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Abstract 
Process capability indices (PCIs) provide numerical measures on whether a process confirms to the defined capability 
prerequisite. They have been used to measure the ability of process to decide how well the process meets the 
specification limits (SLs). The PCIs have been successfully applied by companies for evaluating the quality and 

productivity performance. In this paper, one of the most important PCIs, process incapability index ppC  that 

provides more process information than other PCIs is analyzed together with the indices inaccuracy iaC  and 

imprecision ipC  under uncertainty. When there are some uncertainties in process parameters, traditional PCIs 

have failed to summarize process performance. Therefore the fuzzy set theory (FST) can be employed to overcome 
this problem. In this paper, the index ppC  is analyzed by using the FST to obtain more sensitiveness and a deep and 

flexible analysis. The fuzzy estimations of the index ppC  are derived for both of triangular and trapezoidal fuzzy 

numbers. The obtained fuzzy incapability index ppC  is applied in a decision making process to determine the 

most appropriate supplier among alternatives for a construction firm in Turkey. 

Keywords: Process incapability index, inaccuracy index, imprecision index, fuzzy set theory, decision making

1. Introduction 

Understanding the structure of a process and 
quantifying process performance no doubt are 
essential for successful quality improvement 
initiatives. Process capability analysis has become 
an important and well-defined tool in applications 
of statistical process control (SPC) to a continuous 
improvement of quality and productivity. The 
relationship between the actual process 
performance and the specification limits (or 

tolerance) may be quantified using suitable process 
capability indices. Process capability indices 
(PCIs), in particular pC , aC , pkC , pmC , and pmkC ,
which provide numerical measures of whether or 
not a manufacturing process is capable to meet a 
predetermined level of production tolerance, have 
received substantial attention in research activities 
as well as an increased usage in process 
assessments and purchasing decisions during last 
two decades. The first process capability index 
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appearing in the engineering literature was 
index pC . This 

index considers the overall process variability 
relative to the manufacturing tolerance as a measure 
of process precision (or product consistency) (Kane, 
1986; Kotz and Johnson, 1993; Wu et al., 2009):

6p
USL LSLC (1) 

where  is the process standard deviation, USL
and LSL  are the upper and the lower specification 
limits (SLs), respectively.  

Since the index pC  cannot provide an assessment 

of process centering (targeting), the index pkC  was 
considered. The standard definition is of the index 
pkC as follows ((Kane, 1986; Kotz and Johnson, 

1993; Wu et al., 2009)): 

min ,
3 3pk

USL LSLC  (2) 

The index pkC  was developed because pC  does 
not adequately deal with cases where process mean 

 is not centered (the mean does not equal to the 
midpoint m). However, pkC  by itself still cannot 
provide an adequate measure of process centering. 
That is, a large value of pkC  does not provide 
information about the location of the mean in the 
tolerance interval USL LSL . The pC  and pkC
indices are appropriate measures of progress for 
quality improvement situations when reduction of 
variability is the guiding factor and process yield is 
the primary measure of a success. However, they 
are not related to the cost of failing to meet 

-known 
pioneer in the quality control, G. Taguchi, on the 
other hand, pays special attention on the loss in 
product's worth when one of product's 

value T (target value). To take this factor into 
account, the index pmC  was introduced. The index 
is geared towards measuring the ability of a process 
to cluster around the target, and reflects the degrees 
of process targeting (centering). The index pmC
incorporates the variation of production items 
relative to the T and the SLs. The index pmC  is 
defined as follows ((Kane, 1986; Kotz and Johnson, 
1993; Wu et al., 2009)): 

226
pm

USL LSLC
T

(3) 

PCIs fitting for nominal-the-best type quality 
characteristics are effective tools to assess process 
capability since these indices can reflect a centering 
process capability and process yield adequately. 
The index ppC  provides additional and individual 
information concerning the process accuracy and 
the process precision. It has been widely used to 
provide numerical measures on whether a 
production is capable of producing items within the 
SLs preset by the designer (Chen and Chen, 2008).  

In this paper, this index is analyzed under fuzziness. 
Zadeh (1965) introduced the fuzzy set theory (FST) 
that is a branch of mathematics that allows a 
computer to model the real world in the same way 
that people do to overcome some uncertain and 
vague concepts in variables. The FST has a wide 
application in many fields such as industrial and 
production management (see Kahraman et al., 
2006) since it provides a simple way to reason with 
vague, ambiguous, and imprecise input or 
knowledge. The FST has also been applied in
process capability analysis to provide more 
information and more sensitiveness on PCIs. The
FST brings an advantage to easily define main 
characteristics of PCIs by using linguistic variables. 
Although PCIs have been analyzed under fuzziness, 
the literature has no research about fuzzy estimation 

of process incapability index ppC . So this paper 

investigates the index ppC  by obtaining fuzzy 

estimations of inaccuracy index iaC  and 

imprecision index ipC . The fuzzy estimations of 

the index ppC  are produced for both of triangular 
fuzzy numbers (TFN) and trapezoidal fuzzy 
numbers (TrFNs) by using fuzzy specification 
limits SLs , fuzzy mean , fuzzy variance 

2 and fuzzy target value T . The proposed 

fuzzy indices are used in a decision making process 
to determine the most appropriate supplier for a 
construction firm that is a multi-criteria decision 
making problem. However, only quality is 
considered for this problem by taking into account 
the index ppC . Since we have an assumption that 
the suppliers are equivalent in terms of other 
criteria other than quality (i.e. price, delivery 
performance etc.). 

The rest of this paper is organized as follows: The 
process incapability index is briefly introduced in 
Section 2. The fuzzy estimations of process mean 
and variance are obtained and the -cuts of fuzzy 
estimations with fuzzy data for iaC , ipC  and ppC
are produced in Section 3. Section 4 includes a real 
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case application to a supplier selection problem by 
using the index ppC . The conclusions and future 
research directions are discussed in Section 5. 

2. Process Incapability Index 

Greenwich and Jahr-Schaffrath (1995) defined the 
index ppC  which provides an uncontaminated 
separation between information concerning process 
accuracy and process precision as follow: 

pp ia ipC C C (4) 

where the inaccuracy index 
2

ia
TC
D

 and 

imprecision index 
2

ipC D
. Thus, 

2 2

pp
TC
D D

(5) 

where  

*min ,
3 3

T LSL USL T dD  (6) 

The index ppC  can be widely used to summarize 
process performance since it simultaneously detects 
process inaccuracy and process imprecision by 
using both of the indices iaC  and ipC .

The index ppC  contains the information namely, 
inaccuracy (the departure of the process mean, ,
from the target value, T) and imprecision (the 
magnitude of the process variation, 2). Moreover, 
the index ppC  provides an uncontaminated 
separation between information concerning the 
process accuracy and precision. Often, PCIs are 
employed to assess process capability because the 
process accuracy is of significance. Therefore, this 
information separation is highly beneficial because 
it indicates to what degree the process inaccuracy 
contributes to the process being incapable of 
meeting the specifications. The index ppC  assumes 
a smaller value for a process more capable of 
meeting its specifications and a larger value for a 
less capable process. A process is most capable 
when 0ppC . For this, the process mean must be 
at the process target (  = T) and the process 

variance must be zero ( 2 = 0). Any non-zero value 
of ppC  indicates some degree of incapability of the 

process. Thus, ppC  is a process incapability index 
(Greenwich and Jahr-Schaffrath, 1995). Table 1 
presents the quality conditions and the 
corresponding ppC  values (Chen and Chen, 2008). 

Table 1 Classification of quality conditions 

Quality Condition
ppC

Inadequate 1.00ppC
Capable 0.56 1.00ppC
Satisfactory 0.44 0.56ppC
Excellent 0.25 0.44ppC
Super 0.25ppC

The index ppC  has been widely analyzed to provide 
numerical measures on whether a production is 
capable in the literature. Chen (1998a) proposed the 
uniformly minimum variance unbiased estimator 
and the probability density function of the index 
ppC . Pearn et al. (2002) developed a statistical 

hypothesis testing method based on the index ppC
to determine whether a given process meets quality 
requirements or not.  Huang et al. (2002) showed 
the relationship between process incapability index 
ppC  and process yield. Chen et al. (2005) 

determined the score index (Ri) and then applied it
to assess the process performance of contract 
manufacturer by using the index ppC . Chou et al. 
(2006) analyzed the results of a simulation study on 
the behavior of four 95% bootstrap confidence 
intervals which are standard bootstrap, percentile 
bootstrap, biased-corrected percentile bootstrap, 
and biasedcorrected and accelerated bootstrap for 
estimating the index ppC  when data were from a 
specific Burr distribution. Ke et al. (2009) obtained 
the interval estimations of incapability index ppC
for non-normal processes. Unlike the existing 
studies, in this paper, the fuzzy estimations of index 

ppC  are produced by obtaining fuzzy estimations of 

the indices iaC  and ipC  and they are suggested for 
a decision making process. 
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3. Fuzzy Process Incapability Index  

The fuzzy logic is a matter of the FST particularly 
used to dealing with imprecise information by using 
membership function and was formalized by Zadeh 
(1965). In a classical set, an element belongs to, or 
does not belong to, a set whereas an element of a 
fuzzy set naturally belongs to the set with a 
membership value from the interval [0, 1]. The FST
has been studied extensively over the past 30 years 
since it gives an advantage to define the parameters 
more flexible and to analyze the results with more 
sensitiveness. Although most of the early interest in 
the FST was representing of uncertainty in human 
cognitive processes, it is now applied to problems 
in engineering, business, health sciences, economic, 
and the natural sciences. Over the last years there 
have been successful applications of the FST in 
quality management and assurance. After the 
inception of fuzzy sets in statistical process control,
some studies have been made to combine PCIs and 
the FST such as pC  (Yongting, 1996; Lee et al., 
1999; Chen et al., 2003a; Tsai and Chen, 2006; 
Parchami et al., 2005; 2006; Parchami and 
Mashinchi, 2007; Kaya and Kahraman, 2008; 
2009b; 2010c; 2011; 2011b; Kahraman and Kaya, 
2009; Parchami and Mashinchi, 2010), aC
(Kahraman and Kaya, 2009b; Kaya and Kahraman 
2010; 2011; 2011a), pkC  (Lee, 2001; Parchami et 
al., 2005; 2006; Parchami and Mashinchi, 2007; 
Kaya and Kahraman, 2008; 2009b; 2010c; 2011;
2011b; Kahraman and Kaya, 2009; Parchami and 
Mashinchi, 2010), pmC  (Chen et al., 2003b; 
Parchami et al., 2005; 2006; Parchami and 
Mashinchi, 2007; Hsu and Shu, 2008; Ramezani et 
al., 2009; Kaya and Kahraman, 2011; Chen et al., 
2010; Parchami and Mashinchi, 2010), pmkC
(Parchami et al., 2005; Abdolshah et al., 2010; 
Kaya and Kahraman, 2011; Parchami and 
Mashinchi, 2010), incapability indices (Kahraman 
and Kaya, 2011; Kaya , 20012) and 
fuzzy PCIs with asymmetric tolerances (Kaya and 

, 20012; Kaya and Kahraman, 20010e). In 
this paper, unlike the previous studies, fuzzy 
estimations of the index ppC , iaC  and ipC  are 

derived for the first time by using , 2  together 

with SLs and T  values.  

In the first stage we need to obtain fuzzy 
estimations of  and 2 . For this aim, we have to 

estimate  and 2  from the sample. Then the 
membership functions of these parameters are 
obtained by using these point estimators. In this 
paper, the 
(Buckley and Eslami, 2004; Buckley 2004; 2005; 

2006) is used to obtain the membership functions of 
the  and 2  as detailed below. 

3.1. Fuzzy Process Mean 

Let x be a random variable which has a probability 
density function, 2,N , with unknown mean 

 and known variance 2 . A random sample 

1 2, ,..., nx x x  from 2,N  can be taken to 

estimate . The mean of this sample is a crisp 

number x . Because of the central limit theorem, 
x has a normal probability density function, 

2

,N
n

, and 
x

n
 has standard normal 

probability density function 0,1N . Therefore we 
can write (Buckley and Eslami, 2004; Buckley 
2004; 2005; 2006): 

2 2
1xP z z

n

(7) 

2 2
1P x z x z

n n
(8) 

where 
2

z  is the z value of the probability of a 

0,1N random variable exceeding 2 . As a 

result, the 1  100% confidence interval for 
 can be obtained by using Eq. (9):

1 2
2 2

, ,x z x z
n n

(9) 

where 
2

z  is defined as follows: 

2 0,1 1
2

z
N dx (10) 

If  values are taken into account as cuts ,
the fuzzy estimator of , , can be obtained by 
using Eq. (11):

2 2
, ,l r z

x z x z
n n

(11) 

3.2. Fuzzy Process Variance 

Let x be a random variable which has a probability 
density function, 2,N , with unknown mean 

 and unknown variance 2 . A random 
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sample 1 2, ,..., nx x x  from 2,N  can be taken 

to estimate 2 . Also it is known that 
2

2

1n s

chi-square n-1 degrees of 
freedom. Therefore the fuzzy estimator for 2  can 
be defined by the following confidence interval 
(Buckley and Eslami, 2004; Buckley 2004; 2005; 
2006): 

2 2
2

2 2

, ,2 2

1 1

R L

n s n s
(12) 

where 2

, 2R
 and 2

, 2L
 are the points on the right 

and left sides of the 2  density function, 
respectively. This formula is a biased estimate for 

2 . Buckley defined the following equations to 
obtain an unbiased fuzzy estimator 
( 0.01 1.00 ) (Buckley and Eslami, 2004; 
Buckley 2004; 2005; 2006): 

2
,0.005

2
,0.005

1 1

1 1

R

L

L n

R n
 (13) 

Then the unbiased 1 100%  confidence 

interval for 2  should be calculated from Eq. (14):

2 2
2 1 1

, ,

where    0 1.

n s n s
L R  (14) 

If  is taken into account as an -cut level, the 

fuzzy triangular membership function for 2  is 
obtained from Eq. (14) as given in Eq. (15). The 
triangular fuzzy membership functions can be built 
by placing these confidence intervals one on top of 
another. 

2 2
2

2 2
,0.005 ,0.005

1 1
, , 0.01 1.00

1 1 1 1R L

n s n s
n n

(15) 

After the fuzzy estimation of 2  is obtained, it is 
now necessary that to reconsider the fuzzy 
estimation of . Eq. (11) can be reevaluated by 

taking into account 2  as follows: 

, ,,l r (16) 

where l  and r  represent the two sides 
of the fuzzy estimation of  and can be calculated 
by using Eqs. (17-18).

,
2

min 1,2i
l x z i

n
 (17) 

,
2

max 1,2i
r x z i

n
 (18) 

where 1  and 2  represent the left and 

right sides of 2 , respectively and can be 
calculated by using Eq. (15).

3.3. Specification Limits and Target Value under 
Fuzziness 

In this subsection, two main parameters of process 
capability analysis SLs and T, are considered as 
fuzzy numbers to obtain fuzzy estimations of the 
index ppC , iaC  and ipC . For this aim, SLs and T
are analyzed based on the FST by defining them as 
TFN and TrFN.  

It is possible to define the SLs and T by using a 
approximately

are suitable to convert this variable to fuzzy 
numbers. By the way, in some cases, SLs and T can 

between X and Y
where TrFN are more suitable to convert them to 
fuzzy numbers. So TFN and TrFN are used in this 
paper. 

Suppose we have a fuzzy process for which the T,
upper and lower SLs are defined as 

1 2 3T TFN , ,t t t , 1 2 3TFN , ,USL u u u , and  

1 2 3TFN , ,LSL l l l , respectively by using TFN. 
The -cuts of them are obtained as in Eq. (19): 
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2 1 1 2 3 3

2 1 1 2 3 3

2 1 1 2 3 3

,

,

,

USL u u u u u u

LSL l l l l l l

T t t t t t t

(19) 

SLs and T can also be represented by using TrFN. 
Assume that  and  are defined as 

1 2 3 4T TrFN , , ,t t t t , 1 2 3 4 , , ,USL TrFN u u u u

and 1 2 3 4 , , ,LSL TrFN l l l l , respectively. The 
-cuts are as in Eq. (20): 

2 1 1 3 4 4

2 1 1 3 4 4

2 1 1 3 4 4

,

,

,

USL u u u u u u

LSL l l l l l l

T t t t t t t

 (20)

3.4. Fuzzy estimation of the process incapability 
index ppC

In this paper the fuzzy estimations of index ppC  is 

derived by using the fuzzy estimations of index iaC

and index ipC . The -cuts for ppC  can be written 

based on -cuts of the indices iaC  and ipC  as in 
Eq. (21):

,

pp ia ip

L L R R
ia ip ia ip

C C C

C C C C
 (21) 

The -cuts for the indices iaC  and ipC  can be 
obtained by using Eqs. (22) and (23).

2 2

, , , ,l r r lL R
ia ia ia

r l

T T
C C C

D D
(22) 

2 2

2 2, ,l rL R
ip ip ip

r l

C C C
D D

(23) 

The left L
iaC and right R

iaC sides of the 

membership function for iaC  can be obtained with 
respect to either TFN or TrFN by using Eqs. (24)
and (25): 

2

2 3 3
2

2 3 2 1 3 1 2 3 2 1 3 1

2

3 4 4
2

3 4 2 1 4 1 3 4 2 1 4 1

min
, for TFNs

min ,

3

min
, for TrFNs

min ,

3

i

L
ia

i

x z t t t
n

u u t t u t t t l l t l

C

x z t t t
n

u u t t u t t t l l t l

 (24) 
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2

2 1 1
2

2 1 2 3 1 3 2 1 2 3 1 3

2

2 1 1
2

2 1 3 4 1 4 2 1 3 4 1 4

max
, for TFN

min ,

3

max
, for TrFN

min ,

3

i

R
ia

i

x z t t t
n

u u t t u t t t l l t l

C

x z t t t
n

u u t t u t t t l l t l

 (25) 

The left L
ipC and right R

ipC sides of the 

membership function for ipC can also be drawn 
with respect to either TFN or TrFN by using Eqs. 
(26) and (27):

2

2
,0.005

2

2 3 2 1 3 1 2 3 2 1 3 1

2

2
,0.005

2

3 4 2 1 4 1 3 4 2 1 4 1

1
1 1

, for TFN
min ,

3

1
1 1

, for 
min ,

3

R

L
ip

R

n s
n

u u t t u t t t l l t l

C

n s
n

u u t t u t t t l l t l
TrFN

 (26) 

2

2
,0.005

2

2 1 2 3 1 3 2 1 2 3 1 3

2

2
,0.005

2

2 1 3 4 1 4 2 1 3 4 1 4

1
1 1

, for TFN
min ,

3

1
1 1

, for 
min ,

3

L

R
ip

L

n s
n

u u t t u t t t l l t l

C

n s
n

u u t t u t t t l l t l
TrFN

 (27) 

As seen from above equations, it is a necessity to 
compare fuzzy values for determining the minimum 

value. It is possible to meet many ranking methods 
in the literature. In this paper a defuzzication 
method named the total integral value method with 
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an index of optimism 0,1  and proposed by 

Liou and Wang (1992) is used. Let A  be a fuzzy 
number with left membership function L

Af and right 

membership function R
Af . Then the total integral 

value is defined as (Kahraman et al., 2004): 

1R LE A E A E A  (28) 

where 

R
R AE A x f x dx   (29) 

and  

L
L AE A x f x dx (30) 

where . For a triangular 

fuzzy number, ,  ,  A a b c , the total integral 
value is obtained by 

1 1
2

E A a b b c . (31) 

4. A Real Case Application 

In this paper, the proposed index ppC  is used to 
determine the most appropriate supplier among 
alternatives for a construction firm in Turkey. A
firm named Beton Construction will select a 
supplier. 

Beton Construction, one of the leading companies 
in the Turkish construction industry, was 
established in 1963. During its initial years, Beton 
Construction specialized particularly in piers, quays 
and ports and thus participated in the construction 
of one third of Turkish ports. Beton Construction 
played an active role in the development of 

covering transportation, energy, environmental and 
industrial projects. Demonstrating the same level of 
performance in significant super structure projects 
in Turkey, the firm expanded its operations into 
international construction industry in 1983. Beton 
Construction and its subsidiaries, providing services 
in a wide range of areas (such as tourism, finance, 
information technology, manufacturing and 
investment), were organized under the umbrella of 
ABC Holding Company in 1997. Beton 
Construction, the flagship entity of the group, with 
its experienced and knowledgeable work force, 
always aiming at offering services matching global 

standards, has ISO 9001 Quality Reassurance 
System Certificates and OHSAS 18001 
Occupational Health and Safety Management 
Certificates to document its commitment to quality. 
Beton Construction has recently undertaken some 

Construction was also involved in the building of 
drinking and wastewater treatment plants, water and 
sewage lines and underground transport systems in 
various cities in Turkey. As the civil contractor of 
international consortiums, the Company completed 

- Ankara Waste Water 
Treatment Plant, the largest of its kind in Europe. 
Adana Wastewater Treatment Plant, 

- Piraziz, Bolaman - 
- - 
- Kartal Rail Mass Transit System are a 

few of the other contracts currently within Beton 
s

to carry out major projects both in Turkey and 
abroad (Kaya and Kahraman, 2010). The index 

ppC is used to determine the best supplier for Beton 
Construction which plans to buy some steel to mix 
with daub to build stronger constructions. Beton 
Construction and experts determine that the 
diameter of the steel should be approximately 
between 8-10 mm to obtain the best results. The 
firm has three possible alternative suppliers. For 
this aim the followings are obtained as shown in 
Table 2.

Table 2 The process mean and variances for the 
diameter of steel (mm.)

Supplier Sample Size x s

Supplier-A 200 9.10 0.24

Supplier-B 200 9.18 0.22

Supplier-C 200 9.08 0.23

The fuzzy process mean and variance are calculated 
with respect to Table 2 by using Eqs. (15-18). The 
membership functions of process mean and 
variance of diameter of steel (mm.) for Supplier-A
are illustrated in Figures 1 and 2, respectively. The 
fuzzy estimations of process mean and variance for 
Supplier-A include not only all possible values with 
related membership value but also the crisp values 

9.10x  and 2 0.058s with a membership 
value of 1.00 as seen in Figures 1 and 2, 
respectively. 
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Fuzzy estimations of process incapability index  

Figure 1 Membership function of process mean for Supplier-A 

The fuzzy values for process mean and variance 
bring advantages to analyze the supplier 

alternatives more deeply and more flexible. 
Nevertheless, they can be more suitable to calculate 
fuzzy process capability indices. 

  

Figure 2 Membership function of process variance for Supplier-A

The fuzzy process mean and variance values are 
calculated for all of the supplier alternatives and 
they are shown in Table 3. These values will be 
used to obtain the indices iaC , ipC  and ppC . 
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Table 3 The fuzzy values for supplier alternatives 

Supplier-A Supplier-B Supplier-C

(9.050, 9.100, 9.150) (9.134, 9.180, 9.226) (9.032, 9.080, 9.128)

2 (0.045, 0.058, 0.076) (0.038, 0.048, 0.063) (0.042, 0.053, 0.069)

When the most appropriate supplier for steel is 
determined, the SLs and T is defined by using 

The SLs and 
target values for three suppliers are defined as 
follows: 

Approximately 10.00 = TFN (9.95, 10.00, 
10.05),  

Approximately 8.00 = TFN (7.95, 8.00, 8.05),  

= Approximately 9.00 = TFN (8.95, 9.00, 9.05). 

The indices iaC , ipC  and ppC  are evaluated by 
using Eqs. (21-27) for TFN that are more suitable 
for this type of linguistic definition. The indices 

iaC  and ipC  for Supplier-A are calculated as (0.00, 
0.09, 0.44) and (0.34, 0.52, 0.84), respectively. 
Then the index ppC  for Supplier-A whose 
membership function is shown in Figure 3 is 
calculated as (0.34, 0.61, 1.28). As it can be seen 
from Figure 3, the index ppC  has a 
possibility to take between 0.34 and 1.28 with 
different membership degrees. 

Figure 3 Membership function the index ppC for Supplier-A

As it seen from Figure 3, the Supplier-
condition has a possibility to classify as 

, or
According to the total integral value 

method, the defuzzication value of the index 

ppC for Supplier-A is 0.71 that indicates that 
Supplier-

The indices iaC  and ipC  for Supplier-C are also 
calculated as (0.00, 0.06, 0.35) and (0.31, 0.48, 
0.77), respectively. Then index ppC for Supplier-C 

is calculated as (0.31, 0.53, 1.12). The membership 
function of index ppC  is shown in Figure 4. As it 

seen from Figure 4, the index ppC  takes into 
account all possible values together with related 
degree of membership. This gives an advantage by 
obtaining more detailed and flexible analysis both 
to increase process quality and to decrease process 
variation. The index ppC  has a possibility to take 
between 0.31 and 1.12 with different membership 
degrees. 
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Fuzzy estimations of process incapability index  

Figure 4 Membership function of the index ppC for for Supplier-C

As it seen from Figure 4, the quality condition of 
Supplier-C has a possibility to classify as from 

value of the index ppC  for Supplier-C is 
determined as 0.62 that indicates that quality 
condition of Supplier-  by using total 
integral value method. 

Although the quality conditions for Suppliers A and 
C seem similar, the Supplier C is preferable since 

its index ppC  indicates that its quality condition is 
closer to the co

-A. The 
same evaluation procedure is managed by taking 
into account Supplier-B whose fuzzy values are 
shown in Table 4. As a result, Supplier B is 
determined as the worst alternative.  

Table 4 The fuzzy indices for supplier alternatives 

Supplier-A Supplier-B Supplier-C

iaC (0.00, 0.09, 0.44) (0.05, 0.29, 0.84) (0.00, 0.06, 0.35)

ipC (0.34, 0.52, 0.84) (0.28, 0.44, 0.70) (0.31, 0.48, 0.77)

ppC (0.34, 0.61, 1.28) (0.33, 0.73, 1.54) (0.31, 0.53, 1.12)

According to Table 4, Supplier-C is determined as 
the best alternative to buy building materials and 
the order of supplier alternative is determined as 
follows: {C-A-B}. 

In some cases, SLs or T can be defined by an 
X and Y

more suitable to convert them to fuzzy numbers. In 
our supplier selection process they can be defined 
and are converted as follow:

USL=Between 9.95 and 10.00.
(9.90, 9.95, 10.00, 10.05), 

LSL=Between 7.95 and 8.00.
(7.85, 7.95, 8.00, 8.05), 

Between 8.95 and 9.00.
(8.90, 8.95, 9.00, 9.05).

The index ppC  of Supplier-C for TrFN case is 
calculated as (0.29, 0.48, 0.70, 1.60) and its 
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membership function is shown in Figure 5. The 
index ppC has a possibility to take between 

from 0.29 to 1.60 with different membership 
degrees. 

Figure 5 Membership function of the index ppC for Supplier-C 

The indices iaC , ipC  and ppC  for supplier 
alternatives are also calculated as shown in Table 5.

Table 5 The fuzzy indices for supplier alternatives  

Supplier-A Supplier-B Supplier-C

iaC (0.00, 0.08, 0.22, 0.87) (0.04, 0.26, 0.53, 1.43) (0.01, 0.05, 0.17, 0.73)

ipC (0.31, 0.47, 0.57, 0.95) (0.26, 0.40, 0.48, 0.80) (0.28, 0.43, 0.53, 0.87)

ppC (0.31, 0.55, 0.79,1.82) (0.30, 0.66,1.01, 2.23) (0.29, 0.48, 0.70, 1.60)

According to Table 5, Supplier-C is also 
determined as the best alternative to buy building 
materials since its index ppC  indicates that its 
quality condition is closer to the condition 

The supplier 
A is also determined as more suitable than Supplier 
B. As a result, the order of supplier alternative is 
determined as follows: {C-A-B}. 

5. Conclusion 

The capability analysis of a process that is a very 
effective tool to summarize process performance by 
producing statistical values called process 
capability indices is a necessity in order to improve 
process. The process capability analysis can be also 
defined as a measure of inherent variability in a 
process as compared to the requirements of the 

product which defined by using SLs. Although 
process capability analysis generally used in 
manufacturing process, in this paper they are 
suggested for a decision making process. In the 
literature, there are many successful techniques 
those have been proposed for decision making 
processes. In this paper a new decision making tool 
based on process incapability index has been 
suggested and is successfully applied. This new 
decision making tool evaluate decision making 
process quickly and easily. 

In this paper, one of the most important process 
capability indices, the index ppC  which is easy to 
apply, and provides more process information than 
other process PCIs is analyzed together with indices 

iaC  and ipC . 

The FST that has been studied extensively over the 
past 30 years can be used to overcome the main 
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difficulty of PCIs, crisp definition. The FST brings 
an advantage by a flexible definition and more 
detailed evaluation on process capability analysis. 
So the index ppC  is analyzed under fuzzy 

environment and the index ppC  is obtained. By the 
way the fuzzy estimations of process mean and 
variance are produced and then fuzzy estimations of 
the index iaC  and the index ipC  are obtained.  

The proposed fuzzy indices are used in a decision 
making process to determine the most appropriate 
supplier for a construction firm and to rank of the 
suppliers have been determined by using these 
indices very successfully. It is understood that 
fuzzy indices include more information about 

condition. However, only quality is considered for 
this problem by taking into account the index ppC .
Since we have an assumption that the suppliers are 
equivalent in terms of other criteria other than 
quality (i.e. price, delivery performance etc.). 

In the future research, the obtained results by fuzzy 
process capability analysis can be extended for 
multicriteria decision making (MCDM) processes 
and the results can be confirmed by other 
techniques used in MCDM such as analytic 
hierarchy process, analytic network process, and 
TOPSIS.   
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