evaluating costs and operations
related aspects. The results of its evaluation are
used to group suppliers with similar results and to
determine the guidelines to supplier management.
In comparison with other existents methodology
in literature, the proposed methodology presents
as advantages:

i. Guidelines for supplier base: Differently from
the proposed studies by Bai & Sarkis (2011),
Shirinfar & Haleh (2011), Zeydan etal. (2011),
Hsuetal. (2014), Liou et al. (2014) and Sahu et al.
(2014), this study uses a categorization procedure
that allows to identify suppliers that must be
replaced or needs attention. Depending of the
supplier categorization, actions are suggested,

.o
11.

iii.

like the creation of cost reduction programs
or the development of programs aiming the
operations improvement;

Align with supply chain performance evaluation
and benchmarking: This study is the first
one to adopt SCOR® indicators in supplier
performance evaluation. This methodology is
the only one that allows the direct integration
with supplier evaluation results and the supply
chain performance evaluation. Furthermore,
the use of SCOR® indicators incorporates a
standard language to the proposed methodology,
making possible to the buyer compares its
performance level with other supply chain
businesses using the global benchmarking
database SCORmark;

Capacity to evaluate simultaneously a
non-limited number of suppliers: instead
the comparative approaches based in AHP
(Park et al., 2010), fuzzy AHP (Rezaei &
Ortt, 2013), ANP (Lee et al., 2009,; Hsu et al.,
2014), fuzzy ANP (Shirinfar & Haleh, 2011)
and grey ANP (Dou et al., 2014) techniques,
which allows the simultaneously evaluation of
a few suppliers, the proposed method is not
limited by the number of evaluated suppliers.
Furthermore, to evaluate n suppliers performance
related to a criteria, while the comparative
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approaches requires n(n-1) judgments, the
proposed methodology requires just # judgments,
which contributes to make more agile the data
collection and suppliers evaluation;

iv. Information modeling approximation by
linguistic representation and values processing:
the use of variables represented by fuzzy
pertinence functions is very useful to model
qualitative criteria or the tough-measurable
ones, as well to quantify the decision-taker
opinion to an associated imprecision in the
supplier evaluation. Techniques as DEA
(Zeydan et al., 2011) and artificial neural
networks (Asoy & Oztiirk, 2011) uses crisp
numeric values to data representation, witch
unfeasible qualitative criteria use and doesn’t
considerate the inherent imprecision to human
judgment’s obtained values;

v. Mapping of all possible scenarios by decision
rules: the base rules of each system explicit all
the possible scenarios to the modeled problem,
allowing “to see” performance evaluation
situations by different perspectives. The use
of a base of parameterizable rules also permits
to the decision-taker, intuitively to define
the weights of the used criteria. In this way,
in contrary of the traditional multi-criteria
techniques, fuzzy inference systems allow to
map the non-linear behavior of the variables
and to store them internally;

[~

vi. Data interpretation: the base rules and its
variables are parameterized by linguistic values
with an easy interpretation, providing a better
comprehension of the modeled problem to
the decision-taker. It is not possible in neural
networks based approaches (Aksoy & Oztiirk,
2011), since its models work as a black box
without user interface and stores the knowledge
about the problem using an uninterpretable
numeric format.

Some implications to this proposed implementation
in future applications are: (1) the suggested discourse
universes to each criteria must be adjusted according
to the business reality; (2) although in this study it
had been used 160 inference rules, inference systems
also may be implemented just by using the main rules,
reducing the implementation and parameterization
efforts; (3) in step 3, the adopted threshold to classify
performance as “low” or “high” must be adjusted as
the requirements of the buyer. Future researches may
integrate this new methodology to the supply chains

performance evaluation and to do benchmarking
using the SCORmark database information. Future
studies can also the fuzzy inference technique to
evaluate the achieved results by supplier development
programs and cost reduction initiatives.
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