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This survey presents crisp and fuzzy models developed for the Supply Chain (SC). To this end, fuzzy concepts are first
briefly reviewed. Then the structure of a supply chain system is explained. Recent challenges and ideas on these systems
are also surveyed. Then, with reference to different aspects of an SC system, we classify the recent fuzzy models developed
for different SC systems and compare them with related crisp models. Applications of the SC in manufacturing and service
industries are investigated in each case.
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1. Introduction focus is on the supplier selection, supplier evaluation,
relational activities with sellers, and the like (Cavinato,

Recently, the global market schemes have generated new gg5- gjiram, 1991a; 1991b). In a larger perspective, up-

concepts and mechanisms in various economic and in-gyeam suppliers are considered as a part of a manufac-

dustrial sectors. In the complicated global market place, yring/buyer enterprise. Buyers usually plan and control
Core Competencies” of each enterprise empower their e systems and link them to their suppliers. Tiers or

competitive advantage(s). Thus, the focus of various or- o eals of suppliers form a supply network, with the buyer

ge_mizations is directed to their core cpmpetencies. Formanaging and leading it in an integrated way (Dobler and
this reason, they try to manage the.|r mt_ernal_and e_xter- Burt, 1996). Finally, supply chain management leads to a
nal resources comprehensively. This orientation to inte- o e chain approach, in which all the affecting elements

grating different parts of a business or a production pro- rg|ated to the customer(s) are considered and analyzed in
cess causes each industry to move initially toward Com- 5 yrgader view. In this approach, manufacturers and dis-

puter Integrated Manufacturing (CIM). Thereafter, they i tors are included in the chain (Davis, 1993; Lee and
have evolved into Computer Integrated Business (CIB). gjjjington, 1992). In general, a supply chain is defined as
More recently, they have grown into Extended Enterprise ¢5|1ows (Mabert and Venkataramanan, 1998):

(Browneet al, 1996).

As a result, modern managers are engaged more and
more in the processes of Decision Making (DM) and are
forced to consider all factors within the walls of their fac-
tories, as well as external factors with a holistic perspec- -~ ;
tive. This led to Supply Chain (SC) systems or more tv.vee_nfqulnles3 the manufacturing products, the
generally, Value Chain (VC) and Value Stream (VS) ap- distribution of finished goods tlo customers, and
proaches (Porter, 1980). SC, VC and VS concepts and  &fter-market support for sustainment.”
definitions, as a total system, have been investigated by Based on this definition, such a network in a sys-
many researchers at universities and academic centers, a@m contains a high degree of imprecision. This is mainly
well as by professionals in industries (Gattorna and Wal- due to its real-world character and its imprecise interfaces
ters, 1996; Handfield and Nichols, 1999; Moncztaal., among its factors, where uncertainties in activities from
1998). raw material procurement to the end user make the SC

The first concern of a supply chain and a value chain imprecise. Thus, it is summarized that fuzzy set theory is
is generally the purchasing process. In such cases, the suitable tool to come up with such a complicated system.

“A supply chain is the network of facil-
ities and activities that performs the functions of
product development, procurement of material
from vendors, the movement of materials be-
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This survey presents various approaches to SCMtasks of managing the flow of materials in an SC. Syn-
with crisp and fuzzy methodologies. In this regard, dif- chronizing production planning of each entity and, in a
ferent aspects and characteristics of a supply chain aremore detailed way, scheduling production lines or job
first discussed. Then the main concepts of fuzzy systemshops in these components of the SC are very complicated
modeling are explained. Accordingly, we will survey the and often intractable. This complication can be high-
recent research on crisp and fuzzy SC systems and theitighted if we investigate this chain from a product-oriented
real-world applications. Finally, a comparison of these point of view. Consider a product structure or a tree. In
approaches will be presented. the real world, each level of the product tree is assigned

to a supplier. A production plan for such a product which
) o uses, e.g., the MRP approach, determines a due date for
2. Main Aspects and Characteristics of each level and each component. When all of these com-
the SC ponents are produced in one factory, the problem is eas-

) ier to solve. However, when these levels expand through
SC systems can be studied and analyzed from several chain of suppliers, synchronizing them is usually very

viewpoints. Yet there are three major perspectives of SC compjicated, while this synchronization is an obligation

systems: (a) “Material Flow”, (b) “Information Flow”, i customer-Driven Manufacturing (CDM).
and (c) “Buyer-Seller Relations” (see Fig. 1). Apart from

these three aspects of SC systems, there are some other _ Cléarly, a successful plan critically needs supportive
building blocks for these systems, such as raw materiall09iStics. Transportation planning, inventory management

suppliers, manufacturers of parts, assemblers, Originaland quality assurance activities are some logistics in the

Equipment Manufacturers (OEMs), distributors, retailers, Sm0othing flow of materials through the SC. These logis-

customers, etc. It should be noted that these aspects exti€ activities should be managed in an integrated way.

amine the SC and all its components in an integrated way.

2.2. Information Flow

The managing and control of each system comprise sev-
eral parts. In an SC system, information management is
an essential sector. Complexities in business planning ac-
tivities occur in four areas: (a) technological revolution,
(b) product changes, (c) research and development, and
(d) information explosion (Murdiclet al, 1990). The

SC system could be seen as a business enterprise with a
high level of data transaction. As a matter of fact, a well-
organized information system is a foundation for a proper
material flow in the SC.

Manufacturer

MOl [eLejey
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2.3. Buyer—Seller Relations

The buyer-seller relation is the main aspect of an SC.
While traditional approaches to the buy-sell process focus
Fig. 1. Material flow, information flow, and on factors like the price in the buyer-seller relation, the SC
buyer-seller relations in an SC. draws attention to quality, R&D, cost reduction, customer

satisfaction, and partnerships. In an SC, both external and

internal resources are important. Consequently, the rela-

2.1. Material Flow tions are not established based just on the price and cost.
In the design of new products, for instance, Early Supplier
Involvement and Concurrent Engineering (Dowlatshahi,
1997) are new concepts which are applied to the SC and
lead it to a holistic and comprehensive approach. Some
other aspects of the SC which make it different from tra-
ditional approaches are long-term contracts with suppliers
Production planning in different sections of a manu- and distributors, emphasizing the value adding activities,

facturing enterprise and planning its upstream and down-strategic alliances and information sharing.
stream activities in a harmonized way are two of the main

Manufacturers should manage their supply resources to
meet customer needs. As a matter of fact, today an inte-
grated management of the material flow through different

levels of suppliers and distributors is challenging for man-

agers.
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3. Fuzzy Systems Modeling and SC Systems them in the natural language of managers. The complex-
ity of analyzing real systems increases because compa-
Usually SC systems contain several subsystems with un-njes capture large amounts of data in data warehouses in
limited relations and interfaces. Each subsystem usu-this information age. Zimmermann (1996) believes that
ally contains uncertainties. Petrowt al. (1999, p. 444)  real situations cannot be described precisely and humans
demonstrate the uncertainties in SC systems as follows: are not able to Concurrenﬂy understand and ana|yze real
systems. The main concept and definition of an SC sys-

“...Areal SC operates in an uncertain en- tem is its holistic and realistic perspective. This gives it
vironment. Different sources and types of un- an advantage and makes the SC different from traditional
certainty exist along the SC. They are ran- reductionistapproaches. As a matter of fact, the SC is
dom events, uncertainty in judgment, lack of not just a mathematical and theoretical approach, but a
evidence, lack of certainty of evidence that ap- real-world problem analyzer and solver. In this regard,
pear in customer demand, production and sup- Zimmermann states: “The usefulness of the mathematical
ply. Each facility in the SC must deal with un- language for modeling purposes is undisputed. However,
certain demand imposed by succeeding facili- there are limits to the usefulness and possibility of using
ties and uncertain delivery of the preceding fa- classical mathematical language, based on the dichoto-
cilities in the SC....” mous character of set theory, to model particular systems

and phenomena in the social sciences...” (Zimmermann,
Clearly, uncertainties of each subsystem or element1996, p. 2).

make the whole system uncertain. However, the nature of
interfaces in SC systems causes an SC system to operate in
a completely imprecise environment. These interfaces are
embedded in the material flows, information flows, and
suppler-buyer relations. In the past three decades, mate-
rial flows, which are related to inventory control, trans-
portation, and the like, have been investigated by several
researchers (Berry, 1972; Blackstogieal,, 1982; Finch
and Cox, 1989; Fogartst al,, 1991; Goyal and Gopalakr-
ishnan, 1996; Hariga, 1998; Veral and Laforge, 1990).
Furthermore, information flows, Management Informa- Rate of Material & Information Flow
tion Systems (MISs), Decision Support Systems (DSSs),
manufacturing information systems, etc. have also been

Fuzziness of SC system

Fig. 2. Relation between the fuzziness of an SC system

other areas of interest for several researchers in the last and material and information flows in it.
two decades (Blanchard and Fabrycky, 1981; Jackson and
Browne, 1992; Murdiclet al,, 1990). Zadeh (1973) also states: “As the complexity of a

Thus, in addition to its integrated perspective, what System increases, our ability to make precise and yet sig-
makes the new SC approach deals with re|ati0nships beﬁificant statements about its behavior diminishes until a
tween different elements of such a chain (Maloni and Ben- threshold is reached beyond which precision and signif-
ton, 1997). Moreover, relations between elements of theicance (or relevance) become almost mutually exclusive
SC critically depend on human activities. This fact is one characteristics. It is in this sense that precise quantitative
of the main reasons why emergent SC systems requireanalyses of the behavior of humanistic systems are not
fuzzy system modeling. (Sugeno and Yasukawa (1993)Iikely to have much relevance to the real-world societal,
state “... Fuzzy algorithms are nothing but qualitative de- Political, economic, and other types of problems which

On the other hand, including several factors in the Summarizing, the fuzzy system approach demon-
performance of an SCM system makes it complex. In strates many advantages in real-world applications tha_t
other words, when a system uses a large amount of reafould be expressed as follows (Turksen and Fazel Zarandi,
data, its complexity grows exponentially. Thus, in SC 1999):
system design and modeling we are to build a large-scale(@) Fuzzy system models are conceptually easy to under-
system with limited abilities of quantitative approaches stand.

(see Fig. 2). Turksen (1992) states several reasons thatb) Fuzzy system models are flexible, and with any given
involve the weakness of quantitative models: (i) of man- system, it is easy to manage it with fuzzy system mod-
agers requirement of precise information; (i) difficulties els or layer more functionality on top of it without
in understanding them and (iii) complexities in expressing starting again from scratch.
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(c) Fuzzy system models can capture most nonlinear4.1. SC from the Material Flow Point of View
functions of arbitrary complexity.
(d) Fuzzy system models are tolerant of imprecise data. This aspect of the SC has drawn most attention of re-
(€) Fuzzy system models can be built on top of the expe- searche_rs in rece_nt years. Here, some related s.ubjects are:
rience of experts production planning, inventory control, scheduling prob-
' ) lems, transportation, facility layout and location, qual-
(f) Fuzzy system models can be blended with conven-jt, management, cost accounting, and so on. For more
tional control techniques. information, see the works by Bhatnaggtral. (1993),
(g) Fuzzy system models are based on natural languagesShapiroet al. (1993), Slat®t al. (1995), Banerjee (1986),
(h) Fuzzy system models provide better communication Bloemhof-Ruwaardet al. (1995), Chandra and Fisher
between experts and managers. (1994), Cohen and Lee (1988). This aspect is usually cat-
egorized as follows: (a) cost and price consideration, (b)
inventory, (c) quality, and (d) other related topics in the
supply chain.

The above review shows how fuzzy concepts could
help system designers to cope with the fuzzy nature of
real-world situations. In a classical set, belongs toA
when A = {z} and, consequently, it MUST NOT belong
to ~ A (the complementary set o, so that~ A and  4.1.1. Price Analysis through the SC
A make up the universal set,i.elp ~ A = T and AN ~
A = (). However, in fuzzy set theory; belongsto aset Gerchak (2000) investigates cost reduction in manufactur-
A to some degree and ALS® belongs to the set- A ing processes and the supply chain by considering the un-
to some degree, i.eAU ~ A C T and AN ~ A D 0. certainties in projects. In such cases, uncertainties appear
Furthermore, as shown in Fig. 3, each number in a fuzzy €specially in time duration for each state of the project.
set is not a crisp inflexible one, but is a member of the Here, the goal is the minimization of the variability of
fuzzy set with a defined membership function (Dubois and the sum of local or partial durations, which leads to mini-

Prade, 1980; Zadeh, 1973). mizing the variability of the supply chain as a whole. He
and Jewkes (2000) investigate inventory costs in SCs. In

Membership this respect, they present two algorithms for computing
Function the average total cost per product. However, these algo-

H rithms are restricted to make-to-order inventory systems.

Samroengraja (1999) studies overall supply chain costs.
In this approach, the use of alternated ordering policies
is proposed as a strategy to cope with the order volatility.

Then they examine the success of such solutions in man-

0 aging orders and its empowerment in achieving a lower
3 4 6 7 total cost in an SC. The results imply that reduction in the
order volatility does not lead to reduction in overall SC
Fig. 3. Atrapezoidal fuzzy number for : (3,4, 6, 7). costs. However, by applying some conditions and central-

ized demand information, managers and decision-makers
. : . . in the SC could achieve some reductions in the total cost
powerful tools in modeling complex and imprecisely de-

scribed systems such as SCs. While classicallyz“ifs ofan SC.

a = y is b", fuzzy logic states such propositions as “if A new approach of Activity Based Costing (ABC)
Zisr a= ¢ isr b”, where “isr" means “is related to” in cost analysis has also been widely explored in recent
and insists on the uncertainty of model parameters (Zadehyears. Caudle (1999) investigates the status of eleven or-
1983; Zimmerman, 1996). Application of fuzzy logic in ganizations which apply ABC techniques in their logistic
system modeling has been known to be influential. Thus, operations. This study tries to clarify capabilities and de-
the SC as a complex system with imprecise parametersficiencies of ABC in the SC. The final result of this case
and conditions can be analyzed and modeled with the ap-study indicates that “Despite the fact that most firms re-

plication of fuzzy set theory more appropriately. ported that their ABC systems were providing improved
information for decision making and were worth the in-

. . vestment, firms were divided on whether the ABC data

4. Recent Trends in Fuzzy and Crisp had resulted in improvements to their competitive posi-
Approaches to the SC tions in their respective markets.” Wah (1999) presents
another case study for several companies. In this study,
the performance of companies through managing their SC
costs is investigated, and the outcomes, which resulted

Thus, fuzzy logic and approximate reasoning are

This section reviews the main research topics in the SC
based on the main aspects of SC systems.
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from a benchmarking, are analyzed. Such results could Petrovicet al. (1999) examine uncertainties in SCs
be used as a reference for related companies. by focusing on “decentralized control of each inventory”

Graman (1999) presents a different view on supply apd “partial coordination in the inventories control.” They
chain costs. He develops a decision cost model for deter-Simulate and analyze some approaches to promote the SC
mining the appropriate postponement as a supply Chainperformance in uncertainty cor_ldltlons_. In t_helrformer re-
strategy. This model is constructed on the content in search Petroviet al. (1998) tried to identify the stock

which the packaging postponement is presented as a stratevel and_ orde_r guantities for inventories in. an _SC, with
egy for the SC. the consideration of two sources of uncertainty in the SC

system: “customer demand” and “external supply of raw

The assessment of demand behavior in the SC is anyterial » Tiirksen and Fazel Zarandi (1999) describe the
other main area which has high effects on cost reduction. ,5in challenge in fuzzy production planning and schedul-

Meixell (1999) studies some policies which provide an g 55 finding a suitable realization of operations with the
opportunity for reducing operating costs by developing iniersection of fuzzy constraints for the satisfaction (with
two modeling frameworks. The first one describes the 5 gegree) of the overall requirements. In mathematical

production-based decision process that drives the transt,,ndations of the fuzzy theory, there exists enough flex-
lation of demand and, accordingly, the SC operations. jyijity subject to certain axioms. In fuzzy systems, it is
The other one examines demand behavior in technology-not gifficult to merge hard and soft constraints. More-

driven markets, where the volatile market demand exists g\ er. the main source of difficulties in the construction of

without an integrated order processing and planning sys-5 reasonable production planning and scheduling model
tem. As a result, the demand characteristics of the largergiams from the conflicting nature of criteria, goals and

set of scenarios can be captured using only a small frac-consraints. In classical scheduling methods, to reduce

tion of the actual demand scenarios. the problem complexity researchers often consider only a
small subset of the goals, or only one criterion. However,
4.1.2. Inventory Control and Management Through in real applications it is reasonable to find viable compro-
the SC mises between conflicting objectives and goals, by deter-

. . . mining a degree of satisfaction among the degrees of im-

Real-world production planning, inventory control and hqrtance associated with goals, objectives and constraints.
scheduling are usually imprecise. However, managers arérne fyzzy approach provides tools to satisfy goals, objec-
to interact in an intelligent way with this environment. es and constraints to certain degrees and to take into
Thus they have to reach out for & new kind of reasoning 5ccount the relative importance in a format easily under-
based on imprecise knowledge. The major characteristicsgtgoq by human experts. This gradual satisfaction can
of the imprecise knowledge are as follows (Turksen and e schedulers to find approximately good solutions and

Fazel Zarandi, 1999): to simplify the complexity of the production planning and

e it contains uncertainties, scheduling problems (Turksen and Fazel Zarandi, 1999).

e itincludes errors, Delivery uncertainties in a just-in-time environment
were also surveyed by Hill and Vollmann (1986). Al-
though uncertainties are independent of the production

Moreover, what makes this subject meaningful in SC system, the manner in which production systems are cop-
systems is the need for an integrated approach to the flowing with uncertainties is very important. Attempts to re-
of materials and storage of inventories. Here, integration duce inventory, reaching to zero defects, decreasing set up
is achieved when the inventory is viewed with other ele- times, and the like (which are the JIT goals) in an uncer-
ments of the SC. tain environment are challenging issues.

e it is almost always incomplete.

Pryor (1999) develops models in capturing inventory The significance of agility throughout an SC system
and transportation simultaneously. The models propose tois highlighted by Christopher (2000). If agility is accepted
minimize the total inventory and transportation costs. Lui as a key factor for a quick response organization (QRO),
(1999) investigates inventories from another viewpoint. and if an SC system is viewed as one organization, then
He tries to control the inventory cost and to consider end- each subsystem of the SC should be agile in meeting client
customer requirements. In this case, a network of inven- needs. While clients for SCs are end users, for each sub-
tory queues is developed, where any single queue is de-system, it could be its upstream entity. Christopher exam-
fined as a “queuing model that incorporates an inventory ines the role of decoupling points in improving the inven-
replenishment policy for the output store.” For evaluating tory control that directly leads to agility. Mullins (1999)
the system performance, he decomposes the network intgresents a survey on the role of storage and warehouses
multiple single-stage inventory queues, and then analyzesn supply chain management by gathering the ideas of ex-
each stage. perts and people who are engaged in existing problems in
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this field. Sees (1999) examines the relationship of hospi- ment from the early stages of design and the application of
tal ownership and recognizes the best inventory manage-a computerized on-line system for the communication of
ment practices to hospital pharmacy efficiency. A ques- quality data to suppliers in real time are some of the tools
tionnaire was used to gather data from hospital pharma-and policies implemented by Chrysler. The application
cies belonging to multi-hospital systems. The data indi- of quality tools such as statistical process control (SPC)
cate that the ownership typology is significantly related and quality function deployment (QFD) was emphasized
to the measure of efficiency, with investor-owned insti- by Original Equipment Manufacturers (OEMSs) to diffuse
tutions being the most efficient and government hospital them throughout their suppliers. Ansari and Modarress
pharmacies the least efficient. The data also indicate a(1994) suggest a directive approach for supplier involve-
significant relationship betwen forecasting techniques andment in the process of the product development through
inefficiency for investor-owned pharmacies based on the the QFD method. They use personal interviews and writ-
specific techniques utilized. Stapleton (1999) studies SCsten correspondence with corporate managers of quality
in the service sector. He investigates the SC from the dis-in a series of companies that implement the SC. New-
tribution channels standpoint. In this regard, an estimatedman (1988) also presents an analytical survey on the QFD
logistics sales model is developed using the data collectedmechanism and its usage by suppliers.

from indL_lstry executives i_n _the_summer and faII_ 0f_1_998. Summarizing, the development of quality concepts
Irrespe_ctlvely, the staff tra|n_|ng is fqund to be aS|gn|f|cant and their applications from the product quality through
dgtermmar_n in sales force integration. For more informa- process and system qualities leads managers to expand the
tion about inventory management through the SC, see thegcope of quality into their SC. Meanwhile, regarding the

works of Lee and Billington (1992), Martiet al. (1993),  gyalitative character and nature of these aspects of SCs,
and Baganha and Cohen (1998). the use of linguistic variables could be very natural. Thus,

there is a potential for the application of fuzzy set theory
4.1.3. Quality Considerations in SC Systems in this area.

Although the quality concept and its focus on product . . .
quality and the Quality Management System (QMS) are 4.1.4. Other Related Subjects in the SC Material Flow

not new topics, their inclusion in the SC and its subsys- In addition to the main areas mentioned above, which are
tems is rather new. Elinger (2000) presents potentials of essential in material flow studies in the SC, there are some
supply chain management in improving the quality of the other interesting key fields for researchers of SCs. Lam-
customer service. This paper investigates the role of crosshert and Cooper (2000) focus on the logistics and critical
functional collaboration. Kanji and Wong (1999) presenta success factors (CSFs) of the SC. They develop a con-
survey on TQMs and its effect on inadequacies in current ceptual framework for improving the SC management ef-
SCM models. Their SCM-TQM mix-model was tested ficiency. Johnson (1999) concentrates on the distribution
on 139 companies in Hong Kong, and leads to the resultschain in the front end of the SC. He tries to show contents
which show the fitness of the model for SC activities. Stu- in which distributors could promote the SC performance
art and Mueller (1994) present a case study which is fo- and lead it to meet customer needs.

cused on the Total Quality Management (TQM) and its Another main issue in the SC is the flexibility in
correlation with suppller'—buyer partnerships. In this case, today's competitive markets. If a production enterprise
the development of quality concepts and a system throughg o5 15 be flexible, all its subsystems should be coor-

suppliers’ _organi;ations by the construction Of_ analliance yinated and flexible. Koste (1999) reviews some scales
relationship was introduced as a TQM extension. of flexibility such as handling, labor, machines, material,
Marquedant (1995) demonstrates QS 9000 (a devel-mix, modification, and new products. He investigates gen-
oped version of ISO 9000 customized for automotive in- eral measurement scales for flexibility. Different elements
dustries) as a QMS through an SC. He studies the require-of flexibility are shown in terms of their inter-relations as
ments of QS 9000 and explains their role on auto-part andwell as their affect on other organizational functions.

service supplier performance. If an SC is viewed in a total perspective, then re-

Recently, QS 9000 has been considered as a globalerse logistics could be seen as a complementary part of
synchronizer of quality concepts through SCs in industry. the material flow cycle. Electronics industry is one of
Carbone (1996) indicates the use of universal quality stan-the main areas facing critical troubles in recycling issues.
dards as a key factor in improving the quality through an Veerakamolmal (1999) studies scraped products after they
SC. Although his comment was stated for car industry, it have been used for reusable electronic components. This
could be generalized to all industries. He also explains research argues that manufacturers have begun to realize
some tools and procedures which are applied by Chryslerthat they must turn their attention to the development of
to improve the quality of suppliers. The supplier involve- new methodologies for reverse logistics. This interest is
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born not only out of environmental factors, but also for He investigates the adoption of companies’ strategiesto IT
economic reasons. for improving their efficiency and effectiveness. He also
Application of the SC in service and industrial sec- demonstrates the SC as a multi-dimensional discipline in
tors is also found in the works of Benson (1999), and business management. Lancioni and Smith (2000) ana-
Dzilna (1999), who discuss the magazine and journal pub-lyze the role of the IT in supply chain management. In-
lication industry’s use of supply chain management to the creasing the use of the World Wide Web among business
manufacturing processes to allow them and their vendorsenterprises as well as IT, effects on the cost reduction and
to find efficiencies and cost savings. quality improvement are being focused on in their work.

The SCM could be considered an extension of fac- !N such a viewpoint, the effective information flow in a
tory scheduling (Sun, 1999). In fact, the main goal of modernized manner and using the state-of-the-art technol-

scheduling is to synchronize the material flow between ©9Y (IT) is a competitive weapon for a world-class com-
different units of an SC system. Attaining an optimal P2
schedule of production in different industries is very hard Gilbert (1999) demonstrates vendors’ attempts in the
because of conflicts between different goals. Examplesg ¢, improve web procurement software. Parkes (1999)
of such conflicting goals are: optimization of the produc- 4iscusses in a similar way several SC management re-
tion rate, production quality, intra-order production, con- ¢ rces in the Internet. Ayers (1999) analyzes the IT-
sistency, etc. Within the last thirty years or so, it has been g~ inter-relationship from a total perspective. He illus-
found that the fuzzy set theory incorporated with fuzzy i aies the evolution of SCM and its supportive systems
cluster analysis is a suitable tool to analyze and diagnozethrough becoming dependent on inter-enterprise informa-
these sorts of complicated problems (Turksen and Fazel;y, However, the SC is viewed from an IT standpoint
Zarandi, 1999). Sun (1999) also develops a Distribution 4o 5 \Web-based system. Such a system generally in-
Constraint Satisfaction Problem (CSP) formulation in the | ;|yes large-scale coordination of applications, informa-
modeling of the SC as a total system using the fuzzy tech-4,, flows, and data interchange. Thus, Chi (1999) sim-
nology. ulates the fulfilment of a large-scale web application de-
sign with a web SC system. Irrespectively, he proposed
4.2. Information Flow: Status of Applications and two methodologies: the so-called Integrated Web-Enabled
Studies in the SC Application Prototype (IWEAP) and Executable Litera-
ture Document Prototype (ELDP). The IWEAP tries
: X to integrate heterogeneous applications, manage informa-
mation Technology (IT) have improved commerce and o, anq interchange data by using approaches to corre-
other industrial activities. The SC, as an integrated en- late specific problem domains. On the other hand, the
terprise in a large scale, has been incorporated into IT-ELD addresses issues included in “combining human lit-
Researchers in industries and universities are very inter-erature documents” and “systems automation” to create
ested in this aspect of the SC. A large amount of works i, jedge bases to support the decision-making process.
published in recent years as well as software packagesy;ajya (1999) focuses on the EDI (Electronic Data Inter-
designed and distributed on the market show the Curre”tchange) application in the SC, too. He demonstrates the
sympathy for IT and its applications in the SC. production-planning operation in the SC and explains that
Wilson (2000) investigates the application of Elec- manufacturing lots and their scheduling depend on de-
tronic Commerce (EC) in a high technology company. mands, which are “the planned dispatches to various loca-
He describes potentials in tying together hubs in differ- tions in different periods from the production facility.” He
ent industries. Stedman (2000) focuses on Internet-basec&rgues that “in an EDI environment, one can take advan-
application hosting services by J.D. Edwards & Co. for tage of these inter-relationships by integrating the vehicle
its enterprise resource planning (ERP) and SC managerouting, inventory management and production planning
ment software. Bangsberg (1999) also unveils the elec-decisions for all commodities at all locations, in order to
tronic commerce services of Federal Express Corp. inminimize the total logistic cost.” In this study, mixed in-
Asia. He investigates the importance of combining e- teger programming and Lagrangian relaxation were used.
commerce with the SCM. The boosted information flow Ma”ya (1999) also deve|ops the Demand Driven Produc-
between FDX Corp. and SAP AG is studied and reported tion and Distribution (DDPD) operation concept which
by Atkinson (1999b). She displays the escalation of the js defined for a multi-commodity production strategy.
IT applications. Building blocks of such a system require Rassameethes (1999) investigates the role of EDI in au-
transmission protocols and so on, and this was investi-tomotive SCs. His survey presents the analysis results of
gated in her work. 180 cases related to EDI, 97 questionnaire surveys to first-
In a more conceptual way, Lancioni (2000) empha- tier supplies in the United States, and three in-depth case
sizes the Internet’s role in determining the success of SCs.studies regarding future directions of EDI in the automo-

Recently, the presence and various applications of Infor-
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tive industry. It also examines the reasons for suppliers nota new development. It is because of this fact that the ma-
using EDI. The results of the research are as follows: “(a) terial and information flows have been traditionally con-
The size of a firm does not affect the degree of EDI inte- sidered for years, while various relations in the modern
gration, (b) Firms with high corporate performance have production and business environment have been changing.
a high level of EDI integration, (c) firms with high corpo- The consideration of uncertainties in such relations, even
rate performance have a high level of information sharing if we assume them to be crisp, makes this aspect of the SC
with suppliers, and (d) US automakers are directing first- different from the conventional view of production sys-
tier suppliers to use EDI, yet first-tier suppliers have not tems. Strategic sourcing, supplier partnership, risk analy-
been able to enforce its use by their suppliers.” sis in such partnering, and the use of the new generation

Bartholomew (2000) developed Advanced Planning of operation research mod_elsZ the_so_—called soft OR in SC
and Scheduling (APS) software for the SC in production relations, are the main topics in this field.
planning. Olson (1999) demonstrates a new world compe- ~ Monczkaet al. (1998) investigate success factors in
tition between the SC to the SC rather than organization tostrategic supplier alliances. Their article mainly focuses
organization. In this respect, he investigates successes an@in buying a company and views such alliances from a
failures of IT tools, like EDI, in SCs. There are two main buyer’s point of view. In a similar way, Stuart (1993) sur-
reasons that restrict good design and operation of EDI sys-veys influencing factors in supplier partnerships, as well
tems: the “cost prohibitive nature of EDI systems”, and as potential and strategic benefits of such a policy.
the “unsuccess and negligence of companies in modify- Ohmae (1989) defined a global logic of strategic
ing their processes.” Brunelli (2000) presents a long-term partnerships and alliances. The main contents of such al-
horizon of IT applications and demonstrates the state oflliances are the “world competition”, a “need to market
the e-commerce technology. He predicts an epidemic sit-expansion and finding or developing new markets” and
uation for business to business IT technology in an SC. some other related topics in the business planning process.
He also claims that while currently most e-commerce sys- Dwyer and Schurr (1987) also surveyed developments in
tems concentrate on the automating purchase and supbuyer-seller relationships. Purchasing partnerships are re-
ply of low-value products, the systems would move into viewed in the content of managerial guidelines by Ell-
areas such as “direct production goods” and “collabora- ram (1991a; 1991b), and characteristics of partnering are
tive design.” Fitzgerald (2000) also surveys top purchas- also surveyed by Ellram and Hendrick (1995). Gralem
ing professionals in large companies. He assesses tha#l. (1994) studied the long-term strategic impact of part-
most major buying organizations are in the early stagesnerships on purchasing. The quality improvement, sup-
of implementing their e-procurement strategies. Porter plier participation in the product development, informa-
(2000) presents a model showing that the collision of tion sharing, etc. are some of the main advantages in such
e-procurement with strategic supply management might partnerships. Heide and John (1990) pursued alliances in
change business relationships in the coming decade. industrial purchasing. These alliances that are in a wider

The use of IT in the SC is viewed in another way by SCOP€ than partnership; lead supply chains to unification
Atkinson (1999a). She surveys shipping companies andand coordinated operation.
third-party logistics providers to the Internet. Experiences Research on SC partnerships and evolution of buyer-
of some oriental companies helps the author in her anal-supplier relationships are also presented by Landeros and
ysis. She describes advantages and risks in the use of thdlonczka (1989), Matthyssens and Van den Bulte (1994),
Internet by such companies. Prater (1999) discusses théMacBeth and Ferguson (1994), Landesisal. (1995),
role of the information flow and IT in the SC. He stud- and Leavy (1994).

ies three particular aspects of global operations including Brown (1999) describes some critical points between
the modeling of firm operational structures as they grow, manufacturers and their suppliers. He argues that “in or-
the requirements of an agile international SC, and effectsqer to ensure the future availability of capacity at a sub-
of logistics outsourcing on firms. He develops a model contractor, manufacturers must often enter into inflexi-
with four key variables which test a firm's SC dynamics: ple arrangement that require firm's reservations months or
“Information Technology Capability”, “Global SC Struc-  years in advance.” Such an arrangement should provide a
ture”, “Global Operating Strategy”, and “Global Experi- higher capacity availability with lower financial liability.
ence.” He also explains some supplier-oriented co-operations.
This arrangement tries to construct a relationship which
] saves both supplier and buyer benefits. Such a relation
4.3. Buyer-Seller Relations leads to a long-term collaboration called Win-Win, in

) ) which all parties are satisfied. The other is the collabo-
Recently, many researchers have investigated buyer-sellefaiiye partnership between two manufacturers that use the
relations in the SC. They state that this aspect of the SC is
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Table 1. Categorized aspects of the SC.

Supplier- . Material Flow
Information
Buyer Flow Inventory Cost Quality Other Related

Relations Control Analysis Consideration Areas
Monczkaet al, | Wilson, 2000 Pryor, 1999 Gerchak, 2000*| Newman, 1988 | Sun, 1999
1998
Stuart, 1993 Stedman, 2000 | Lui, 1999 He and Jewkes,| Marquedant, Koste, 1999

2000 1995

Ohmae, 1989

Dwyer and
Schurr, 1987

Ellram, 1991a
1991b

Ellram and
Hendrick, 1995

Grahamet al.,,
1994

Heide and John
1990

Landeros and
Monczka, 1989

Matthyssens
and Van den
Bulte, 1994

MacBeth and
Ferguson, 1994

Landeroset al,,
1995

Leavy, 1994
Brown, 1999

Chakravarty and
Martin, 1988

Greenemeier,
1999

Jones, 1999

Dyer, 1996

Bangsberg,
1999

Atkinson,
1999b
Lancioni, 2000
Lancioni and
Smith, 2000
Gilbert, 1999
Parkes, 1999

Ayers, 1999

Chi, 1999

Mallya, 1999

Bartholomew,
2000

Prater, 1999

Atkinson,

1999a

Porter, 2000
Fitzgerald, 2000

Brunelli, 2000

Olson, 1999

Petrovicet al.,
1999+

Petrovicet al.,,
1998*

Hill and Voll-
mann, 1986*

Christopher,
2000

Mullins, 1999

Martin et al.,,
1993

Lee and Billing-
ton, 1992

Baganha and
Cohen, 1998

Samroengraja,
1999

Caudle, 1999

Wah, 1999

Graman, 1999

Meixell, 1999

Carbone, 1996

Ansari and
Modarress,
1994

Stuart and
Mueller, 1994

Kanji and
Wong, 1999

Elinger, 2000

Johnson, 1999

Lambert and
Cooper, 2000
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same subcontractor. In this case, each manufacturer indeBlanchard B.S. and Fabrycky W.J. (198 Bystem Engineering
pendently reserves the capacity with the subcontractorand  and Analysis— New Yersey: Prentice-Hall.
agrees to sell the excess capacity to some other manufacBanerjee A. (1986)A joint economic lot sizes model for pur-
turer in the arrangement. Chakravarty and Martin (1988) chaser and vendor— Dec. Sci., Vol. 17, No. 3, pp. 292—
also develop a model for the optimization of buyer-seller 311.
discount pricing. Bangsberg P.T. (1999FedEx unveils E-services in Asia- J.
In a case study, Greenemeier (1999) focuses on the =~ Comm., Vol. 422, No. 29610, pp.3.
alliance formed by KMPG LLP and FDX Corp. to pro- Bartholomew D. (2000):Supply chain moves online— Ind.
vide professional and integrated services for companiesto ~ Week, Vol. 249, No. 6, pp. 52-56.
optimize supply chain management. He also studies FDX Benson R.F. (1999)incremental production planning for the
applications that KMPG plans to resell, benefits of the al- semiconductor industry using linear programming-
liance to FDX, etc. The alliance between KMPG and FDX Ph.D. Thesis, University of California, Berkeley.
was also studied by Jones (1999). The other noteworthyBerry W.L. (1972):Lot-sizing procedures for requirements sys-
case study was presented by Dyer (1996). He critically tems: A framework for analysis— Prod. Invent. Manag.,
surveyed the Chrysler supply chain and its attempt at es- Vol. 13, No. 2, pp. 19-34.
tablishing an American and European Keiretsu. Bhatnagar R., Chandra P. and Goyal S.K. (199@pdels for
Table 1 presents a categorized perspective of a wide ~ multi-plant coordination— Europ. J. Oper. Res., Vol. 67,
range of studies on the SC. Works which focus on un- No. 2, pp. 141-160.
certainties and fuzzy characteristics of the SC are markedBlackstone J.H., Philips D.T. and Hogg D.L. (1982): state
with a star. of the art survey of dispatching rules for manufacturing
job shop operations— Int. J. Prod. Res., Vol. 20, No. 1,
pp. 27-45.
Bloemhof-Ruwaard J.M., Van Beek P., Hordijk L. and Van Was-
sanhove L.N. (1995)tnteraction between operational re-
In this survey, we discussed the main aspects of the SC. search and environmental managementEurop. J. Oper.
Research, scientific papers and projects in this area were ~ Res., Vol. 85, No. 2, pp. 229-243.
classified based on their main characteristics: materialBrown A.O. (1999):Securing capacity in de-centralized supply
flow, information flow and buyer-supplier relationships. chains — Ph.D. Thesis, Stanford University.

Moreover, we categorized crisp and fuzzy SCs. It Browne J., Harhen J. and Shivnan J. (1998joduction Man-
is shown that classical SC systems cannot come up with agement Systems: An Integrated Perspective New
the imprecision and uncertainty born out of human com- York: Addison Wesley.
ponents in these systems. Fuzzy set theory, by assigningdrunelli M.A. (2000): System providers prepare for the future of
membership functions to the inputs and outputs of SC sys- ~ e-procurement— Purchas., Vol. 128, No. 4, pp. 18-20.
tem models, has a great potential to resolve main aspect€arbone J. (1996)Chrysler wants QS9000 standards for all
of real-world SC systems which are generally in conflict suppliers — Purchas., Vol. 120, No. 1, pp. 68—71.
with each other.

5. Conclusion

Caudle M.D. (1999)Activity-based costing applications within
logistics and their effects on logistics decision making (cost
accounting, supply chain management} Ph.D. Thesis,
The Ohio State University.

Cavinato J.L. (1992)A total cost/value model for supply chain
competitiveness— J. Busin. Logist.,, Vol. 13, No. 2,
pp. 285-301.

Chakravarty A.K. and Martin G.E. (1988)An optimal buyer-
seller discount pricing model— Comp. Oper. Res.,
Vol. 15, No. 3, pp. 271-81.

Chandra P. and Fisher M.L. (1994)pordination of production
and distribution planning— Europ. J. Oper. Res., Vol. 72,
No. 3, pp. 503-517.

Chi Y.-L. (1999): An integrated architecture for large scale
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