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v Abstract

The design and operation of supply chains (SCs)
have become key issues while companies are facing
more competitive global environments today.
However, SC management is rather difficult with
distinct complexities and uncertainties. Moreover, the
related studies are either conceptual, lack of
mathematical representations or too specific and
complex to put in use by others. This study tries to
stand in between with the construction of a general
model to estimate the optimal allocation in a SC. With
the help of the shortest path algorithms found in
network flow models and the product tree of the final
product, the mathematical representation can provide
guidelines in SC decisions with little modification for
practitioners.
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Problem, Product Tree.
v 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[6]. To
become responsive, however, a company has to work
not only on its own performance but also on the
management of the SCs of the products. There are
quite a few studies focusing on SC management
(SCM). However, there is ill a lack of a genera
model for a SC. This problem makes it difficult for
researchers to discuss and to discover certain problems
in SCM. This study tried to build a genera SC model
with the help of maximum flow algorithms seen in
network flow models [1]. With this SC model, a
manager can find the maximum flow in his SC and
makes the most use of the chain.

v Literature Review

In this section, studies are reviewed and
classified into the above two categories. concept- and
model-oriented. There are many studies falling into the
concept-oriented category. Lee and Billington [7]
discussed the pitfalls and opportunities found in
managing SC inventory. Fisher [5] constructed a grid
to identify the fithess of a product and the
corresponding SC. Billington [3] found that different
entities in a SC lack an integrated angle to locate the
bottlenecks and problems in the SC. Lee et a. [9]
identified the so-called “bullwhip effect” found in
many SCs. It's about that the demand order
variabilities will be magnified as these demands go
upstream in the SC. However, as mentioned, most of
these observations are descriptive in nature.

The model-oriented studies usualy give
accounts of specific examples and cases in more
details, sometimes including the models built. The
paper of Lee and Billington [8] serves as an example
of model-oriented studies. They discussed the needs of
model support anaysis, recorded the development
process of a real case of HP DeskJet printer, and
showed the lessons learned. Arntzen et al. [2] is



another example. They described the global SC model
at DEC. The analysis and construction processes of the
model are given along with some formulation indices
and solution methods used. The impact of the model is
aso discussed. These cases, especialy the
development processes, are very helpful to any
companies that want to build their own SC models.
However, for most mid- to small-sized companies, it is
still difficult to get handy help. Chen and Chern [4],
however, had tried another way to build some general
yet mathematical algorithms for SC. Nevertheless,
such studies are just emerging and are still called for.

v Model Formulation

To answer the call, a general model is built here
utilizing the shortest path algorithms as a starting point.
Since the concern is not at the shortest path algorithm
itself, any algorithms, such as the classic algorithm
from Dijkstra or other modified ones can be used as in
[1]. Before the construction of the SC model, some
terms and notations must be defined.

G;(NX AX): A SC network or a product tree can be

oy

represented by a directed graph G;(N;, A;), in which
N and A arethe set of all nodesand all arcsin G

respectively. Since the original SC graph needs to be
converted before applying the shortest path algorithm,
superscript x indicates the number of steps counted
while converting the original graph, and subscript y
denotes what G stands for. For example, gL

represents a SC network after being converted once
and G a product tree in its original configuration.

By definition, xisan integer and xs 0.
(7, j): The directed arc from node / to nodej in AL

Production functior:. 1f a node performs processing
work ina SC, it is said to have the production function
(P-function). By definition, a node with P-function
transforms components it receives into a different
component or components in the product tree item set,
NS, -

Production node If a node performs P-function only,
and all components sent to this node are necessary in
producing outward items, it is a production node (P-
node). A P-node can be further categorized as an
internal or external P-node. An internal P-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 can be found in the product tree.) In
other words, in the product tree hierarchy, an internal
P-node produces product items one or more levels
higher than those product items it receives. On the
other hand, an external P-node produces items only
one level higher (in the product tree) than what it
receives. That is, an external P-node uses only what it
receives as materials to produce items without using
what it produces as materials. A one-item P-node is a
P-node that ships out exactly one kind of item.

Distribution function. 1f a node ships out what it
receives without processing them, it has the
distribution function (D-function).

Distribution node 1f a node performs D-function only,
it is a distribution node (D-node). A node is further
called aone-item D-node, if it is a D-node and it ships
out exactly one kind of item.

5% The shortest sub-network vector generated in
G;(N;, A;) from node sto t. n(fg*) is used to denote

the "length" of the shortest sub-network in §*.

¢ The cost incurred for / to process an item and/or
deliver the item between (/, /) in G;(N;, AyX). ¢ is
thus defined that it includes only the added costs but
not the material cost except for the raw materia
providers.

CO; The product component produced/shipped by
node /.

n;;: The number of CO, needed to produce one CO..

It is worth mentioning that any node in a SC can
possibly be at the same time with production function
and distribution function. Before modeling a SC, two
extra virtual nodes and some arcs have to be added in
the SC. Node s and t represents the source and sink
node respectively. There should also be some arcs
added to link sand ¢ to other nodes. A node / without
arcs linked into it, that is, a starting node without
suppliersin a SC, should add (s, /) with ¢5 = 0. A node
J without arcs linked to other node, that is, an ending
node without demand nodes in a SC, should add (j, t)
with ¢; = 0. ch(Ngcv Agc) is formed from the origina
configuration of the SC and these added nodes and
arcs. With these definitions, a SC, ch(Ngc, Agc), can

be modified and solved by the shortest path algorithm.

Step 1. Differentiate the P-function from the
one-item D-function by splitting node / into sub-nodes.
Step 1-1. If node /in n¢. performs both P- and

D-functions, split / into one single P-subnode and one
or more one-item D-subnodes,. If / is a D-node but
supplying more than one kind of item, it only needs to
be divided into several one-item D-subnodes. However,
if /is already a P-node or a one-item D-node, nothing
is done for node i in this step. Properly add and assign
arcs into/from these sub-nodes that the flows are the
same as they were. Arc (j, i) should be split to (f, i_1)
to (j, i_k) if node i is split to k sub-nodes.

Step 1-2. Create gL (Néa AL ) to denote
changes and to include new sub-nodes and arcs added
or moved for this step.

Step 2. Make al P-nodes become one-item
external P-nodes.

Step 2-1. Split al P-node /in p:_ into one or

more external P-nodes. If /isan internal P-node, split /
into sub-nodes that acts as external P-nodes. Properly
add and move required links. If anitem /; ,, where /_p
isasub-node of /, isinternally produced and used only
asinternal material, that is, /; ,isnot supplied to nodes



other than sub-nodes of /, ¢? i a should be zero.

Step 2-2. Split now all external P-nodes into
one-item external P-nodes. Add and move arcs as
necessary.

Step 2-3. Create Géc(Nic, A_gc) to denote
changes and to include new sub-nodes and arcs added
or moved for this step.

Step 3. Combine the arcs linking into the
same P-node in n2. and aso combine nodes

providing these arcs into a new node set. Sum up
downstream the corresponding costs.

Step 3-1. Check every P-node /in 2. Combine
nodes with arcs linking into / to become a new node set
K, and also combine these arcs into a new arc (K, i)
that ¢ = é_ ¢ Properly add and move required

J

links.
Step 3-2. Create §x(N2cv A_gc) to denote changes

for this step.

Step 4. Apply the shortest path algorithm, such
as Dijkstra's or other [1] on g3. and solve for the
shortest sub-network  &°.

Step5.  Use s, G (NS, A
cz(nvz, A2), and G (%, AL to expand S° back
into the sub-network &° in Go(ne,, A2)-

v lllustrating and

Implications

Example Managerial

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 SC,
ch(Ngc, Agc), is shown in figure 1 with a product tree,

GPT(NPrv Apr)- shown in figure 2. CO, above or at the

right side of each arc (7, j) are used to denote the
components shipped from node / to j. The number
under or at the |eft side of each arc is the ¢; of each (7,
J)- It's easy to tell that P; and P, both perform P-
functions. To execute step 1 and 2, P; should be spilt
into sub-nodes P;; and P, in order to perform one-
item external P-function, and P..becomes P._; and Po.,.
The related arcs should be added as shown. The SC
network, ch(Ngc, Agc), after step 2 is shown in figure

3 and consists of only distribution nodes and one-item
external production nodes. In turn, it's easy now to
adopt step 3 to combine the costs for all these one-item
external production nodes, and GZC(Nic, Agc) is
available in figure 4. Apply the shortest path algorithm
now, and get & = {SVV,, R,V R, D, R. T}
Backtrack from &, &° isshown infigure 5 with bold
arcs.

The shortest path found in a network is the
shortest “sub-network” (in terms of cost, time, or
actual distance) from a source node to a sink node.
Hence it is suitable to be used in a SC to find the

lowest cost, whatever it represents, production sub-
network in the SC. In asense, it is like the critical path
in the SC, and a manager can arrange the allocation of
resources/orders in his SC according to the critical
sub-network.

Figurel g% (w2, A%) of acompany

()
Figure2 GPT(NPrv Apr) of the SC in Fig. 1

Figure4 G2 (N3, 43)and & (bold) after step 3
and 4



Figure5

S in 6L (N, AL)

It's also possible to combine the consideration of
cost and time. By properly assigning weighted factors
for financial cost and temporal cost respectively, a
combined cost of both time and money can be set.
Utilizing the model presented here, a critica sub-
network with both considerations can be found.

It is worthwhile to discuss the relating issues of
the model constructed in this study to provide some
insights. First of al, 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
management in SCs. The model developed here is
helpful for them to adopt and modify into their own
business considerations. Second, with the help of the
shortest path problem algorithm, the model can be
used to generate an initial result of the possible
“shortest” sub-network to produce a product in a SC. It
is especialy 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 SCs. 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 SC.
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 SC 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 SC. It is worth studying for the researchers
or managers. By examine their own SC models,
companies may get some insight to better understand
and manage their SCs.

AV Conclusion

The general SC model constructed in this report
is a useful and practical model in many ways. First, it
provides a simple yet practica fashion to build a
company's SC model. With such a mathematical model
and the formulation developed here, it is easy to apply
the shortest path algorithms. The result is a

guantitative basis for decisions regarding the fastest
production cycle, the lowest cost production path, or a
weighted consideration of the both--simply adjust the
weighted factors. Second, in the academic search for a
more general model to represent and discuss the
management of SCs, thismodel and formulation serves
a good starting point. It is possible to add more new
considerations into the formulation to improve its
representative ability. Since most network flow models
are deterministic, it's important to revise the
formulation with some uncertainties to improve its
reliability. After al, a general and applicable
mathematical SC model is always called for in this
competitive world. When more potential efficiency in
SCs is found though such a model, it is possible for
businesses everywhere to better enhance human life.
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