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ABSTRACT

A performance measurement framework for a compdrat t
adopted lean manufacturing
achievement in the implementation of lean manufauogusystem.
A comprehensive design of the performance measurteme
framework requires an understanding of all the eles
including performance of perspectives and key iafdics of
measurements, and decision support methods suchuazsy
Analytic Hierarchy Process (FAHP) and Analytic Hiethy
Process (AHP). The comparison of original AHP andHP
methods in term of decision making for lean manufidcg
performance measurement system was performedsipéper. A
benchmarking to compute performance based on wbifateen

is needed to measuré the

Neely et al. [1], the reasons for implementing perfance
measurement systems usually fall into five genemdkgories:
monitoring of performance, identification of are¢hat are in need
of attention, enhancing motivation, improving cormizations
and strengthening accountability. Several authaxetonducted

research on performance measurement systems fan lea
manufacturing, including Anand and Kodali [2] ar],[Wong
and Wong [4], and Agus and lteng [5].

Agus and lteng [5] developed a framework for lean

manufacturing, which is linked to business perfanoea Their
framework consists of two Lean production dimensjamamely:
Just-In-Time (JIT), and Technology and Innovatid&l). The
framework also has two indicators of business pevémce i.e.
Return On Sales (ROS) and Return On Investment RF®and
and Kodali [2] developed a conceptual lean manufagy
framework for small and medium-sized companies. ifThe
framework has 4 pillars/perspectives i.e. custorfmrused,
respect to humanity, elimination of waste, and itwaus
improvement. Anand and Kodali [3]also developed nlea
manufacturing framework used 5 pillars/perspectivith adding
supplier perspective to their previous framework[2h Wong
and Wong [4] developed a lean manufacturing framkviar the

FAHP and AHP was done as a case study in automotive pmalaysian Electrical and Electronics Industry. Fhigamework

company. The result of the weight values of AHP &#&HP
methods indicated almost similar among performarmfetean
perspectives and indicators for the company’s sasdy.

KEY WORDS: Lean manufacturing PMS, AHP, FAHP.
1.0 LEAN MANUFACTURING PERFORMANCE
MEASUREMENT FRAMEWORK

Companies use frameworks to identify an approprige of
performance measures to assess their performamcerding to

consists of three parts, namely: (a) the foundatidmich serves
as a basic condition for improvement to be caroet, (b) the
improvement practices which start with the currstate to the
defined ideal state, and (c) the indicators for ticoous
improvement in the 13 key areas of lean manufagguri
However, there is limitation of the lean performanc
measurements as discussed, such as only a measuren-o
financial dimensions. In contrast, Kennerley andelie[6]
suggested that a framework has to be multi-dimeasiand have
the balance between financial and non-financial suess. The
performance framework shown does not reflect thmpamy
process and specific goals (targets) which arenglyosuggested
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by Lynch and Cross [7], and Fortuin [8].

A comprehensive design of the Performance Measureme

System (PMS) framework requires an understandingllothe
elements that can affect performance measuremsnivedl as
potential subsequent actions, including the dinmrsiand levels
of measurement. According to several authors orstigect [9-
13], the development of a PMS framework shoulde -derived
from strategy, - be simple to understand, - prouideely and
accurate feedback, - reflect the business procedsrelate to
specific goals, - establish more specific perforoeagriteria at
each level, and - periodically re-evaluate the appateness of
the established performance measurement systernewnof the
current competitive environment.

The development and the characteristics of a
manufacturing PMS framework suggest the need foragpiate
Key Performance Indicators (KPIs) [8]. The lean &Rdan
measure progress toward specific goals and helpaking the
most appropriate decisions for lean manufacturictyidies. Lea
and Parker [14] suggested that performance indeatust: be
easy to understand, have visual impact, focus @rdawements
more than on variance and be visible to everybéaytuin [8]
suggested that indicators must: provide quick faelpprovide
information, precisely represent what is being roeesd and be
objective not based on opinions. Therefore KPIs léan
manufacturing PMS framework can used to measureitorp
evaluate and control status i.e. actual and tasget drive
improvement by fact/not based on guesswork. Theyhep to
prioritise decision making in improvement activétiand continue
health checks for the company.

A number of perspectives and KPIs are to be corsiden
order to make decision making in the Lean PMS. Simany
perspectives and indicators are to be analysedti Multeria
Decision Making (MCDM) models present the bestrakéves in
the multiple, usually conflicting, decision criteri The most
popular methods in crisp-based decision making\Wietght Sum
Model (WSM), Weight Product Model (WPM), Analytic
Hierarchy Process (AHP), and ANP (Analytical Networ
Process). Fuzzy-based decision making is basedHfhAethods
known as Fuzzy Analytic Hierarchy Process (FAHP).

Furthermore, in this paper conducted study of cammpa
between Fuzzy Analytic Hierarchy Process (FAHP) Andlytic
Hierarchy Process (AHP) based decision support aolean
performance measurement system in the company.

20 ANALYTIC HIERARCHY PROCESS (AHP)
AND FUZZY ANALYTIC HIERARCHY PROCESS
(FAHP)

The AHP is one of the Multi-Criteria Decision MakifMCDM)
methods. Saaty [15] introduced the AHP method falysing a
complex problem and coping with both the quali@tiand
guantitative aspects of decision-making indicatmysorganising
them into a hierarchical model. The AHP can suppbe
identification and weighting of selection indicatdior decision-
making process, which uses expérjsdgments to derive the
priority scales. In terms of decision circumstancgsaty et al.
[16] and Forman and Saul [17] stated that AHP camged for
applications such as choice, ranking, resourceripziation,
allocation, quality management, conflict resolutioand

lean

performance measurement. The AHP has a consisteference
structure, namely consistency ratios, which ared usemeasure
the consistency of the decision-making processpdfrwise
comparison is inconsistent, the pairwise compassoan be
repeated.

The main steps of AHP are [18]: (a) construct adnhical
model according to the problem, (b) make pairwismparisons
of indicators based on the AHP scale, and (c) cdenfhe result
by calculating the weighted priorities for each thé decision
elements, checking the consistency and aggregttagriorities
elements to get a final priority ranking.

An example of a hierarchical model can be seerignrE 1. It
consists of the goal on level one, several persmc{indicators)
on level two and the alternative choices on leveke. The
linking lines indicate correspondence between theal,g
perspectives and alternatives. Level one line tigktonsists of
the goal and pairwise comparisons between thegdetspectives
and resulted in four comparison matrices at level The
alternatives for decision making are shown on thiéoln linking
lines between perspectives and alternatives. Kinte result is
computed to obtain the priority alternatives atelethree. The
steps to calculate weights priorities are explaimesection result
and discussion.

Perspective 1 Perspective 2 Perspective 3

Perspective 4

|Alternaivea| | Alternative b | | Alernativec |

Figure 1: An example of the hierarchical structure

The AHP can be applied to many fields such as emging,
science, medicine, military [19], social, politicaéconomic,
finance, managements and performance measuremente S
examples of the AHP application include its usedicision
making, e.g. the evaluation of technology investimdgcisions
[20] and prioritization of key indicators for imprimg company
performance [21]. In addition, Vinodh et al. [23Jpdied AHP to
the choice of the best implementation of lean oy to
increasing business success.

The primary strength of AHP in decision making liesits
ability to rank choices in order of their effectiess and
efficiency. However, the original AHP uses crispmiers in
comparing one alternative with another. Comparigaigment
depends on human perception, which always contagueness
and imprecision. The crisp numbers often fail tptaee this
vagueness [23]. Moreover, Kabir and Hasin [24] dbsd the
disadvantages of the AHP application to includs:use of an
unbalanced scale of judgment, its failure to captuhe
uncertainty associated with the mapping of onefgruent to a
number, its ranking's relative inaccuracy, and itssults
containing subjective judgment in terms of selectiand
preference of decision-makers.

Meanwhile, In terms of measurement,
improvement of company performance, the FAHP metbad
accommodate a wide range of qualitative and quesivit
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measures. These would be based on an establishedf se
evaluation performance indicators and decisiorrdtieves. The
set of indicators and alternatives are construdgtedhierarchy
corresponding to decision maker values. The FAHEhatkcan
calculate the weighting and rank priorities forkeat the decision
indicators/alternatives in precise human judgméience, the

vagueness in human

judgment for

performance could be avoided. The comparison of Adiiel
FAHP in term of performance measurement is shovifaisie 1.

Table 1: The comparison of original AHP and FAHRhoes by

several authors

Authors Original AHF FAHP
Using an unbalanced More balance scale of
scale of judgment; judgment; FAHP
AHP ranking’s ranking'’s relative
relative inaccuracy; accuracy; and FAHP
Kabir and and AHP results results not containing
Hasin [24] containing subjective  subjective judgment

judgment in terms of
selection and
preference of
decision-makers.

in terms of selection
and preference of
decision-makers.

Jaskowski et

Cannot improve
quality of criteria

Improve quality of
criteria prioritization.

al. [25] Y
prioritization.
Based on individual It allows group
decision-making to decision-making to
Tang and

Beynon [26]

derive priorities on
pairwise comparisons.

derive priorities on
pairwise
comparisons.

Lee et al. [27]

Lack of practice in
real measurement
when an uncertain
pairwise comparison
environment exists.

Can obtain the
relative importance in
real practice where an
uncertain pairwise
comparison
environment exists
and provide
performance
evaluation
suggestion.

Tan et al. [28]

Cannot be used to
account for variations
in degrees of
confidence; such as
nuances/traces.

Can be used to
account for variations
in degrees of
confidence, such as
nuances/traces.

Gupta and
Nukala [23]

Decision makers to
present their
references using crisp
numbers that often fail
to capture vagueness.

Decision makers to
present their
references using
fuzzy numbers that
allow within a
reasonable intervi

3.0 METHODOLOGY

In order to develop a lean manufacturing PMS fraor&wit is

decision making in
measurement, evaluation and improvement of the eomp

company and its specific environment. A clearerinitdn of
lean principles was identified from various relevamdustrial
work activities that support the lean implementat{practices).
Then, the key performance indicators (KPIs) of leetivities that
would have a significant influence on company penance were
identified. Furthermore, the proposed method wapleyed the
hierarchy that consist of goal at first level, pastives at second
level and indicators/alternatives at third levehefe are two
methods was performed to determine the degree mdritaince of
the perspectives and indicators or alternativesthea PMS
proposed framework. Sub-sequences, a lean mantiferfeMS
framework based the PMS structure and process dethech as
the AHP and FAHP were developed in this paper.

3.1 Original AHP method

In the original AHP demonstrated by Saaty [15]eaision maker
expresses judgment about the importance of onmattee over
another by using a crisp number. Steps to calcuhateghts
priorities in the AHP method are following [15]:

1. Congtruct hierarchy of the problem

2. Pairwise comparison matrix

The matrix C contains pairwise comparison vau-rie‘or alli,j ol

{1, 2, ..., n}. Let n be the number of criterion aAd, A2, ..., An
be their corresponding relative priority given bgeodecision
maker.

1 %2 43 Sn 1y o
c={C1 C22 C23 - Con |z|/A : (1)
Ca %2 %3 ¢ Sl [Fan Fam oo 1

For multiple decision makers: It is used aritmethiean to
defind a new judgment matrix by each decision maHére
number of decision maker is denoted as h and itké pairwise
comparison value of criteria i and j given by damsmaker k,
wherek=1, 2, ..., h.

c;kl+ck2+...+c;kn

Cij = h
1 n
Ci= 1 2 i @
k=1
3. Calculate eigenvector and eigen value for getting the weights
and Amax

The calculating of eigenvector for matrix C: muljipeach
member of the matrix row and power of 1/n wheresnthe
number of columns, then divided by Sum c.

(011*012*%)1/ "
Sumc n

(°21*°22*°2n) ©)
Sumc

(°31*°32*°3n) "
umc

EigenvctorC (Weights)=

better to have multi-dimensional perspectives aadopmance
indicators that can accurately represent the dymarature of a
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Where Sum c is:
S‘Jm‘?:(clfclz* Nln)ll ”+(c21*022*c2n)” n*(%1*°31*°3n)1/n 4

Calculate largest eigenvalug, (. ) of matrix C:
o xn YN
(e
Sunt
(o108 | (5)
Anad ©1S %) (©7%5%) ©gegagh] 2222
]
(csgesgen)
Sunt

4. The calculating of consistency

The consistency indexC() and consistency raticCR) to verify
the consistency of the comparison matnixs the matrix size and
Rlis random index (see tabl€)l andCR are defined as follow:

Cl={A ) (n-1) ©)

CR=CI /RI @)
Table 2: Rl index table [15].

Sizel 92| 3|45 |6 |7]|8|9]|10]11]12

(n)
RI_]O |0 [058] 09] 114 124 13P 141 145 149 18158

The proposed framework of PMS using the originalPAfdr lean
activities is composed of the following steps:
Step 1: Identify the perspectives and indicatorerahtives to be

used in the PMS framework model that could have a

significant influence on company performance.

Step 2: Construct the AHP model hierarchically dase the
perspectives and indicators/alternatives identifie@tep
).

Step 3: Determine the degree of importance, alsowknas
weights of the perspectives and indicators/altéraatby
using the AHP method.

Step 4: Collect the information of achievement ihet
performance indicators of lean manufacturing atiéisi
in the step one (1).

Step 5: Calculate lean performance based on wéightep (3)
and scoring of lean practices in step (4), and thes
ranked to decide the priority.

Step 6: Analyse and established target improverhased lean
performance priority ranking in step (5).

3.2 The FAHP Method
The FAHP is more precise than the original AHP &ptare
vagueness in human decision making. The proposéedPrdeals
with the vagueness of the judgment by translating to a fuzzy
number with a triangular membership function withcentral
value for the fuzzy number. This corresponds tocitigp number
given by the decision maker. The judgment from ssvégecision
makers is then aggregated and the arithmetic mparation of
the fuzzy number is then used within a procedureatoulate the
weight vector.

The FAHP method was proposed to tackle the vagseaed
uncertainty existing in the perspectives and thigcitors, in the
judgment of the decision-makers in evaluating theanl

manufacturing activities alternatives. The stepsHAHP used in
this proposed method are as follows:

« Establish a decision group,

« Members of the decision groups make a judgmenten t

importance of the lean manufacturing activities,

« Aggregate judgments of the decision maker,

* Check consistence,

¢ Calculate the weight.
For detail calculation or formula and procedure cmmpute
weight values using the FAHP method that available
Susilawati et al. [29].

The proposed framework of PMS using the FAHP fanle
activities is composed of the following steps:

Step 1: Identify the perspectives and indicatoiariahtives to be
used in the PMS framework model that could have a
significant influence on company performance.

Step 2: Construct the AHP model hierarchically base the
perspectives and indicators/alternatives identiéie&tep
(2).

Step 3: Determine the degree of importance, alsowknas
weights of the perspectives and indicators/altéraatby
using FAHP method.

Step 4: Collect the information of achievement ihet
performance indicators of lean manufacturing agési
in the step one (1).

Step 5: Calculate lean performance based on wéighktep (3)
and scoring of lean practices in step (4), and thes
ranked to decide the priority.

Step 6: Analyse and established target improverhased lean
performance priority ranking in step (5).

4.0 RESULT AND DISCUSSION

In this section, the application of the lean PMSdeidbased the
FAHP or the original AHP is presented as a casdysat the
discrete manufacturing industry (automotive compairy the
Indonesian manufacturing industry. The applicatioh lean
manufacturing PMS that consists of identifying fherspectives
and performance indicators; construction of theucitre
hierarchy; conducted a pairwise comparison and daltaction.
Furthermore, this section explains the analysis and
recommendations for the case study undertakereatdmpanies.

4.1 Application of the Lean Manufacturing PMS in Case
Study Company

The aim of the application of the lean performanwasurement
system in case study company is to measure, eeaunt decide
upon the potential improvement for the lean ad#sit on the
company'’s overall performance. The AHP method wapleyed
to decide upon the priorities of the lean actigitée an operational
level, in order to link the competitive prioritigs the business
perspectives, which impact on the company’s overall
performance. Then, it was done for the FAHP metasdvell,
and then the results were compared.

4.2 Determination of Perspectives and Performance
Indicators, and Construction of a Hierarchy Structure
The company has a strategic plan to make sure ridugtion
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processes increase and are efficient manner. Tdrerethe presented in Figure 2.
company focuses on product processing has beennestha
Consequently, the company needs to measure anavmphe Goal | Companies Overall Performance |

company’s overall performance by achieving the camys g :
strategic goals, which use six specific perspestivend Perspectives | Financial I Customer 5‘,‘525‘5" Processl People | p..ml
performance indicators of the lean activities, ieas of the e L -

manufacturing efficiency process, which selectedfgomance

«Eliminate time spent on engineering change

indicators are required to investigate as follows: “Eliminate efects in products
Manufacturing efficiency process: Indicators/ Eliminate excessive lead time
e : . . alternatives «Eliminate excessive movement of workers
* Eliminate time spent on engineering Change «Eliminate excessive scrap

«Eliminate idleness of workers
<Eliminate machine down time

¢ Eliminate defects in products

¢ Eliminate excessive lead time

¢ Eliminate excessive movement of workers
¢ Eliminate excessive scrap

¢ Eliminate idleness of workers

¢ Eliminate machine down time

Figure 2: The lean manufacturing PMS hierarchycfampany’s
case study

4.3 Conduct a Pairwise Comparison and Data Collection

The collection of data using a structured interviamd a self-
administered questionnaire were undertaken by tveadHof
Department Sections. They identified weights (redhy

important) of selected lean manufacturing perforcegimdicators
using the pairwise comparison and the degree ofidemce in

their making of the pairwise comparison judgmettte Tollection
of data and the resulting data pairwise comparifon

performance perspectives and performance indicatorsthe
selected manufacturing efficiency process at thapamy’s case
study were depicted in Tables 3 and 4 respectively.

Subsequently, a hierarchy structure was construséesgd on
the selected perspectives and performance indgcatothe lean
activities. The hierarchy consists of:

Level 1: the overall objectives that improve theel
performance of the company.

Level 2: measurement perspectives: the financiabpsetive,
supplier issues, customer issues, process, peogliiaure.
Level 3: decision indicators/alternatives.

According to these elements outlined above, theahiay for
the lean performance measurement of the compaagts study is

Table 3: The pairwise comparison for the secondllef/the hierarchy.

Decision Financial perspective Customers issues Supplier issues Process People Future
The lean - X Confidence Confidence Confidence Confidence Confidence Confidence
perspectives making
members Scale qegree on Scale Qegree on Scale Qegree on Scale qegree on Scale Qegree on Scale Qegree on
judgment judgment judgment judgment judgment judgment
Financial perspectives A 3 90% 1 90% 2 90% 4 90% 2 90%
B 5 90% 2 90% 3 90% 4 90% 1 90%
Supplier issues A 1/5 90% 1/2 90% 2 90% 1 90%
B 1/5 90% 1/3 90% 1/2 90% 1/4 90%
Customer issues A 2 90% 3 90% 4 90%
B 1 90% 3 90% 2 90%
P A 3 90% 2 90%
B 2 90% 2 90%
People A 1 90%
B 1 90%
A
Future B

Table 4: The pairwise comparison for the third leféhierarchy in the manufacturing efficiency pess.

Eliminate time sper Eliminate defects Eliminate Eliminate excessiv Eliminate Eliminate Eliminate
- - on engineering P excessive lead  movement of " idleness of machine down
The lean |nd|cato.rs foDeC|§|on change in products - B — excessive scrap e S ey
thzcrig?:;;fzfgéggg nr::rkr:rt;gr Confidence Confidence Confidence Confidence Confidence Confidence Confidence
SScale degree on Scale degree on Scale degree onScale degree on Scale degree on Scale degree onScale degree on
judgment judgment judgment judgment judgment judgment judgment
Eliminate time spent A 1/5 90% 1 90% 1 90% 1/4 90% 1/2 90% 1/3 90%
on engineering change B 1/4 90% 1/3 90% 1 90% 1/4 90% 1/2 90% 1/3 90%
Eliminate defects in A 3 90% 2 90% 3 90% 1 90% 1 90%
products B 1 90% 2 90% 3 90% 1/2 90% 1/2 90%
Eliminate excessive A 1 90% 1 90% 1/5 90% 1/3 90%
lead time B 1 90% 1 90% 1/5 90% 1/4 90%
Eliminate excessive A 2 90% 1/2 90% 1/2 90%
movement of workers B 2 90% 1/2 90% 1/3 90%
Eliminate excessive A 1/2 90% 1/3 90%
scrap B 1/4 90% 1/3 90%
Eliminate idleness of A 1/2 90%
workers B 1/2 90%
Eliminate machine A
down time B
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4.4 Comparison of Weights between AHP Method and FAHP
Method for Lean Manufacturing PMS
The comparison of original AHP and FAHP proposedhods
was performed in this section. Steps to calculaghts priorities
in the AHP and FAHP methods can be seen
Methodology. The comparison results of weights leetw for
original AHP and FAHP methodsere presented in Table 5 of
the lean performance perspectives) and Table 6hef Iean
performance indicators of manufacturing efficiepecgcess).
Demonstrated sample calculation and procedureeobtiginal
AHP method.
1. Construct hierarchy of the problem
The lean manufacturing PMS hierarchy for compaegse study
was depicted in Figure 2.

2. Pairwise comparison matrix for AHP method
1= Financial perspectives; 2 = Supplier issues; @ustomer
issues; 4 = Process; 5 = People; and 6 = Future.

Decision making 1 Decision making 2

1 2 3 4 5 6 1 2 3 4 5 6
1 1 3 1 2 4 2 1 1 5 2 3 4 1
2 0331 0205 2 1 2 02 1 0203305025
3 15 1 2 3 4 30551 1 32
4 05 2 051 3 2 4 0333 1 1 2 2
5 025050330321 1 5 0251033051 1
6 05 1 02505 1 1 6 L1 405051 1

Combine matrix by each decision maker using Eqog).

1 2 3 4 5 6
1 1 4 15 25 4 15
o 0267 1 02 0415 125 0625
3 075 5 1 15 3 3
4 0417 2515 075 1 25 2
5 025 075 0333 0417 1 1
g 075 25 0375 05 1 1

3. Calculate eigenvector and eigen value for getting the weights
and /]max
n==6

(1*4*1.5*2.5*4*1.5)1/ 6

Sumce
( 0267*1*0.2*01415*125*0525)

Sumc
(0.75*5*1*1.5*3*3)1/ 6
Sumc
( 0417*2515*0.75*1*2.5*2)
Sumc
( 025*075*0333:0417:11)
Sumc
( 0.75*025*0375*0.5*1*1)

Sumc

1/6

EigenvctorC (Weights)= U6

1/6

1/6

in Section

sume = (1+4*15+25+4*1.5) Y 6 + ( 026741+02*01415*125+0625) /©
+(075*5*1#15+3*3) 1/ 6 + ( 0417+ 25157075+1*25+2) 1/
+( 025+075+0333:0417+1*1) V/® + ( 075*025+0375+05+141) /8

Sumc = 7.1896
Eigenvector (weights) =2.1169/7.1896 0.294
0.5085/7.1896 0.071
1.9234/7.1896 0.268
1.2562/7.1896 0.175
0.5444/7.1896 0.076
0.8401/7.1896 0.117
The weights:
1. Financial perspective 0.294
2. Supplier issues 0.071
3. Customer issues 0.268
4. Proces 0.17¢
5. People 0.076
6. Future 0.117
Calculate largest eigenvalug,(..) using Equation 5:
0.294
0.071
Amax =[ 3431577 4.166.3312.75 9.19 | 3258
0.076
0.117

Am ax- 667

4. The calculating of consistency

Using Equation (6)C I= (6.67 - 6)/(6-1) = 0.075
From Table 1. Rl table: n = 6, RI = 1.24.

Then using Equation (7)JCR= 0075/124=0.061

Meanwhile, the calculation and procedure of weiditsthe
FAHP method was based on Susilawati et al. [29 FAHP
analysis consistency is presented in Table 5. Témsistency
ratios (CR) for each member and group of decisi@kers are
less than the 0.10 that was depicted in Table &réfbre, it can
be concluded that the lean activities performaneasurement is
consistent and acceptable.

Table 5: Consistence Ratio (CR) for the FAHP method

CR
Hierarchy Decision  Decision Group
maker A maker B
Level 2 (perspectives) 0.022 0.058 0.091
Level 3 (indicators/alternatives) on  0.042 0.070 0.083

process of manufacturing efficier

Table 6: The comparison using the FAHP proposedhateand
the original AHP method for the lean performancespectives in
company'’s case study

The lean The FAHP proposed The original AHP
performance method method
perspectives  Weight Rank Weight Rank

Financial 0.297 1 0.294 1
perspective

Supplier issues 0.071 6 0.071 6
Customer 0.262 2 0.268 2
issue

Process 0.171 3 0.175 3
People 0.083 5 0.076 5
Future 0.11¢ 4 0.11% 4
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Table 7. The comparison using the FAHP proposethodeand
the original AHP method for performance indicatofshe
manufacturing efficiency process in company’s csigdy

The lean performance The FAHP The original AHP
indicators of proposed method method
manufacturing . )

efficiency process Weight Rank Weight Rank
EI|nj|nate_ time spent on 0.059 7 0.059 7
engineering chang
Eliminate defects in 0.193 3 0198 3
products
Eliminate excessive
lead time 0.084 6 0.084 6
Eliminate excessive 0.099 4 0.097 4
movement of workers
Eliminate excessive
scrap 0.087 5 0.085 5
Eliminate idleness of 0.211 5 0.210 5
workers
Ellmlna_lte machine 0.267 1 0.267 1
down time

The Tables 6 and 7 presented for the AHP and FAldthoas
showed the weights were almost similar results. Tata
provided for both methods had been derived fromvemagerial
levels in company’s case study. The data was gadhasing
questionnaires and structured interviews, which taian the
quantitative and the qualitative forms. The datults provided
the extent of the degree of confidence on theigijoent. In fact,
both managers have 90% confidence in their judgrtieatt was
shown in Table 3 and 4. The FAHP proposed methad tha
capability to cope with variations in degrees ohfidence; can
obtain the relative importance in real practice igha&n uncertain
pairwise comparison environment exists; and moeeyx reflect
human opinions. Meanwhile, it had not been accalie the
original AHP. Specifically, the CR result producéy both
methods was also almost similar (less than 0.1)wéver, the
FAHP proposed method has capability to check thetWiBe as
an individual judgment and then aggregated by eaember
group judgment. Whilst, the original AHP was onheck once as
aggregated by each member of group judgment. Torexeh this
case, the weights and the CR produced by the FAEtRad were
more natural, practical and accurate.

4.5 Analysis of the Data Weights

In Table 6 and 7 can observed the value of weigbigribution
improvement impacted upon the overall performarfcthe lean
activities in the company’'s case study. The com{zabusiness
impact had a high priority for the financial persgrees, with the
weights at 0.297 for FAHP method and 0.294 for ineg AHP
method. The lower priorities in the overall perfamee
measurement of the company's case study were adatole
perspectives for supplier issues of 0.071 for kbth FAHP and
original AHP methods.

Table 7 presented the weights and priority ranlohthe lean
performance indicators/alternatives in the manuféat
efficiency impacted upon the perspectives of thengany. To
eliminate the idleness of workers was the high rjiiés, which
the value of weights contribution improvement intedcat 0.267
for both the FAHP and original AHP methods. The dow
priorities were awarded to the time spent on ergging changes
of 0.059 for both the FAHP and original AHP methods

o
5.0 CONCLUSION

In this paper, the proposed framework of lean maciufing
PMS consists of the indicators and perspectives lezn
manufacturing activity. The development of a framew to
measure the company’s performance used Fuzzy Aoalyt
Hierarchy Process (FAHP) and Analytic Hierarchy dess
(AHP) in term of decision making. For benchmarking
comparison, both methods (AHP and FAHP) were agpdie a
case study in automotive company, in Indonesianufaaturing
industry. Both methods produced almost similar Itesuo
generate the weights and the CR. It can be notédeifdata is
certainty (degree of confidence = 100%) then thgiral AHP
method might be preferred. However, if the datainsertainty
(degree of confidence between 0% and 100%) thernFkidP
proposed method might be preferred. In this caseystthe
decision makers have uncertainty on their judgméegree of
confidence was 90%). So in this case, the FAHP gzep
method was more applicable and realistic than tigtnal AHP
method to generate the weights and the CR.
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