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Abstract

The supply chain comprises o sevies of intercomnected processes and the number of echelons and focilities within eoch echelon
contribute fo the suppdy chain's complexity, Even thowueh businesses hove choanged their supply chains o integroted supply- chains, they
siill reguive a toof that will display the supply chain's overall performance, and this crucial tool is a supply chain performance
measurement system (SCPMS). Measurement of Performance refevs to g collection of measures wsed fo manage schedwled tavks and
resedaree allocation fo achieve predefined obiectives, This paper models complicated pranufacturing suppdy chain processes wsing fuzzv
fogic, analyzing the owtcomes through a case study. Based on the SCOR framework, alean Supply Chain model is created, including
hath lean and non-lean meirics ay necessary. The performance of botl non-Lean and Lean supply chain scenarios has been assessed,
After the apposite metrics values are converied inte triongular fuzzyv mmbers (TENs), overall performance is measured using the Fuzzyv
Topsis, Results indicate that the application of lean technologies has a major impact on overall performance enfiancements af supplv-

chair,

Keywards: Performance metrics, SCOR, TFN, Fuzzy Topsis, performance evaliwation,

1. INTRODUCTION

In order to gain competitive advantages, emerging
advancements in manufacturing, technology, and customer
demand necessitate fast product invention, more flexible
manufacturing, waste elimination, increased process conirol,
effective worker utilization, and international expansion [1].
However, as global markets develop, it is becoming more
difficult to achieve the goal because of factors such as capacity
variance, global competition, resource limits, and shifting
market dynamics |2]. Many big companies worldwide have
been altempting to use the lean concept as a means of optimizing
resources and streamlining the production process [3].
Producers can reduce waste and non-value-added (NVA)
activities by implementing several lean practices and lean
concepts [4]. Complex interdependencies must be addressed by
supplv-chain (SC), ultimately leading to the creation of an
"extended enterprise” that extends well beyond the walls of the
factory such as suppliers, sub-tiers, and distribution networks
[5]. Fuzzy logic (FL) provides plenty of resources for evaluation
purposes.  Efforts to evaluate the performance of SC have been
made in many industries. The Fuzzy Topsis (FTOPSIS) is
utilized to maintain consistency in the asscssment of the results.
[6]. The study generated a conceptual model for evaluating
leanness that is applicable to manufacturing supply chains. This
paper 15 structured as follows. The paper is organized into six
sections, beginning with the introduction. A theoretical
framework is addressed in the second section. The approach and

framework for assessing the performance of a lean Supply
Chain (L5C) are then covered in the third section. The
methodology's effectiveness is illustrated through a case study
for the effective performance evaluation method in the fourth
section, The fifth portion contains the resulis and conclusion,
The limitations and future directions of the research are finally
covered in the sixth section,

2. THEORETICALFRAMEWORK

2.1 Lean Supply Chain Management: The intent of a supply
chain is to generate value and then transfer that value to the
customers [7-8]. By utilizing information fechnology,
companies were able to regulate the flow and influence several
dimensions of the 3C [9]. As the competition increasingly more
fierce, companics began investigating lean concepts [10-11].
The lean approach strives for the most eflicient use of the
resources at hand [12]. Implementing lean produced betier first-
pass correct production, decreased lead times, decreased
inventory needs, and decreased space requirements [13-14],
LSCM refers to adapting lean concepts and procedures to be
employed across the whole 5C [15]. According to LSCM, the
whole SC from the raw material to the end customer 15 unified
[16]. Lean SC improves customer satisfaction by lowering
costs, delivering consistent quality, cutting lead times, and
lowering inventory levels [I7]. The LSC is facilitated by a
number of key enablers [ 18],

2.2 Performance Metrics: The significance of performance
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measures and indicators for an organization's triumph is in their
ability to facilitate goal-setting, performance assessment, and
future planning [19]. In order to find areas where major changes,
can be made, performance assessment is helpful in assessing
present performance [ 20]. While financial performance melrics
have been the focus of some managers and researchers,
operational measures have been the focus of others [21-22].
Decisions at the tactical, operational. and strategic levels are
influenced by performance-measuring metrics [23]. Measuring
oals must take into account the whole S3C goals as well as the
metrics 1o be employved i order for SCM 1o work efficiently
[24]. 5C measures must be devised for the operational and
strategic levels of the framework [25]. The metrics chosen
ought to demonsirate an equilibrium between monetary and
non-moenetary measurements that might be linked to the
strategic and operational phases of management [ 13].

2.3 Performance Evaluation: In the context of SC, PMS can
be categorized Tor idemtifying key performance measures
(KPM) and choosing the best PMS [26]. To identify the
performance metrics a framework is needed [27]. Tt has been
discovered that a hybrd strategy combining Svstem Dynamics
(5D). Game theory, and BSC 1s appropriate for assessing the
performance of the automotive sector [28]. In addition to non-
financial variables, the BSC consists of conventional financial
measures that reflect an organization's historical performance
[29]. Itis possible to combine the characteristics of the BSC and
SCOR models to create a PMS specifically for SMEs in India

[30]. For evaluating a SC's performance at different levels of

hierarchy, models with a hierarchical base are relevant [31].
performance measures can be categorized as fime measures,
quality measures, cost measures, and flexibility measures [32].
The SC measure components, measurement process, balanced
seorecard context, measure landscape, and decision hierarchy
level are used to categorize various performance metries [33].

2.4 Fuzzy Logie: Utilizing fuzzy set theory in assessment
systems can enhance the outcomes of assessments, A non-linear
system that converts a data input vector into a scalar output is a
fuzzy logic system (FLS) [34]. A precise logic of imprecision
and approximation is known as FL [35]. For sustainablc
supplier selection in the supply chain, a new model with a
trisngular fuzzy approach is employed [36]. Four typical forms
of fuzzy are as follows: single fuzzy, trapezoidal fuzzy,
triangular fuzzy, and Gaussian fuzzy [37]. Studies using fuzzy
set models are descriptive in nature and frequently entail a
particular defuzzification procedure [38]. FL has emerged to be
a successful multieriteria decision-making (MCDM) technigue
[39]. To determine leanness, multi-grade FL may be applied
[40]. The members of a crisp set are selected from a universal set
X and classified as either members or non-members. ie. In a
specified crisp set A, the function allocates a value pA(x) to
each xeX

lifxe A

M) = g ifxea

here [0, 1] indicates the real numbers interval ranging from (-1,
inclusive, and X is the universal set described in a particular
problem.
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2.5 Fuzzy Topsis Method: “TOPSIS”, or “Technigue for Order
Performance by Similarity to Ideal Solution”, is an MCDM
approach centered on eriteria and aliernatives [41]. Anapproach
for selecting solutions from a limited number of options is
termed multicriteria decision-making, or TOPSIS [42]. The
optimal solution is the one that is the most distant from the
negative ideal solution and most near to the positive ideal
solution [43]. A sustainable SC network design model is created
using the BWM and TOPSIS methodologies [44]. FTOPSIS is
the merger of FL and TOPSIS. The FTOPSIS approach ranks
the alternatives based on the specified criteria by using
multiple-criteria analysis [45]). The FTOPSIS approach is
utilized to rank providers in uncertain situations [46]. The
problem of supplier selection with ambiguous and subjective
preferences is solved using the FTOPSIS approach [47). Hybrid
neuro-fuzey approach used for Six different forms of worldwide
logistics [48]. The most efficient operating and strategic guiding
principles for an effective SCM are determined using FTOPSIS
in conjunction with simulation [49]. The FTOPSIS is used to
determine the potential risks in the SC [50]. The FTOPSIS
approach is used to identify and suggest solutions for the
obstacles [51]. It1s crucial to transfigure numerical values into
fuzzy numbers and subsequently defuzzify those numbers to
crisp values in the FTOPSIS method [52].

3. METHODOLOGY

The technique is used to evaluate how the independent SC
practices measure affected the dependent SC performance
measure, This study has suggested a set of ideal measures that
are based on the five SCOR practices. SCOR architectures
incorperate both lean and non-lean metrics to enable the
measurement of LEC performance both prior to and following
lean deployment. The values of metrics are primarily converted
into triangular fuzzy numbers (TEFNs). The performance of the
entire SC is then assessed using the FTOPSIS technique. The
steps of the methodoelogy are as follows:

Initially, two SC conditions prior to and after the application of
lean were used to collect distinct results for each metric. Let J=
1.2, .........n are different SC performance categories, 1= 1,2,
......... m are SC conditions (lean and non-lean); and K= 1.2,
................ t are optimal metrics which means, J=(j fz ... fa),
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1= (i1 iz ... . im), and K= (k) Kz, ... ., ke Now assume, Zinjokal,
Liminkad, and Zigiskd are the number of units (weekly basis) for
metric ke, in Js category and, condition Tn.

3.1 Triangular fuzzy number

Table 1. Linguistic phrases and equivalent TFNs

Linguistic Phrases TFMN3 {Aimgnkty Bimjnke, Cimjota)
Very High (VH) (7.9, 9
High iH} (5 7.M
Peledium (M) (3.5,7)
Very Low (VL) (1L L3
Low (L} (1,35

As stated in Table 1, which represents three points of TFNs for
equivalent lmgmsﬂ ¢expressions.
1

H VH

] -
[ i 5 7 i
Figure 2 TFN for equivalent linguistic phrases
3.2 Normalize triangular fuzzy number (NTFN): Cost and
Profit metrics are two more significant categories of metrics.
Whereas cost indicates that less is better, benefit indicates that
mare isbetter, The following are the normalization procedures:

) Where €T max(c,

fuktir )
{profit metricsp (1)

in

— JWhere [ minl 8 i)
(cost metrics) (2]
3.3 Compute weighted normalized fuzzy value: The NTFNs
(N, o 1o, x) are multiplied with the competing priority weights
(Wimjnu)} of the metric category to provide the weighted
nermalized fuzzy value Vimjnkew,
Vimfnkor= Nim_jnk; rs W:m;:.h u=(a Lm}nkr v, b’ !.mjnk; v,
Cimfnbcv)... k)]
V= number of wmghled fu_zz*j‘-r numbers and u= number of
weight vectors for the category of metric

3.4 ldentify Fuzzy Positive ldeal Solution and Fuzzy Negative
Ideal Solution:

FPIS=Sk:" = Max (£ Tmfrkeet?). oo, (4}
FNIS= S =Min(a imfebe ™) (5)

3.5 Calculate the distance from Fuzzy Positive Ideal Solution
and from Fuzzy Negative Ideal Solution: The distance {13,
Dy, ) of 8C circumstances (Non-LSC and LSC) from FPIS and
FNIS for performance metrics ..!i.'f is computed as,

=xE[{"*'~uf~urr‘-'J"'“""...- G e —S)]  ®

=\El{a;minh" "i.!:: ] 'i"...l.ltl' L Ts }: 4 I:‘;..l._i_--' —.".hl;l {?}

3.6 Caleulate the closeness coefficients: The closeness

cocfiicient value is caleulated as follows for both SC conditions:
Cltm= DDt Dy oo I{ﬂ':

3.7 Compute the LSC and non-LSC performance: Evaluation
of the SC performance can be oblained by P = CCim * 100
4. ACASE EXAMPLE

To evaluate SC performance a study of a case example of a
manufacturing company “MFG" is selected as various lean
practices are implemented in the 3C of the company. As the
management of the organization was willing to provide relevant
data, this organization was selected as a convenience sample for
the case study. For the SC study, a manufactured product named
Job shop bracket is chosen, and investigated the parameters of
the sample SC. Cost, time, flexibility, and quality were the four
main performance criteria in a cost-competitive supply chain,
with the majority of the metrics being tied to costs.

Table 2. Supply chain metrics and categories

Performance | Measures id | Performance Measures Source of data
Categeries (7, in
k't)
Lini Cost of goods soldPiece FinanceCost
{R=.) accouniing
Lin | Manutacturing cost/piece Finanec'Cost |
1R=.) agcount
Lap: Total logistic cost (Rs.) Logistes
Ly Pricefpicce {Rs.) Marketing
Cost 1
. Fars Production efficicney’ Production
wieek (%5}
Lo Profit’ piece (Rs.) Finunce
Lag Purchase order cycletime Purchase
iclays)
Zms | Production time/piece Produciion |
{Minutes}
T L
e Lin Delivery lead ome [days) Logistics
Liw | Total cyele time {days) Froduction
Lin | Suppliers defect frew Procurement |
. delivery (%
Flexibility it
. Zuz | Quality of delivered Quality
Quality Goods (%) ASEUCATCE

“Manufacturer's name cannot be unveiled for reasons of
confidentiality,. “MFG™ is a pseudonym.” Among the four
performance categories, we chose twelve metrics for
measurement. Table 2 displays all metrics, The sources and
departments of data used in this study are displayed in Table 2's
final column. Where n=1... 4 and t=1.....12 are the metric id
values displayed in the second column, The algorithms
depicted in Figure 3 are used to convert the data for quantitative
measurements into triangular fuzzy numbers (TFN).
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Figure 3. Procedures to convert the metric values into
TFNs

Tabulate the Performance metrie, values

Take the difference between adjacent values of metrics (d")

If d"<C*3§ then go to step 4 otherwise take as 0

Consider (14d’/ C*8)) |

Calculate the similarity between adjoining estimate

Sa

Obtain the central apex point

Giet the lower and upper fuzzy boundaries

[ Getthe TN |

Tahle 3. Metric values prior to Lean Implementation

Prior to Lean implementation {i=1)

'Ferfnrmance ' May-24 June-24
mietrics

Wi (w2 Tws (wa wi (w2 (w3
[ Za 18995 | 18.89 | 18675 | (8605 | 18.515 | 18.535 | 18.6
[Zaz [ 19.564 | 19.557 | 19.627 | 19.849 | 19.767 | 19.797 | 19.889 |
[ Zas [103s0 [ 10339 | 10331 | 10312 | 10319 | 10271 | 10270 |
| Zing 29 22784 | 224632 | 22.58) | 22482 | 22445 | 22483
[ s 42 67 4475 50T 365 3.5 G667 i
[T 1788 | 17.996 | 180 | 18.199 | [8.29% | 18.285 | [R.297
[Zm 13767 3747 3731 |37.06 |5721 |37.52 | 3676 |
[ |53 5285 | 5260 | 5200 | 5052 | 50467 |90.72
[Zm (4005 2847 (4802 |48.01 4731 |4737 |47.33
| Zina 334 [ 11206 | 11064 | THeTZ2 [ 11027 | 13 | 4 By
[ Zin bd g9 [ 4799 | oléE [G2RT [0y [u0RE [ 4183
Zn BRY5 | 9180 (9088 | 9497 |9280 0092 |9188

Table 4. Metric Values Following Lean Implementa

tion

Performance Fallowing Lean implementation (i=1)
I .

| Metrics Nov-24 Dec-24
Wi (W2 W3 (W4 W1 W2 |w3
Zan 18743 [ 18562 [ 1851 [ 15,105 [ 18187 [17.97 [ 17567
T 19343 | 19.282 | 19.1 | I9.088 | 1899 | 1R854 | 18.645
[Zus [10210 [ 10164 | 10155 | 10137 | 10124 | 10112 | 10098
Il 22612 | 22507 | 22.4 | 22357 | 22136 | 21.892 | 21753
Zins 7135 |67.56 |76.23 |84.67 |81.77 |BL34 | 8354
s 15,168 | 18.273 | 18.38 | 18423 | 15,644 | 18.888 | 19.027
Lim Ll 3.0 T4 (3777 3757 36.67 36.71
I 4945 [48.12 4785 [4T11 4692 |4654 |94
I 4334|4301 |417% 4224 (4184 3982 |04
Zin 10042 | 10264 | 96.63 |99.04 | 9965 |96.05 | 95.64
Lui 4308 R 949 . B8 W a2 Q1 U5 ¥3.97
Zn 939 |8834 |9298 |958% |93.23 |94 935

Distinct values for the performance measures computed in the

5

two scenarios of SC ie. prior to and following lean
execufions and they are represented in the infended models
by i=1 and i=2. Weekly values for different quantitative
metrics before lean adoption are presented in Table 3, while
Table 4 displays the same values following lean
implementation. The metric values stayed the same at first
with no appreciable increases without implementing lean
practices. Hereafter the whole supply chain was examined
and different lean practices were applied to improve the
values of performance metrics as well as the overall
performance of the supply chain. The values for
quantitative metrics are converted inte triangular fuzzy
numbers (TFN) using the algorithms shown in Figure 3,
Finally, following the equations from (1) to (%), the
closeness coefficient and the overall performance have
been caleulated for both non-lean and lean supply chains.

RESULTS AND CONCLUSION

Following the application of lean methodology, the quality of

6.

delivered goods increased from BE.95% to 93.9%. The
percentage of production efficiency per week (%)
increased from 42.67% to 71.35% following the
application of lean principles. profit for cach unit increased
to RBs. 18,17 upon lean implementation from Rs. 17.88
priorto it, Comparably, the entire cycle time of the 5C was
shortened from 113,33 days to 100,42 days. The evaluation
revealed that the organization under the case study lacked
lean practices, By emploving equations (8) and (9), the two
supply chains' closeness coefficients came as 0,488 and
0.3292 respective performances are computed as follows:
45.80% for the non-LSC and 52.92% for the LSC.
Measures indicate that an LSC performs better than a non-
L5C counterpart. it was found that the lean practices had a
statistically momentous impact on the SC performance,
The findings indicate enhanced performance in
compefitive scenarios involving cost, time, flexibility, and
quality. The employed methodology allowed for a realistic
examination. A set of performance measures is one of the
main contributions of this research. Instead of evaluating
the performance of individual business units, the proposed
method offers a way to evaluate the overall performance of
the SC. The proposed model can be wilized as an
evaluation instrument to determine the gap between the
current state of leanness and the intended leanness state,
enabling the industrial sectors to identify areas for
improvemeni. The SCM  decision support syslems'
potential can be reinforced with its enforcement. When
analyzing problems of dynamic improvement, the
framework and assessment approach might be a helpful
modeling tool. This can offer valuable insights for officials
to enhance SC efficiency and fulfill their goals.

LIMITATIONSAND FUTURE RESEARCH

The proposed study concentrated on a particular manufacturing

industry, For the purpose of strengthening the conclusions,
multi-case studies can be the focus of future research. For
the purpose of more accurately assessing the level of
integration between the downstream components and
upstream components in the wider SC, the study may
additionally incorporate a significant amount of data {rom
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suppliers and buvers. This study's sampling frame was
derived from manufacturing organizations. For more
reliable results, future studies can use more performance
measurements in different sectors of industry, Managers
and engineers can use software to code the fuzey number
generation [rom metric values for faster caleulations.
Which can lead to faster decisions and a guick picture o' SC
performance. This strategy not only helps industries adapt
to changes much more rapidly, but it also makes it possible
for academics and researchers to keep conducting their
further work. It might be beneficial for subsequent research
to look at it more in multiple contexts.
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