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Abstract- An 2" layer lean based
TWMCCRR practice-metrics hierarchical
appraisement model is proposed. The
proposed model dealt with identified six
measures and twenty seven interrelated
metrics for measuring the performance of
stuff provider firms under lean performance
measurement strategy. The lean based
TWMCCRR  hierarchical appraisement
model undertook fuzzy information of DMs.

In order to compute the performance scores
of vendor firms, fuzzy-AHP (Analytic
Hierarchy Process) is utilized to compute
weight against six momentous measures,
while MOOSRA (Multi-Objective
Optimization by Basic Ratio Analysis) is
implemented on said model to robustly
evaluate score and making potential
decision.

Keywords: Lean Supply chain, Model, Subjective Information (SI), Multi-Criteria Group
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I. MCDM DECISION MAKING

MCDM (Multi Criteria Decision Making)
has aim to find optimal choice under several
(conflicting) criterion, which are to be
achieved simultaneously. The characteristics
of MCDM are a set of (conflicting)
objectives, having non  constraints.
Therefore, it is naturally associated with the
technique of mathematical programming for
dealing with  optimization  problems.
However, it can be seen that two main
difficulties involving the trade-off and the
scale problems complicate the MCDM
situations  through  the  mathematical

programming model. Lean manufacturing
executive thinking, which derived typically
from the Toyota Production System (TPS)
and recognized as ‘lean’ only in the 1990s.
TPS is well known for its heart on reduction
of the original Toyota seven wastes to get
better overall purchaser worth. Lean
Manufacturing (LM) is fundamentally a
production practice that believes on the
expenditure of resources for any goal other
than the making of worth for the end users
to be wasteful and thus an aim for removal.

Il. BENCHMARKING MODEL

The benchmarking process is significance as
it has observed as potential tool for
analyzing complex real problems due to its
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ability to judge different alternatives
(Choice, strategy, policy, and scenario)
under various criteria. These alternatives
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may be further explored in-depth for their
final implementation. The benchmarking
processes deals with a set of (contradictory)
criterions, which lay down of well-defined
limitations. Garvin (1993) discovered rough
set hypothesis to examine the relations

performance outcomes focused on green and
business dimensions. Greeen et al., (1998)
sustainable supply chains manage the firm
for environmental issues and too influence
the alliance among supply chain
management and the normal environment. It

among  managerial  attributes,  dealer is also referred in form of modernism in
development program involvement features, Supply Chain Management (SCM).
and performance outcomes. The

I, MOOSRA METHOD

The Multi-Objective Optimization by Basic
Ratio Analysis (MOOSRA) method was
introduced by Brauers and Zavadakas
(2006); Brauers and Zavadakas (2010)
extended the method to make it more robust
as MOOSRA. Let E=1e,,e,,...e, | be the
set of decision-makers in the group decision

making process. A={A1,A2,...,Am}be the
set of alternatives, and C={C,,C,,...,C,}
be the set of criteria-attributes. Suppose that

~

ay :(aijkl,aijkz,aijk3>is the attribute value

given by decision makere,, where Eijk is a
trapezoidal fuzzy number for the alternative
A with respect to the attributeC; .

Evaluation of rating from 2™ to 1% level:

R_(r) _ri1+ri2+ri3+ri4+ri5+ri6 ............ rin
- IJ mxn - C
n
..................................... (1)
C, G - C,
folrn 1, M,
R= (rij )mxn folfy Ty P
folr, r r

Normalize the decision matrix X = (x
using the following equation:

ij)mn

r=—9 __ §=1273...m,

Here r is the normalized criterion rating.
The normalization method mentioned above
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is to preserve the property that the range of a
normalized trapezoidal fuzzy number

belongs to the closed interval [0,1]
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Then, the decision matrix v = (v;),,, can be

transformed into the normalized fuzzy
decision matrix:
g *
2%
* =l

Yi =
>

j=g+1

g *
E W; *X;
* j:l

n

j=g+1
Here g=1,.,n denotes number of

objectives to be maximized. Then every
ratio is given the rank: the higher the index,

the higher the ranking. In the (Equa. 4) w;
represented the attribute/criterion weights.

IV. EMPIRICAL RESEARCH

The lean based TWMCCR hierarchical
structural evaluation model has aim to
evaluate the best vendor amongst feasible
alternatives in accordance with comparative
analysis is shown in Table. 1. To evaluate
result, a committee of five highly experience
decision makers, has been formed from units
of manufacturing industry. Fuzzy APH is
applied, which revealed the results:
[0.084171, 0.14683, 0.137025, 0.240021,
0.203531, 0.188566]. Calculated Amax=7.21
by using Equa. 18 (considered M=6). Then,
the consistency (for Cl =1.24) has been
checked by using Equation 19, depicted
0.1025. Later, using the concept of
trapezoidal fuzzy numbers in fuzzy set
theory, the linguistic variables, shown in
Table. 2, used by team of same decision
makers to assign ratings against for stuff

provider firms firm A;, A, and Az have
aggregated by fuzzy rules, and then,
defuzzification is carried out on aggregated
ratings, shown in Tables 3-5 for 2" level.
Addition is carried out by Equation 1 to get
1% level rating is shown in Tables 3-5, for
stuff provider firms firm A;, A, and Ags.
Then, normalization is carried out by using
Equ. 2 for bring value in the interval of 0 to
1 excluding transforming non-beneficial
criterion into beneficial criterion and
constructed the weighted normalized matrix
by using Eqg. 3, shown in Table. 6.

In case of MOOSRA, Equ.4 has applied on
data available of Table 3-5 to compute
ranking orders of stuff provider firms firm
A1, A, and Az, shown in Table.7. Results,
obtained by MOOSRA have been shown in
Table. 7.

Table: 1. Fuzzy based TWMCCR hierarchical structural model

Technological
involvement,
(Cy)

Work force
leanness,(C,)

Manufacturing




management,

(Cs)
Fuzzy
based
TWMCCR _
hierarchical | Collaborative
structural planning, (Cy)
model

Customer
service

performance,,

(Cs)

Resource

utilization, (Cs)

Table: 2. Aggregated fuzzy appropriateness rating

Linguistic Term (Appropriateness Rating)

Corresponding Fuzzy Numbers

Absolutely Poor (AP)

(0, 0, 0, 0; 1.00)

Very Poor (VP

)

(0,0, 0.2, 0.7; 1.00)

Poor (P)

(0.4,0.1, 0.8, 0.23; 1.00)

Medium Poor (MP)

(1.7, 2.2, 3.6, 4.2; 1.00)

Fair (F) (3.2,4.1,5.8, 6.5; 1.00)
Medium Good (MG) (5.8, 6.3, 8.0, 8.6; 1.00)
Good (G) (7.2,7.8,9.2,9.7; 1.00)

Very Good (VG)

(9.3, 9.8, 10.0, 10.0; 1.00)

Absolutely Good (AG)

(10.0, 10.0, 10.0, 10.0; 1.00)

Table.3 Appropriateness rating against subjective Lean assessment metrics for

As
Lean Appropriateness rating against individual AFR Crisp value
assessment 2" level evaluation metrics
metrics DM1 | DM2 DM3 DM4 DM5
(Cv1) G MP F F MP | (3.800,4.800,5.400,6.400) 5.1
(C12) G G VG G VG | (7.800,8.800,9.400,10.00) 8.98
(C13) VG VG VG G G (8.200,9.200,9.600,10.00) 9.22
(C14) VG G VG VG VG | (8.600,9.600,9.800,10.00) 9.45
(Cy5) VG MG G G G (7.000,8.000,8.800,9.600) 8.34
(Cz1) MG F G MG VG | (6.000,7.000,7.600,8.400) 7.24
(C22) F G MG F G (5.400,6.400,7.000,8.000) 6.7
(Caa) F G G G F (5.800,6.800,7.400,8.400) 7.1
(C24) F G G G G (6.400,7.400,8.200,9.200) 7.8




(Cap) G MG F VG MG | (6.000,7.000,7.600,8.400) 7.24
(Cz1) MG F G MG VG | (6.000,7.000,7.600,8.400) 7.24
(Cs2) F G MG F G (5.400,6.400,7.000,8.000) 6.7
(Csp) F G G G F (5.800,6.800,7.400,8.400) 7.1
(Cs4) F G G G G (6.400,7.400,8.200,9.200) 7.8
(Cq1) G MG F VG MG | (6.000,7.000,7.600,8.400) 7.24
(C4p2) VG VG G G G (7.800,8.800,9.400,10.00) 8.98
(C4p) MG VG G F G (6.400,7.400,8.000,8.800) 7.64
(Cq4) G VG MG VG VG | (7.800,8.800,9.200,9.600) 8.82
(Cs,1) MG G MG G VG | (6.600,7.600,8.400,9.200) 7.94
(Csp2) F VG F MP VG | (5.600,6.600,6.800,7.400) 6.57
(Csz) VG VG G G G (7.800,8.800,9.400,10.00) 8.98
(Csa) MG VG G F G (6.400,7.400,8.000,8.800) 7.64
(Csp) G VG MG VG VG | (7.800,8.800,9.200,9.600) 8.82
(Ce,1) MG G MG G VG | (6.600,7.600,8.400,9.200) 7.94
(Ce2) F VG F MP VG | (5.600,6.600,6.800,7.400) 6.57
(Ce3) MG F G MG VG | (6.000,7.000,7.600,8.400) 7.24
(Ces) F G MG F G (5.400,6.400,7.000,8.000) 6.7
Table.4 Appropriateness rating against subjective Lean assessment metrics for
Az
Lean Appropriateness rating against individual AFR Crisp value
assessment 2" Jevel evaluation metrics
metrics DM1 | DM2 DM3 DM4 DM5
(C11) G MG MG MG G (5.800,6.800,7.800,8.800) 7.3
(Cyi2) VG MG MG MG MG | (5.800,6.800,7.600,8.400) 7.14
(Cyia) G MP MG MP G (4.600,5.600,6.600,7.600) 6.1
(C14) VG G MG VG VG | (7.800,8.800,9.200,9.600) 8.82
(Cyp) F G G MP MP | (4.400,5.400,6.200,7.200) 5.8
(Ca1) MG F G MG VG | (6.000,7.000,7.600,8.400) 7.24
(C2p2) F G MG F G (5.400,6.400,7.000,8.000) 6.7
(C23) F G G G F (5.800,6.800,7.400,8.400) 7.1
(C24) F G G G G (6.400,7.400,8.200,9.200) 7.8
(Cap) G MG F VG MG | (6.000,7.000,7.600,8.400) 7.24
(Cs1) G MP F F MP | (3.800,4.800,5.400,6.400) 5.1
(Cs2) G G VG G VG | (7.800,8.800,9.400,10.00) 8.98
(Czpa) VG VG VG G G (8.200,9.200,9.600,10.00) 9.22
(Cs4) VG G VG VG VG | (8.600,9.600,9.800,10.00) 9.45
(C41) VG MG G G G (7.000,8.000,8.800,9.600) 8.34
(C42) MG F G MG VG | (6.000,7.000,7.600,8.400) 7.24
(Cap) F G MG F G (5.400,6.400,7.000,8.000) 6.7
(Cq) F G G G F (5.800,6.800,7.400,8.400) 7.1
(Cs1) F G G G G (6.400,7.400,8.200,9.200) 7.8
(Csp) G MG F VG MG | (6.000,7.000,7.600,8.400) 7.24
(Csp) VG G MG VG VG | (7.800,8.800,9.200,9.600) 8.82
(Cs.4) F G G MP MP | (4.400,5.400,6.200,7.200) 5.8




(Cs5) MG F G MG VG | (6.000,7.000,7.600,8.400) 7.24
(Ce,1) F G MG F G (5.400,6.400,7.000,8.000) 6.7
(Ce2) F G G G F (5.800,6.800,7.400,8.400) 7.1
(Ce3) F G G G G (6.400,7.400,8.200,9.200) 7.8
(Cés) G MG F VG MG | (6.000,7.000,7.600,8.400) 7.24
Table.5 Appropriateness rating against subjective Lean assessment metrics for
Az
Lean Appropriateness rating against individual AFR Crisp value
assessment 2" level evaluation metrics
metrics DM1 | DM2 DM3 DM4 DMb5

(C1a) G G VG VG G (7.800,8.800,9.400,10.00) 8.98
(C12) MG VG MG VG MG | (6.600,7.600,8.200,8.800) 7.78
(C13) MG VG MG G VG | (7.000,8.000,8.600,9.200) 8.18
(C14) G G F MG MG | (5.600,6.600,7.400,8.400) 7

(C1s) G G MG VG MG | (6.600,7.600,8.400,9.200) 7.94
(Cz2) MG F G MG VG | (6.000,7.000,7.600,8.400) 7.24
(C22) F G MG F G (5.400,6.400,7.000,8.000) 6.7
(C23) F G G G F (5.800,6.800,7.400,8.400) 7.1
(Co4) F G G G G (6.400,7.400,8.200,9.200) 7.8
(Cz5) G MG F VG MG | (6.000,7.000,7.600,8.400) 7.24
(Cs1) G MP F F MP | (3.800,4.800,5.400,6.400) 5.1
(Cs2) G G VG G VG | (7.800,8.800,9.400,10.00) 8.98
(Csp) VG VG VG G G (8.200,9.200,9.600,10.00) 9.22
(Cs4) VG G VG VG VG | (8.600,9.600,9.800,10.00) 9.45
(Csy) VG MG G G G (7.000,8.000,8.800,9.600) 8.34
(C42) MG F G MG VG | (6.000,7.000,7.600,8.400) 7.24
(Ca2) F G MG F G (5.400,6.400,7.000,8.000) 6.7
(Cs4) F G G G F (5.800,6.800,7.400,8.400) 7.1
(Cs1) F G G G G (6.400,7.400,8.200,9.200) 7.8
(Cs2) G G VG VG G (7.800,8.800,9.400,10.00) 8.98
(Cs3) MG VG MG VG MG | (6.600,7.600,8.200,8.800) 7.78
(Cs.4) MG VG MG G VG | (7.000,8.000,8.600,9.200) 8.18
(Css5) G G F MG MG | (5.600,6.600,7.400,8.400) 7

(Ce1) F G MG F G (5.400,6.400,7.000,8.000) 6.7
(Ce2) F G G G F (5.800,6.800,7.400,8.400) 7.1
(Ce3) G G VG VG G (7.800,8.800,9.400,10.00) 8.98
(Cea) MG VG MG VG MG | (6.600,7.600,8.200,8.800) 7.78

Table.6. Weighted normalized matrix




0.0866

0.0828 0.0855

0.0714

0.0750 0.0761

Table.7 Preferences of stuff providers firm under lean performance evaluation

strategy by MOOSRA
MOOSRA
A A A, A
Performance
evaluation score 0.408200000000 0.407900000000 0.405500000000
Preference orders 3 2 1

V. CONCLUSIONS

An lean performance measurement problem
under inherently information has been found
as sizzle problem. Recently, the
globalization market has brought new defies
to the business owners. Market is
continuously  fragmenting,  customers’
demands, which also required fast service
from manufacturing firm. Delay in

scheduled production does not make the
reputation of companies ill well, but beak
the relationship of manufacturing firm quite
long time. The result, evaluated by
MOOSRA, shown in fig. 1 that Ag
alternative is best.

mAl
mA2
mA3

Fig: 1 The results shown by MOOSRA
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