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Abstract: Problem statement: In today’s manufacturing world, globalization padis and
rejuvenation have created a more intensive conetamongst manufacturers. On the other hand,
manufacturers have turned to the option of adoptimgvative technologies, process re-engineering
and strategies such as efficient supply chain nmemagt to achieve a sustainable competitive
advantage. Effective supply chain performance measent has been identified as a key issue towards
efficient supply chain management. To explore tkier@ of research in supply chain performance
measurement and establish the gap in knowledgeipplg chain performance measurement using
fuzzy logic operationApproach: Literatures in the area of supply chain performamssasurement
had been extensively reviewed. Both traditional d&ndzy logic approaches to supply chain
performance measurement were scrutinized. Furttrrtisy was carried out to establish potential
research areas in the application of fuzzy logierapons in supply chain performance measurement.
Results: The supply chain performance measurement using/ flogic operation was identified as a
new direction in measuring the uncertainty and aoiby surrounding supply chain performance
measurement. Direction for further studies in tppliaation of fuzzy logic operation in supply chain
management and its performance measurement weradealstified. Conclusion: Result of this study
implied that there is still a gap in knowledge e tarea of supply chain performance measurement.
This new direction of studies involved extending txisting supply chains to incorporate product
recovery after the useful life.

Key words: Supply chain, supply chain performance measurensepply chain management, fuzzy
logic

INTRODUCTION thus a need for an effective management of thelgupp
chain rather than just the internal factrsFor an
Supply chain management concept originated froneffective and credible management of the customer,
the recognition that the process of transforming ra joint effort of the suppliers, manufacturers and
materials into final products and delivering thosedistributors is requiréd. As supply chain focuses on the
products to customers is becoming increasinglyrocesses management within and  beyond
complex. On that note, it has become increasinglyrganizational boundaries, thus a measure of its
apparent that analysis as well as the subsequeptrformance is necessary for its effective openatind
improvement of the individual supply chain echelonscontrol. This study looks at the various studiesopply
does not lead to improvement of the supply chaim as chain performance measurement and points out their
whole. Therefore, the concept of the supply chairachievements as well as their limitations. Seqodhe
emerged to describe all production stages from radimitations highlighted in the review, new direat®for
material procurement to final product deliveryhie end  future studies are proposed.
usef*?. Competition in the manufacturing environment
has shifted from individual firms to their respegeti Supply chain: Supply Chain comprises a worldwide
supply chains, therefore only a firm with agile andnetwork of suppliers, factories, warehouses, digtion
versatile supply chain can sustain the effectivecenters and retailers through which raw materigés a
competitive eddé”. With product demands being more acquired, transformed and delivered to the end®lser
customer-driven, shrinking product lifecycles andSupply chain is a combined system which comprises
alternative products springing up by the hour, ¢hisr  planning, sourcing, making and development of
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processes with its constituent parts to includeenst Supply chain management: Based on definition by
suppliers, production facilities, distribution cerst and Wong and Wond®, supply chain management is a set
customers linked together through the feed forvitand  of approaches utilized to efficiently integrate gligrs,

of material as well as feedback flow of informafidfl. manufacturers, warehouses and stores so as togerodu
Hult et al.™ described supply chain as value-addingand distribute products and services to the custoiie
relationship  between  partially  discrete, yetthe right quantities, right locations at the righme,
interdependent entities that cooperatively procamd  minimizing the system wide cost while satisfying th
transform raw materials into finished products tlylo  service level requirements. Supply chain management
sequential network structures. According to Bedfhon according t§' and Vonderembset al.®! involves the
supply chain is an integrated process which inwihe  systematic, strategic as well as operational datisi
processing of raw materials into finished goods andnaking which are put in place for an effective and
making them available to the end user. Clearal.!  efficient supply-chain performance. Mentzer al.l®!
described supply chain as the partnership andianeé  and Charet al.!! defines supply chain management as a
involving suppliers, downstream customers and adfos systematic, strategic coordination of the tradiion
logistics service providers to exploit their capigibs in ~ business functions within a particular organizatéom
order to create value for the end consumer. Thacross businesses within the supply chain for the
definition of supply chain is not exhaustive sisepply  purpose of enhancing long term organizational
chain concept has a lot of implications to différen performance and the overall supply chain. Suppéirch
practitioners depending on where they are comiomfr management is the most advanced state in the
Primarily, this chain is made up of four basic deshe  development of evolutionary purchasing and
including, the suppliers, manufacturers, distrilbsitand  procurement and other supply chain activities.
end users. These echelons are characterized leyetiff Hervaniet al.*® further highlighted that supply chain
constituent facilities, thus making the chain a pam  management involves the coordination and
network. Sabri and Beam®hstated that following the management of a complex network of activities
nature of the chain, any factor which affects anyinvolved in the development of finished producthe
particular element in the chain will be extendedhie  end user or customer. Supply chain management has
rest of the chain. Vonderembeteal ! classified supply been described as an integrator amongst suppliers,
chain into three different categories which arenlea suppliers’ suppliers, manufacturers, distributonsd a
supply chain, agile supply chain and a hybrid syppl customers which uses certain tools such as infoomat
chain which is a combination of the two. Xtial."?  technology to actualize customer expectatitit®
supported this by asserting that four differentpbyp Thus, it can be described as a process which iegolv
chain strategies have been adopted by differendourcing raw materials and parts, manufacturing and
companies in different times to compete in a giverassembling products, storage, order entry and itrgck
market and these are lean supply chain, agile guppMdistribution of goods using different channels dindl
chain, legible supply chain, adaptive supply chhgan to the end user. This can be described in othedsvas
supply chain was described as the type of sug_siﬂtjnch the management process that deals with inbound and
which employs continuous improvement apprdactt  outbound logistics flows, from focal organizational
was further expounded that these efforts are geargubint of view, involving its suppliers and customer
towards the elimination of waste and non-value agidi The competition has also moved from the ability of
processes within the chain, thus leading to internaindividual firms to the robustness of their supphain.
manufacturing efficiencies and set up redudlith  Although supply chain management is a relatively ne
This type of supply chain lacks considerableand rapidly expanding field, it is transforming the
responsiveness to external requirements such gmttern in which manufacturing and non-manufacturin
customer needs. On the other hand, agile supplin chaoperations sought customers’ né&ls Therefore,
was described as a supply chain with focus on direcsupply chain management involves the coordination o
interface between the companies and markets, imglv supply chain function in order to achieve optimum
external perspective on flexibility and responsiaesy. performance. Implementation of Supply Chain
This was further explained as taking a customemted management is a long drawn process which requires
approach by adopting flexibility and dynamism asros both restructuring of internal organizational aitiés
organizations. The hybrid is a combination of agitel and a proper investigation and analysis of the
lean supply chains. Efficiency and effectivenessaof relationship existing between the manufacturer ted
supply chain irrespective of the type lies in efifeeness  suppliers, distributors and others involved in tadue

of its management. creation process.
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The manufacturing environment is characterized bysupply Chain Performance Measurement (SCPM):
unlimited dynamics which makes this process veryPerformance measurement according to Bhagwat and
demanding, thus the supply-chain management systeﬁharméP] describes the feedback on operations which
should be able to coordinate the revision andare geared towards customer satisfaction and gicate
improvement of plans and/or schedules across supplylecisions and objectiveShey further pointed out that
chain functions. For an effective implementation ofPerformance measurement reflects the need for
supply chain management, all parties involved niest Improvement in operational areas which are found
taken into account, such as the suppliers, sugplier Wanton in performance measures. NEBlydescribed
suppliers, various functions within the manufagtgri Performance measurement as the process of quaniyi
organization, distributors, retailers and every tpar the efficiency and effectiveness of actions. Based

1] i
whose contribution can aid in the promotion of a th Neelytht_at al. q assertlonts,_ whenbyou can hmeasured
organization’s market share. It has been pointed o omething and express It in numbers, you have goo

that, for an effective and credible managementhef t ackground knoyvl_edge about it o_therW|se your
; e . knowledge about it is meager and unsatisfactorpldta
customer, there is need for joint effort of the igrs, k2 . : .
manufacturer and  distributd&  According  to and Nortorf“ supported this by their exertion that what
i [23]
Lai et al.' and Mentzeet al. [, effective supply chain Yoo ToaoWe 1S what you get. Gunasekesaral.

Ci i ational effecti identified effective performance measurement as
management increases organizational efiective rackS anecessary in supply chain management. Bnaent
leads to improved customer value, better resourc

o ) X ] €&head to identify performance measurement as having
utilization and improved revenue. Liangt al.™"  the penefits of stabilizing the process and idgintif
highlighted ~ that for an effective supply chain areas for further improvement within the system. He
management; there is need for overall performancgrther stated that measurement of performance will
evaluation of the entire SC, therefore a combimatbd 5|sg reveal whether there is need for an organiati
resources of the chain members in the most efficiencontinuation in its current method (maintaining the
way so as to generate competitive as well as cosftatus quo) or adopting a re-engineering of itsespgo

effective products and services. affect the areas which are found deficient. &taal.M”
exerted that lack of adequate performance measateme
MATERIALSAND METHODS has been identified as one of the major obstades t

efficient supply chain management. It is an esthiell

The materials and procedure applied in this studyact that in order to improve supply chain effeetiess
involved the use of books and journa' artic'esand rea”ze a SmOOth ﬂOW Of resources W|th|nhere iS
containing researches in supply chain managemeht arf need to measure its performaht®
supply chain performance measurement. Special
emphasis was placed on the application of fuzzyclog Traditional approaches to SCPM: Many attempts
in supply chain performance measurement. This iflave been made on supply chain performance
because fuzzy logic operation has a lot of benefitsneasurement using conventional approaches. Some of
which are reflected in the fuzzy aspect of thisdgtu these approaches are reviewed here under.

The journal articles were searched with differerdrsh The supply chain operation reference modes wa
engines through the most popular electronic journaproposed by supply chain council in 1996 as a
holding organizations on the internet. The searcframework which integrates the basic concepts of
involved searching for supply chain performancebusiness process re-engineering, bench marking and
measurement. The next stage involved searching withrocess measurement into a cross-functional
the same phrase with the affixing of fuzzy logithis  frameworl®. Sabri and Beam&hused a performance
also brought some result which forms the part @f th vector to integrate strategic and operational aiglgf
sources. These results were sieved for relevantieeto supply chain in order to describe the efficiencyd an
topic under consideration to ascertain their vigbdnd  effectiveness within the supply chain. Wong and
relevance. The selected literatures were thenwede Wond™ provided a frame work with which to study
in-depth to reveal the content which forms asupply chain performances by developing a Data
considerable part of this work. The next thing was Envelopment Analysis (DEA) model for the internal
understand the perception of different researchleosit  supply chain performance efficiency using case ystud
performance measurement. From there, it was extendepplications. Chert al.”® investigated the efficiency
to incorporate performance measurement in supplgxisting between two supply chain members and
chain context. established the existence of equilibrium efficieptans
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for both supplier and the manufacturer regardirgirth measurement of performance in logistics studies by
efficiency functions. Liangt al.*® developed a several examining the various ways in which “performance”
DEA-based approach suitable for measurement offias been defined. Data collection methods, sowcds
supply chain efficiency when intermediate measares the measures that have been used were identified an
built in into the evaluation scheme. Chen al.”®, potential sources of performance data were idextifi
proposed several DEA-based supply chain efficiency  Most of these approaches have, to a great extent
functions aimed at identifying the inefficiency hith  contributed in performance measurement of a supply
the chain members by developing two efficiencychain, but there are still rooms for improvement as
functions for the manufacturer and the suppliereyTh highlighted in the ensuing lines. As pointed ouf®y
were able to identify that there exist several Nashthey are inflexible and lack continual improvemeltt.
equilibrium in the supplier-manufacturer game amel t was further pointed out that complexities in supggin
bargaining model can be used to determine a uniqusmanagement have made these techniques cumbersome
sub-game perfect Nash equilibrium in exise&e when dealing with a large amount of d&tain addition,
Lai et al.*”! developed a measurement model and dheir inability to handle ambiguity, stochasticnd in-
measurement instrument with an established me&sure conciseness inherent in supply chain performance
supply chain performance in transport logisticsedlasn  measurement renders them appropriate to a certain
a SCOR model. They came up with a SCP measuremelimitation®*3, These deficiencies have led to the
instrument which reflected the effectiveness oWiser application of a more robust and computational bkga
for the shippers, operation efficiency for transpor approach in the form of fuzzy operations in the
logistics service providers and finally service measurement of supply chain performatcé.
effectiveness for consignees. Liaagal.’®, developed
new DEA-based models which were aimed at correctlyFuzzy Logic (FL): Fuzzy logic originates from fuzzy
characterizing a multi-member supply chain operatio set theory which was proposed by Zdtférand has
and at the same time to calculate the efficiencfeabe  since found a number of applications as a theory of
supply chain operations and its members. This wagraded concepts. It provides a mathematical framewo
aimed at correcting and making up for the inadeiggac where vague, conceptual phenomena can be rigorously
of convectional DEA model at evaluating multi-membe studied®. Fuzzy logic models human experiential
supply chain operations directly. This model wasoal knowledge in any domain. When applied to solve
believed to be extensible to multi-stage productiorperformance measurement or prediction problems,
systems. BaramicH&! proposed a tool called the Agile fuzzy logic takes the help of the knowledge frore th
Supply Chain Transformation Matrix (ASCTM) and the domain expert and employs fuzzy arithmetic to poedu
implementation methodology for a systematic apgroacfuzzy inference systems. Fuzzy logic is an appbecat
to achieve agility in the supplier-buyer supplyichthus  of the fuzzy set theory particularly used in degwmith
helping companies create and improve their agbigy process imprecise information with a changed
relating the business changes with the appropriatemembership functidft. Fuzzy operation is a process
approaches for supplier-buyer supply chain confition  of ‘crisp-fuzzy-crisp’ for a real system in whickhet
and supplier-buyer relationship establishment andriginal input and the terminal output must be gris
determining the business processes and theariables, but the intermediate process is a fuzzy
infrastructures needed to support the creationgitt a inference proce§§. Fuzzy inference is a method that
capability. interprets the values in the input vector and assig
Berrah and ClivillE® developed a frame work values to the output by means of some set of fuzzy
which links elementary performance expression #® thrules. In a classical set, an element either beldagr
over all performance in a supply chain. Aggregationdoes not belong to a set. Since fuzzy sets describe
was done using Choquet integral operator. Theméra vague concepts based on the premise that the eiemen
work allows comparison of situations conventionally used are not numbers but belong to words or thageval
considered as “incomparable”. Zheng and “fai of a linguistic variable, an element of a fuzzy set
proposed a supply chain performance evaluatiomaturally belongs to the set with membership values
system which uses a quantified indicator system tdrom the interval [0, 1]. The shape of the membigrsh
measure and evaluate the performance in an agilenction of fuzzy sets can be either linear (trapaal
virtual enterprise. This is an improvement on theor triangular) or various forms of non-linear, degiag
traditional Balanced Score Card by extending ibint on the nature of the system being studied. To
five dimensions based on the Rough Set theorymplement fuzzy logic technique to a real applicati
Chow et alP¥ examined the definiton and requires the following methodology (Fig. 1).
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to mimic normal human reasoning but in a rathetefas

Inp date way. Fuzzy logic is an empirical based model which
L relies on the experience of the operator and pesvil
simple way to arrive at a definite conclusion based
— Fuzification poin upon va_lguaez,] ambiguous, imprecise or missing input
informatior*?. Although the approaches in fuzzy logic

are quite descriptive, they are capable of mimigkin
normal human reasoning at a very highPaté? It is
very robust and forgiving of operator's data inpund
often works when first implemented with little oo n
tuning. It is inherently robust as it doesn’t requi
precise data inputs and the output and/or feedlzaak
— Defuzzfication poin smooth function despite a wide range of input
variatio”’. The application of fuzzy is not limited to a
¢ few feedback inputs and one or two outputs andaeit

is it necessary to measure or compute the ratbaige
Outpu data of parameters in order for it to be implemeftét
Based on the rule-based operation any reasonable
) _ o number of inputs can be processed (1-8 or more) and
Fig. 1. Methodology for fuzzy logic application numerous outputs (1-4 or more) can be generategl. Th
use of fuzzy logic can be applied to measuring the
performance of non-linear systems which would be
difficult or impossible to model mathematically.

Knowledge D?(%is(l;or

base

From Figure 1, it can be seen that in fuzzy logic
operation, the output of a fuzzy process is derivedh
fuzzifications of inputs using the associated
Membership Functions (MFs). Thus, the output of a
fuzzy logic system is based on different membership
functions, which can be considered as a rangepuftin
The first step involves fuzzification which impli¢se The findings of the extensive review on the
conversion of classical data or crisp data intayudata  Performance measurement of supply chain are detaile
or membership functions. This information is thed f N the ensuing paragraphs. The findings encompass
to the decision logic or fuzzy inference processcivh fuzzy applications in supply chain management éwed t
combines membership functions with the control sule strengths of the research which adopted it.
to derive the fuzzy output. The next step involtes
defuzzification process which converts a fuzzy atutp Using fuzzy logicin SCM: A fuzzy set is one in which
into a non-fuzzy one by using different methods tothe constituting elements belong to a set with some
calculate each associated output. Finally, the kedge  degrees of membership y. Thus, in a more general te
base system comprises experts’ knowledge of tha fuzzy set F inside a universe of discourse has a
application domain as well as the decision rulegclwh  membership function g1 whose values fall within the
depict the relationship between the inputs andwstp  interval [0-1], that is g U [0,1]. Therefore the fuzzy

Fuzzy logic’'s primary aim is to provide a formal, set F in U can be presented as F = {(g,(@), ueU}
computationally-oriented system of concepts andvhich comprises a set of ordered pairs of a generic
techniques for dealing with modes of reasoning tvhic element u and its degree of membership functiohs. T
are approximate rather than eX¥tt Thus, in fuzzy probability that u is a member of F is the membigrsh
logic, exact (crisp) reasoning is considered tothe  function 1k (u). More details on the fuzzy operation can
limiting case of approximate reasoning. According t be obtained in Zadéi and Ganedff. The
Jainet al.B” the primary goal of fuzzy systems is to membership function of the union of two fuzzy sats
formulate a theoretical foundation for reasoningutbh and B is defined as the maximum of the two indiaidu
imprecise propositions, which is termed approximatenembership functions, while the membership function
reasoningn fuzzy logic technological systems. of the intersection of two fuzzy sets A and B igirked

According to Ale¥? and, Kumar and Ra¥!, as the minimum of the two individual membership
fuzzy logic incorporates a simple ‘IF X and Y, thBh  functions. This is called the minimuoriterion. Fuzzy
approach in solving problems rather than using anion and intersection are represented by thevidtig
systematic mathematical model, thus fuzzy logiesed equations respectively:

RESULTS
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AU B = {x, max (u(X), Us(X))/x is an element of U} (1) Current studies in SCPM using fuzzy logic: Fuzzy
logic technique has been applied by many reseacher
An B ={x, min (a(x), Me(x))/x is an elementof U} (2)  to measure supply chain performance. Such
applications include the study #ly involving an
innovative performance measurement system for guppl
chain performance improvement using fuzzy set theor
Based on the work done by AR¥ fuzzy point
estimation has been used to provide a new apprioach
modeling the uncertainties involved in supply chain
E?nanagement. A four-aspect performance measure
which involved a simplified supply chain model, a

developed b d oth ts basedi thcross organizational performance measurement using
eveloped by managers and other experts base@mn thy, fuzzy set theory and weighted average methal wa

effects on the supply chain performance. proposed b§!. On the same note, Yed al.* used a
In Fig. 2, it can be seen how fuzzy logic can beSix Sigma DMAIC process based framework to
applied in the measurement of performance of algupp develop a modified two-tuple fuzzy logic control deb

chain. The measures are obtained using Ilngueltrtm to evaluate the performance of SCM. Another work wa
such as poor, fair, good and excellent which are

introduced into the Fuzzy Decision Making Sys’[emCondUCteOI b)_/ Zheng and £dlin which an integrative.

(FDMS) as inputs. The FDMS is trained using expertSUpply chain perform_ance measurement which
knowledge. The output is a description of the latié mco_rporated the extension of the dimension of the
such as excellent, good, normal or poor. Fina"ytradltlonal Balanced Scorecard was adopted. The

defuzzification method e.g., Mean of Maximum isdise d€cision rule set of performance measurement
to transform the fuzzy assessment results intmglesi Prediction was obtained using attribute reduct eaide
numerical value so that it could be computed togeth reduct of decision table. Based on the work caroed
with quantitative metrics results to calculate tiverall by Kanda and Deshmukf, a fuzzy logic approach
score. With the FDMS, all the measure can begfombined with the AHP was applied in the evaluation
effectively evaluated. of the level of coordination amongst the supplyicha
The next step involves the development of a fuzzynembers. Other works using fuzzy logic operation
subset and membership functions for every input anénclude the one by Rajkumar and Kufffyrin which
output variable for the supply chain performancean evolutionary genetic algorithm-based fuzzy
measurement using experts’ knowledge. Following, thi methodology ~ for the evaluation of suppliers’
the same expert knowledge is applied in developisgt ~ Performance was developed to evolve the optimabfet
of ‘if then’ rules which forms the basis of theatibnship ~ fuzzy rule base. Others include, Chan ant'Qivho
between the input and output variables. The inpitas ~ Proposed an innovative channel-spanning performance
are then related to their fuzzy set using decisides. ~Measurement method from a system perspective using
Finally, a fuzzy result for the output is obtainetiich  fuzzy set theory. Chan and ®iapplied a fuzzy set

With respect to supply chain performance
measurement, the procedure for the applicationzfyf
logic operation in this arena can be shown in Rig.
Firstly, the performance measures are identified an
measured together with their respective prioriigtdes
(weighting factors). Some examples of performanc
measures include customer satisfaction, delivene ti
cost, flexibility and quality. The weighting factoare

is then defuzzified to obtain a value for the omtpu theory in performance measurement by adopting a
process-based perspective by building a model which
Fuzzy if holistically measure performance of complex supply
then chains. Charet al.”! developed a fuzzy decision model
Perf. measure 1 v for integrated performance measurement using
Assoc, weighting Rules integrated  information system for prowdmg
factor validator performance and fuzzy decision model was applied to
Suooly chain determine the improvement action. Lazarevic and
Perf. measure 2 Fuzzy peffﬁrymame Wond"’"'.] propos_ed a mgthodology f_or monit_oring and
Assoc. weighting ‘:ﬁ;‘j;“;" > (Single index) controlling service quality level using applied fyz
factor Eg‘i’rr control model. Linet al.® used a performance rating
Geod and importance weight of different agility capatimié
Perf. measure N assessed by experts to express linguistic terms and
Assoc. weighting appropriate fuzzy numbers were used to present the
factor linguistic values with the application of a samplezy
arithmetic operation to synthesis the fuzzy numiireis
Fig. 2: lllustration of SCPM with FL one fuzzy number which was used to access thayagili
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index of a manufacturing operations. A FuzzyGlobal supply chain management practices have
Performance Importance Index (FPIl) of each agilityincreasingly focused on integrating supply chaihsctv
capability was devised to identify the adversedext encompass suppliers, manufacturers, distributors,
which indicate negative flow of events. Xat al.*?  customers and reverse logistics, hence the terosécl
proposed a supply chain performance measuremetaop”™®. A lot of authors have highlighted the need for
system using AHP and fuzzy logic which was appliedgreening the supply chain to include regulatory,
to integrate both qualitative and quantitative iostto  marketing and competitive reasBfig’*® HoeK*,
provide a complete view of the supply chain stated that supply chain greening can be resoardag
management and its overall competitiveness. in the form of waste reduction and productivity
improvement. Rao and HBR elucidated that green
Strengths of current studies using FL: Based on the supply chain management promotes efficiency and
merits of fuzzy logic as a tool, the studies whichsynergy amongst organizations. Others see it as a
focused on its applications in supply chain perfange  strategy to provide the necessary information wiaih
measurement have a lot of accruable advantagegquired in the fulfilment of the limitations thare
compared to studies which focused on traditionaposed by environmental legislation and various
methods. Firstly, Al®? and Zheng and L& have regulation&**4850)
demonstrated that fuzzy logic operation can prodde However, to date, there is a lack of consideration
new approach in the modeling of the uncertaintiewith in-depth study which focuses on the perfornganc
which characterize supply chain managementmeasurement of this type of supply chain.
Secondly, the application of fuzzy logic operatibpn As corporations attempt to move towards
supply chain performance measurement is easier tenvironmental sustainability, managers must extend
perform and more accommodating compared to théheir efforts to improve environmental practicesoas
conventional approaches, especially when the numbeheir supply chaii. The literature characterizing
of operated input data is large. In spite of thet faat  environmental management within the supply chae ha
Chan and @ and Chan et Yl applied the fuzzy been slowly building, but remains spat8eThus, there
theory and weighted average technique, they alss a need to extend the supply chain performance
demonstrated a holistic approach involving the £ros measurement using fuzzy logic approach to a close |
boundary system perspective and process-based dnethohain, which is a green supply chain that integrate
spanning through a whole supply chain. Chan afl Qi suppliers, manufacturers, distributors, customerd a
extended the application of fuzzy logic to encomspasreverse logistic¥. Based on such performance
tangible and non-tangible performance measures imeasurement system, it will be necessary to dethece
multiple dimensions with a cross organizationrelationship between greening of the supply chaid a
performance evaluation. An integrative supply chainthe traditional performance measures such as cost,
performance measurement using fuzzy logic approactelivery time, throughput, customer satisfaction,
was demonstrated BY. Finally, Kanda and Desmufik  flexibility and quality.
have established the coordinating ability in the Secondly, there is need to look into the
application of fuzzy logic in supply chain perfontg  development of a suitable set of measures whichbeil
measurement. used for measuring the performance of the greeplgup
chain. These measures will be based on a giversindu
DISCUSSION as different industries require different supplyaich
concepts. Therefore, a contingency theory needseto
Most of the current studies on supply chainapplied, since different organizations require afiht
performance measurement have yet to use the abundaneasures. This is because environmentally conscious
benefits of fuzzy logic operation such as thesupply chain management involves the proper control
approximate reasoning technique in deducing thef all immediate and eventual effects of processes
performance of a close loop chain. As green supplyassociated with translating raw materials into Ifina
chain incorporates a new dimension of value in® th products, with the objective of effectively balamgi
traditional supply chain, namely, environmé&ht the today’s interests with those of future generatiditaus,
primary material flow which starts from raw matéria the measures for this type of supply chain perforcea
supplier and ends at consumer has been extended neasurement will greatly differ from the traditibna
cover a ‘from birth to graveyard' perspecfile This  measures and also differ from one industry to agroth
implies that eventually, materials need to be &mwk  This is buttressed by assertions as stated inrtheirg
to the supplier for recycling and reprocessing pags. lines; such performance measurement system must
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include measures for the environmental categorges b.
well as the existing operational meastiteSince some
measures cannot be presented in quantitative format
because they are uncertain and ambiguous, yetatteey 6.
important to supply chain performaftég it is therefore

a challenge to measure qualitative measures and to
integrate with quantitative measures both trad#ion
and environmental in order to establish the greery.
position of a supply chain.

CONCLUSION

This study began with an emphasis on the need for
an effective and efficient supply chain performance
measurement. It went further to highlight the bésef
accruable from the use of fuzzy logic operation in
supply chain performance measurement. Previous
studies using fuzzy logic application in supply icha ¢
performance measurement were reviewed and analyzed.
Following this, their strengths and limitations wer
pointed out. Finally, the research culminates with
suggestions on applying fuzzy logic operations inqq
measuring the performance of a green or sustainable
supply chain (close loop chain). Hopefully, thisliwi
give a more comprehensive approach to performance

measurement within the supply chain managemenj

domain.
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