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A supply chain is a network of facilities and distribution options that performs the functions of
procurement of materials, transformation of these materials into intermediate and finished products,
and the distribution of these finished products to customers. Supply chains exist in both service and
manufacturing organizations, although the complexity of the chain may vary greatly from industry to
industry and firm to firm.

Below is an example of a very simple supply chain for a single product, where raw material is
procured from vendors, transformed into finished goods in a single step, and then transported to
distribution centers, and ultimately, customers. Realistic supply chains have multiple end products
with shared components, facilities and capacities. The flow of materials is not always along an
arborescent network, various modes of transportation may be considered, and the bill of materials for
the end items may be both deep and large.
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Traditionally, marketing, distribution, planning, manufacturing, and the purchasing organizations
along the supply chain operated independently. These organizations have their own objectives and
these are often conflicting. Marketing's objective of high customer service and maximum sales

dollars conflict with manufacturing and distribution goals. Many manufacturing operations are
designed to maximize throughput and lower costs with little consideration for the impact on

inventory levels and distribution capabilities. Purchasing contracts are often negotiated with very

little information beyond historical buying patterns. The result of these factors is that there is not a
single, integrated plan for the organization---there were as many plans as businesses. Clearly, there is
a need for a mechanism through which these different functions can be integrated together. Supply
chain management is a strategy through which such an integration can be achieved.

Supply chain management is typically viewed to lie between fully vertically integrated firms, where
the entire material flow is owned by a single firm, and those where each channel member operates
independently. Therefore coordination between the various players in the chain is key in its effective
management. Cooper and Ellram [1993] compare supply chain management to a well-balanced and
well-practiced relay team. Such a team is more competitive when each player knows how to be
positioned for the hand-off. The relationships are the strongest between players who directly pass the
baton, but the entire team needs to make a coordinated effort to win the race.

Supply Chain Decisions

We classify the decisions for supply chain management into two broad categories -- strategic and
operational. As the term implies, strategic decisions are made typically over a longer time horizon.
These are closely linked to the corporate strategy (they sometimes {\it are} the corporate strategy),
and guide supply chain policies from a design perspective. On the other hand, operational decisions
are short term, and focus on activities over a day-to-day basis. The effort in these type of decisions is
to effectively and efficiently manage the product flow in the "strategically" planned supply chain.

There are four major decision areas in supply chain management: 1) location, 2) production, 3)

inventory, and 4) transportation (distribution), and there are both strategic and operational elements in
each of these decision areas.

Location Decisions
The geographic placement of production facilities, stocking points, and sourcing points is the natural

first step in creating a supply chain. The location of facilities involves a commitment of resources to a
long-term plan. Once the size, number, and location of these are determined, so are the possible paths
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by which the product flows through to the final customer. These decisions are of great significance to
a firm since they represent the basic strategy for accessing customer markets, and will have a
considerable impact on revenue, cost, and level of service. These decisions should be determined by
an optimization routine that considers production costs, taxes, duties and duty drawback, tariffs, local
content, distribution costs, production limitations, etc. (See Arntzen, Brown, Harrison and Trafton
[1995] for a thorough discussion of these aspects.) Although location decisions are primarily
strategic, they also have implications on an operational level.

Production Decisions

The strategic decisions include what products to produce, and which plants to produce them in,
allocation of suppliers to plants, plants to DC's, and DC's to customer markets. As before, these
decisions have a big impact on the revenues, costs and customer service levels of the firm. These
decisions assume the existence of the facilities, but determine the exact path(s) through which a
product flows to and from these facilities. Another critical issue is the capacity of the manufacturing
facilities--and this largely depends the degree of vertical integration within the firm. Operational
decisions focus on detailed production scheduling. These decisions include the construction of the
master production schedules, scheduling production on machines, and equipment maintenance. Other
considerations include workload balancing, and quality control measures at a production facility.

Inventory Decisions

These refer to means by which inventories are managed. Inventories exist at every stage of the supply
chain as either raw materials, semi-finished or finished goods. They can also be in-process between
locations. Their primary purpose to buffer against any uncertainty that might exist in the supply chain.
Since holding of inventories can cost anywhere between 20 to 40 percent of their value, their efficient
management is critical in supply chain operations. It is strategic in the sense that top management sets
goals. However, most researchers have approached the management of inventory from an operational
perspective. These include deployment strategies (push versus pull), control policies --- the
determination of the optimal levels of order quantities and reorder points, and setting safety stock
levels, at each stocking location. These levels are critical, since they are primary determinants of
customer service levels.

Transportation Decisions

The mode choice aspect of these decisions are the more strategic ones. These are closely linked to the
inventory decisions, since the best choice of mode is often found by trading-off the cost of using the
particular mode of transport with the indirect cost of inventory associated with that mode. While air
shipments may be fast, reliable, and warrant lesser safety stocks, they are expensive. Meanwhile
shipping by sea or rail may be much cheaper, but they necessitate holding relatively large amounts of
inventory to buffer against the inherent uncertainty associated with them. Therefore customer service
levels, and geographic location play vital roles in such decisions. Since transportation is more than 30
percent of the logistics costs, operating efficiently makes good economic sense. Shipment sizes
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(consolidated bulk shipments versus Lot-for-Lot), routing and scheduling of equipment are key in
effective management of the firm's transport strategy.

Supply Chain Modeling Approaches

Clearly, each of the above two levels of decisions require a different perspective. The strategic
decisions are, for the most part, global or "all encompassing” in that they try to integrate various
aspects of the supply chain. Consequently, the models that describe these decisions are huge, and
require a considerable amount of data. Often due to the enormity of data requirements, and the broad
scope of decisions, these models provide approximate solutions to the decisions they describe. The
operational decisions, meanwhile, address the day to day operation of the supply chain. Therefore the
models that describe them are often very specific in nature. Due to their narrow perspective, these
models often consider great detail and provide very good, if not optimal, solutions to the operational
decisions.

To facilitate a concise review of the literature, and at the same time attempting to accommodate the
above polarity in modeling, we divide the modeling approaches into three areas --- Network Design,
“Rough Cut" methods, and simulation based methods. The network design methods, for the most
part, provide normative models for the more strategic decisions. These models typically cover the
four major decision areas described earlier, and focus more on the design aspect of the supply chain;
the establishment of the network and the associated flows on them. "Rough cut” methods, on the
other hand, give guiding policies for the operational decisions. These models typically assume a
"single site" (i.e., ignore the network) and add supply chain characteristics to it, such as explicitly
considering the site's relation to the others in the network. Simulation methods is a method by which
a comprehensive supply chain model can be analyzed, considering both strategic and operational
elements. However, as with all simulation models, one can only evaluate the effectiveness of a pre-
specified policy rather than develop new ones. It is the traditional question of "What If?" versus
"What's Best?".

Network Design Methods

As the very name suggests, these methods determine the location of production, stocking, and
sourcing facilities, and paths the product(s) take through them. Such methods tend to be large scale,
and used generally at the inception of the supply chain. The earliest work in this area, although the
term "supply chain" was not in vogue, was by Geoffrion and Graves [1974]. They introduce a
multicommodity logistics network design model for optimizing annualized finished product flows
from plants to the DC's to the final customers. Geoffrion and Powers [1993] later give a review of the
evolution of distribution strategies over the past twenty years, describing how the descendants of the
above model can accommodate more echelons and cross commodity detail.

Breitman and Lucas [1987] attempt to provide a framework for a comprehensive model of a
production-distribution system, "PLANETS", that is used to decide what products to produce, where
and how to produce it, which markets to pursue and what resources to use. Parts of this ambitious
project were successfully implemented at General Motors.
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Cohen and Lee [1985] develop a conceptual framework for manufacturing strategy analysis, where
they describe a series of stochastic sub- models, that considers annualized product flows from raw
material vendors via intermediate plants and distribution echelons to the final customers. They use
heuristic methods to link and optimize these sub- models. They later give an integrated and readable
exposition of their models and methods in Cohen and Lee [1988].

Cohen and Lee [1989] present a normative model for resource deployment in a global manufacturing
and distribution network. Global after-tax profit (profit-local taxes) is maximized through the design
of facility network and control of material flows within the network. The cost structure consists of
variable and fixed costs for material procurement, production, distribution and transportation. They
validate the model by applying it to analyze the global manufacturing strategies of a personal
computer manufacturer.

Finally, Arntzen, Brown, Harrison, and Trafton [1995] provide the most comprehensive deterministic
model for supply chain management. The objective function minimizes a combination of cost and
time elements. Examples of cost elements include purchasing, manufacturing, pipeline inventory,
transportation costs between various sites, duties, and taxes. Time elements include manufacturing
lead times and transit times. Unique to this model was the explicit consideration of duty and their
recovery as the product flowed through different countries. Implementation of this model at the
Digital Equipment Corporation has produced spectacular results --- savings in the order of $100
million dollars.

Clearly, these network-design based methods add value to the firm in that they lay down the
manufacturing and distribution strategies far into the future. It is imperative that firms at one time or
another make such integrated decisions, encompassing production, location, inventory, and
transportation, and such models are therefore indispensable. Although the above review shows
considerable potential for these models as strategic determinants in the future, they are not without
their shortcomings. Their very nature forces these problems to be of a very large scale. They are often
difficult to solve to optimality. Furthermore, most of the models in this category are largely
deterministic and static in nature. Additionally, those that consider stochastic elements are very
restrictive in nature. In sum, there does not seem to yet be a comprehensive model that is
representative of the true nature of material flows in the supply chain.

Rough Cut Methods

These models form the bulk of the supply chain literature, and typically deal with the more
operational or tactical decisions. Most of the integrative research (from a supply chain context) in the
literature seem to take on an inventory management perspective. In fact, the term "Supply Chain" first
appears in the literature as an inventory management approach. The thrust of the rough cut models is
the development of inventory control policies, considering several levels or echelons together. These
models have come to be known as "multi-level” or "multi-echelon” inventory control models. For a
review the reader is directed to Vollman et al. [1992].

Multi-echelon inventory theory has been very successfully used in industry. Cohen et al. [1990]

describe "OPTIMIZER", one of the most complex models to date --- to manage IBM's spare parts
inventory. They develop efficient algorithms and sophisticated data structures to achieve large scale
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systems integration.

Although current research in multi-echelon based supply chain inventory problems shows
considerable promise in reducing inventories with increased customer service, the studies have
several notable limitations. First, these studies largely ignore the production side of the supply chain.
Their starting point in most cases is a finished goods stockpile, and policies are given to manage
these effectively. Since production is a natural part of the supply chain, there seems to be a need with
models that include the production component in them. Second, even on the distribution side, almost
all published research assumes an arborescence structure, i. e. each site receives re-supply from only
one higher level site but can distribute to several lower levels. Third, researchers have largely focused
on the inventory system only. In logistics-system theory, transportation and inventory are primary
components of the order fulfillment process in terms of cost and service levels. Therefore, companies
must consider important interrelationships among transportation, inventory and customer service in
determining their policies. Fourth, most of the models under the "inventory theoretic" paradigm are
very restrictive in nature, i.e., mostly they restrict themselves to certain well known forms of demand
or lead time or both, often quite contrary to what is observed.

The preceding sections are a selective overview of the key concepts in the supply chain literature.
Following is a list of recommended reading for a quick introduction to the area.
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