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Abstract

The management of supply chain is getting more and more attention in a wired world demanding fast
response and flexibility with excellent service quality. There are, as there should be, many studies done to
aid companies with better knowledge in operating their supply chains. However, these studies are either
too conceptual to be directly put into use, or too specific and complex to be applied to an individual case.

The objective of this study, hence, is to find the maximum flow with the minimum cost based on the
given supply chain network and product tree structure. Given the original supply chain graph with its
product tree graph, this study constructed an algorithm that first transforms the original graph of the
supply chain into another form. During the transformation, all the information, such as the cost and
capacity of each link, should be kept in the new form of the supply chain.

With the help of the minimum cost flows problems found in network flow models, this study than
apply the max-flow min-cost algorithms to the transformed supply chain. In the algorithm developed
herein, the capacity and cost relating to each link in the supply chain are taken into account to solve for
the maximum possible output with the lowest cost possible in the supply chain.

Since this algorithm is general enough, hence it  is suitable for a manager to use to assist his decision
regarding maximum flows and minimum cost in a supply chain. Although it may only be a first step
toward a more complete model for supply chain management problem, there are some findings worth
discussing in the study. An example illustrating the algorithm is also presented and is followed by some
managerial implications. A conclusion is also included at the end of this paper..

1. Introduction
In a fast changing world, it is more and more important for a company to respond as quickly as possible so as not to

fall behind its competitors or lose customers. To become responsive, however, a company has to work not only on its
own performance but also on the management of the supply chains of the products. Since a supply chain is, as the name
implies, "a network of facilities that performs the functions of procurement of material, transformation of material to
intermediate and finished products, and distribution of finished products to customers" [9, p.835], the management of a
supply chain is by no means an easy job. For this reason, the management of supply chains becomes an important issue
for any business in the highly globally competitive world today, as it does for any researcher interested in the business
domains.

There are quite a few studies focusing on the management of supply chain. Generally speaking, studies can be
grouped in two main categories. Studies in one of the two categories lend themselves to the clarifications of important
concepts of supply chain management [3, 7, 8, 10], while studies in the other category serve as examples with models,
experiences and problems encountered in real cases [2, 6, 9]. Conceptual-oriented research helps a lot in correcting
wrong ideas or pitfalls  [8], but provides few help when a company tries to improve its own supply chain. On the
contrary, case-oriented research can light up the way for a company with similar situation and ready to build its own
models, but if the cases were not properly generalized, they would be of little value.

Regardless of what the virtues these two kinds of studies may have, there is still a lack of a general mathematical
model for any supply chain to apply. The problem of lacking a general model is more critical when most of the mid-
sized or small-sized businesses would probably not have the budget to build their own mathematical models. Moreover,
lacking a general model also makes it difficult for researchers to discuss and to discover certain problems in the
management of supply chain.



This study tried to answer the above call with a general model of a supply chain, with the help of maximum flow
problem seen in network flow models  [1]. With the help of the model, a manager can find the maximum flow in his
supply chain and makes the most use of the chain. The model is thus designed that with some modifications, it provides
a fast and feasible, if not optimal, solution for any supply chain.

After this section, the paper presents the reviews of some important literatures in the following section. The
formulation of the model is given in section 3, followed by an illustrative modeling example in section 4 with
managerial implications. A conclusion summarizing the findings and the possible research directions appears in the last
section.

2. Literature Review
Two categories are used to classify related studies, namely, conceptual-oriented and case-oriented studies. The

differentiation line is drawn at how a study presents and generalizes its result. A study is said to be a conceptual-
oriented one if the stress of the study is on the instructions of general concepts, while the study can result from a real
world case. On the contrary, a case-oriented study focuses more on some special cases and the experiences learnt.
Ambiguity exists as it should, but the distinction is still clear.

Lee and Billington [8], Billington [3] and Fisher [7] are examples of conceptual-oriented studies. In this sense, they
all introduced many great concepts in managing the supply chain or the inventory in a supply chain. However, the lack
of detail description of how to build one's own model may disappoint some managers.

For example, Lee and Billington [8] were quite descriptive with many illustrative examples to clarify their point of
view. In the article, fourteen often seen pitfalls were discussed, including the basic misunderstanding and misusage of
supply chain, the operational problems encountered, and some strategic issues. There were also some opportunities
observed by them worth noticing. Fisher [7] provided a good grid to identify the fitness of the product of a company
and its supply chain. While it is very helpful, a manager may want to know more about how to find some details in his
own situation.

On the other hand, Arntzen et al. [2], Lee and Billington [9] and Cohen and Mallik [6] serve as good examples of
case-oriented studies. Experiences were illustrated and can be learnt for those companies who have the capabilities or
are ready to start building such models. However, medium to small companies may not benefit much from these studies,
since small companies wouldn't afford to build complex mathematical models. Besides, the formulations may not apply
to specific condition.

There are still researches trying to provide more general yet mathematical help. Chen and Chern [4, 5] have done
some studies utilizing the network flow algorithms such as shortest path algorithm and maximum flow algorithm. In
their studies, a general supply chain graph, with the graph of the production tree of the supply chain, is transformed into
another form that is ready to apply the shortest path or the maximum flow algorithm. With each algorithm, their
algorithms are suitable for easy solution about the lowest cost production path or the maximum amount of production in
the supply chain. Hence each of their algorithms provides a simple yet mathematical way for supply chain managers to
make decisions regarding one of the above issues. However, their model works for either lowest cost or maximum
production output only, but it is usually necessary to consider both objectives in a supply chain decision. Therefore, it is
possible to improve their studies by combining the two considerations.

According to the above reviews, it is obvious that there is a need for a general but mathematical model for taking into
account of cost and production amount. This study, based on the results achieved by Chen and Chern [4, 5], tried to
answer the call with the following algorithm that provides such a solution.

3. Model Formulation
The algorithm of the maximum production output with the lowest cost consideration in a supply chain works as

follows. First the graph of the supply chain is transformed to be ready to apply any of the traditional minimum cost flow
algorithms, such as those mentioned in [1]. After the maximum flow with the lowest cost “path,” i.e. the lowest cost
way to produce the final product, is found, the capacity of this path is also known. The most challenging part of this
study, hence, is the part of transforming the original supply chain graph, which is not ready for the traditional minimum
cost flow algorithm, into the form that is ready to directly apply the well-developed and efficient minimum cost flow
algorithms. To apply the algorithm developed in this study, some assumptions, terms and notations have to be defined.
Most of them are borrowed from Chen and Chern [4, 5].

For the time being, there can be only one kind of item shipped per arc. That is, although the items would be different
on different arcs, it is thought of as the kind of single commodity problems. Moreover, a node in a supply chain can
only have production function or distribution function or both. The definitions of production and distribution functions
are given below along with other definitions and notations.
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y ANG , : A supply chain network or a product tree can be represented by a directed graph x

yG , in which x
yN  and

x
yA  are the set of all nodes and all arcs in x

yG , respectively. Since the original supply chain graph needs to be

converted before applying the maximum flow algorithm, superscript x is used to indicate the number of steps counted
while converting the original graph, and subscript y denotes what G stands for. For example, 1

SCG  represents a supply

chain network after being converted once and 0
PTG  a product tree in its original configuration. By definition, x is  an

integer and 0≥x .

(i, j): The directed arc from node i to node j in x
yA .

Production function: If a node performs some kind of processing work in a supply chain, it is said to have the
production function. By definition, a node with production function transforms components it receives into a
different component or components in the product tree item set, 0

PTN .

Production node: If a node performs production function only, and all components sent to this node are necessary in
producing outward items, it is a production node. A production node can be further categorized as an internal or
external production node. An internal production node not only uses the components it receives as materials for
production, but also takes the items it produces again as materials to further produce other items. (All items
mentioned here could be found in the product tree.) In other words, in the product tree hierarchy, an internal
production node produces product items one or more levels higher than those product items it receives. On the other
hand, an external production node produces items only one level higher (in the product tree) than what it receives.
That is, an external production node uses only what it receives as materials to produce items  without using what it
produces  as materials. A one-item production node is a production node that ships out exactly one kind of item.

Distribution function : If a node ships out what it receives without processing them, it is said to have the distribution
function.

Distribution node : If a node performs distribution function only, it is a distribution node. A node is further called a one-
item distribution node, if it is a distribution node and it ships out exactly one kind of item.

COi: The product component (item) produced/shipped by node i.
xinCostM
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ijc  is thus defined

that it includes only the added costs but not the material cost except for the raw material providers.
ni,j: The number of COi needed to produce one COj.

x
jiu ,
: The capacity limit of flow on (i, j) in x

yG . The unit of x
jiu ,
 is the number of COi.

Before modeling a supply chain, two extra virtual nodes and some arcs have to be added in the supply chain. Node s
and t represents the source and sink node respectively. There should also be some arcs added to link s and t to other
nodes. A node i without arcs linked into it, that is, a starting node without suppliers in a supply chain, should add (s, i)
with csi = 0 and us,i = ∞. A node j without arcs linked to other node, that is, an ending node without demand nodes in a
supply chain, should add (j, t) with cjt = 0 and uj,t = ∞. ( )000 , SCSCSC ANG  is formed from the original configuration of the
supply chain and these added nodes and arcs.

With the above definitions, a supply chain ( )000 , SCSCSC ANG  can be mo dified and solved by the algorithm for the
maximum flow with the lowest cost consideration.
Step 1. Differentiate the production function from the one-item distribution function by splitting node i into sub-

nodes. That is, separate the one-item distribution function, if any, performed by any node in ( )000 , SCSCSC ANG

with sub-nodes managing these one-item distribution functions. Add and move necessary arcs and set a new
capacity limitation for each arc, at the same time record all the information about cost and capacity. Create

( )111 , SCSCSC ANG  after step 1.

Step 2. Make all production nodes become one-item external production nodes. That is to split all production nodes
into one or more one-item external production nodes. Furthermore, a production node after the splitting
should not receive the same component from different vendors. Add and move necessary arcs, and also
calculate for the correct capacity limit for each arc. Create ( )222 , SCSCSC ANG  to denote the changes and

include new sub-nodes and arcs added or moved after step 2. For every j in 1
SCN  that (j, i) is split into (j,

i_1)  to (j, i_k), add a constraint that ∑ =
k

ijkij uu 1
,

2
_, .



Step 3. Combine the arcs carried different items into a production node in 2
SCG  to create 3

SCG  which is suitable for

the maximum flow algorithm, so that these arcs and nodes form a new arc (Q, i) and a new node Q. In
which Q is the set of these combined vendor nodes. Begin from the original starting nodes in 2

SCN , i.e.

nodes have no upstream arcs other than those to s, calculate for { }ijijiQ nuu ,
2
,

3
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,

2
, iQki uu > , set 3

,
3
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j
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,

. At last create

( )333 , SCSCSC ANG  for these changes.

Step 4. Apply any of the minimum cost flow algorithms and search to find 3inCostM
ϖ

.
Step 5. Use 3inCostM

ϖ
, ( )3inCostMn

ϖϖ , ( )333 , SCSCSC ANG , ( )222 , SCSCSC ANG  and ( )111 , SCSCSC ANG  to expand 3inCostM
ϖ

and ( )3inCostMn
ϖϖ  back into the path 0inCostM

ϖ  and ( )0inCostMn
ϖϖ  along with the minimum cost in

( )000 , SCSCSC ANG .

4. Example and Managerial  Implications
This section provides a simple example for all the steps in the previous section to show the feasibility of the

formulation. There are also some managerial implications after the example.
An example supply chain ( )000 , SCSCSC ANG  of a company is shown in Fig. 1. The “COx : a / b” notation above or at the

right side of each arc (i, j) are used to denote the component and its quantity shipped from node i to j, in which COx is
the component shipped, and a is the capacity ui,j of each (i, j), and b is the largest possible quantity of the final product
made from these COx in the product tree. Furthermore, the number under or at the left side of each arc is the cij of each
(i, j). Moreover, the product tree ( )PTPTPT ANG ,  of 0

SCG  is shown in Fig. 2, in which the number after the slash is ni,j.

Fig. 1 ( )000 , SCSCSC ANG  of a company

By carrying out step 1 to step 2, ( )222 , SCSCSC ANG  is created as shown in Fig. 3. Dotted circles and arcs are sub-nodes

or arcs being added or split. Since node P2 is split into P2-1 and P2-2, 
2

, 21 PPu  should also split to 3
, 1211 −− PPu  and 3

, 2211 −− PPu  that
3

, 1211 −− PPu + 3
, 2211 −− PPu = 2

, 21 PPu . If it is assigned that 3
, 1211 −− PPu =x1, then 3

, 2211 −− PPu = 1
2

, 21
xu PP − . In this example, 2

, 21 PPu =17, so

3
, 2211 −− PPu =

117 x− , in which 170 1 ≤≤ x . The same logic can be applied on 3
, 212 DPu

−
 and 3

, 222 DPu
−

, and 130 2 ≤≤ x .
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Fig. 2 ( )PTPTPT ANG ,  of the supply chain in Fig. 4

After step 3, some of the nodes are combined and ( )333 , SCSCSC ANG  is now shown in Fig. 4. By executing step 4 and
search for the maximum flow with lowest cost, 3inCostM

ϖ
 is now found as 3inCostM

ϖ
=

}{ TRDPVPVVS ,,,,,, 121241121 −− , with ( )3inCostMf
ϖϖ

 = 5 and ( )3inCostMc
ϖϖ  = 62. Backtrack from 3inCostM

ϖ
,

0inCostM
ϖ

 is shown in Fig. 5 with bold arcs.

Fig. 3 ( )222 , SCSCSC ANG  after step 3

The solution found here can be used as a way to find the lowest cost of manufacturing the final product from the
supply chain without performing complex optimization calculations. A manager can formulate the supply chain with the
algorithm established here, so that he can find the low cost choice to produce the products needed.
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Figure 4 ( )444 , SCSCSC ANG  and 3inCostM
ϖ

 (in bold arc) after step 4

Figure 5 0inCostM
ϖ

 in ( )000 , SCSCSC ANG

The max flow-min cost “path” found in a network is not really a “path” in its traditional meaning. It is a route which
including necessary entities to produce the final product. Furthermore, the minimum “cost” is not necessarily the
financial cost incurred, but it can represent time, actual distance or other relating factors from a source node to a sink
node. Hence it is suitable to be used in a supply chain to find the lowest cost, whatever it represents, production path
with maximum output in the supply chain. In a sense, it is like the critical path in the supply chain, and a manager can
arrange the allocation of resources/orders in his supply chain according to the critical path.

Besides, the model is itself general and easy to build without a large amount of money or professional knowledge.
The point is important because many companies, especially in Asian regions, are small to middle size businesses. For
this reason, it is not possible for them to hire or introduce complex modeling staff or technique to enhance their
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management in supply chains. The model developed here is helpful for them to adopt and modify into their own
business considerations.

Second, with the help of this algorithm, the model can be used to generate an initial result of the possible path to
produce the products required in a supply chain. It is especially important when there is no time to develop complex
models while the market are demanding fast response, or while the managers want to get an approximate yet
quantitative idea about the shortest production cycle or the lowest cost possible to produce a product in their supply
chains.

At last, because the model is split in a “product tree” fashion to apply the shortest path algorithm, it can be seen that
there seems to be different “sections” or “cuts” existing in the supply chain. The observation is furthered by examine
the different levels in a product tree that these levels have some relationships with the cuts in the supply chain. These
seemingly hierarchical levels do exist in the supply chain networks. It is thus possible to find a way to optimize in each
cut to still approach some degree of optimal solution for the whole supply chain. It is worth studying for the researchers
or managers. By examining their own supply chain models, companies may get some insight to better understand and
manage their supply chains.

5. Conclusion
The algorithm developed in this study is another step toward a general model of a supply chain management problem.

There are some points worth considering in the study.
First of all, the result yielded from the algorithm serves as an initial basis for a manager to make a decision about

saving the most from his supply chain so as to fulfill the demand of the market. Since the market is greatly fluctuant,
sometimes a manager needs to make a quick decision. The algorithm developed herein is simple enough to assist the
job.

Second, such an algorithm is general enough to be put into practice with a few modifications. It is especially suitable
for those medium to small size companies, who may not have enough resources to build their own specific models, yet
still need to evaluate their supply chain based on a mathematical way.

Third, the algorithm, along with the formulation closely connected to the product tree, also serves as a ground for
researchers to discuss the issue about the management of a supply chain. More research should be done in this direction,
and a more detailed yet general enough model can be expected.

At last, since the formulation honoring the single commodity max flow-min cost problem, there are some future
directions of research lying here. The most important one is the consideration of uncertainty. If uncertainty can be
formulated into the model, it would be of great help. Multi-commodities maximum flow is another interesting topic.

The supply chains have become so complex that it's impossible for a single company to handle. Therefore, closer
cooperation and coordination are in urgent need. It is also true for the development of a better model for supply chain
management, no matter in practice or in academic research. A good model is surely helpful in this direction, and that's
the reason why this study was set out.
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