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Abstract. To increase its validity, a supply chain model should take into
account destruction and disruption risks. In addition to these risks, another
factor to consider is the financial condition of a supply chain as it is also as
important as product and information flows. The aim of the current study was to
optimize a supply chain network while considering destruction and disruption
risks as well as its financial condition. A proposed supply chain model in the
current study was constructed by utilizing the Game Theory based agent model
in order to simulate each tier’s dynamic decision making, as well as the Particle
Swarm Optimization method in order to optimize the overall model by allowing
for all three factors (i.e., destruction and disruption risks, and supply chain
finance) simultaneously.
Keywords: Supply chain finance, Destruction, Disruption, Particle swarm
optimization

1

Introduction

Previous studies on supply chain management (SCM) have mainly focused on the
effects on the supply chain of information sharing [1], inventory policy [2], and/or
demand prediction [3]. In other words, the mainly addressed research issues were all
related to goods and information flows involved in the supply chain [4]. Actual
supply chains, however, are more likely to face with destruction and disruption risks
due to supply uncertainty and other external factors, which can adversely affect the
performance of the organizations involved [5]. Supply chains of Ford and Toyota, for
example, were severely influenced by the September 11 attacks [6].
For its construct validity, the supply chain model should take into account both
product information and financial issues simultaneously. Although the financial flow
of a supply chain is as important as other topics such as inventory policy, it has not
been addressed sufficiently [4][7]. The current study, hence, aims to develop a
financially optimized supply chain model that reflects both supply and demand
uncertainty as well as destruction and disruption risks.
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2

Review of the literature

Destruction of a supply chain has been studied from a topological perspective. The
effectiveness of a supply chain was examined in terms of its robustness,
responsiveness, flexibility, and adaptivity when its nodes (tiers) were destructed
[5][8]. In addition, some other studies were about modeling a more efficient supply
chain starting from a more upstream stage [9].
Disruption of the supply chain, on the other hand, has been studied from a
resilience perspective as its inventory and manufacturing capacity can function as a
buffer [10]. To the authors’ knowledge, however, few studies have considered both
destruction and disruption risks of a supply chain, though these are more likely to take
place in real-life situations, and in a more complex way (e.g., sequentially,
simultaneously, or at multiple tiers).
The financial perspective of the supply chain has been mainly studied in terms of
the effects of the finance sectors on the supply chain [4]. It is necessary to study
financial issues of the supply chain rather at a macro level, in terms of optimization of
supply chain finance (SCF).

3

Modeling and Optimization Process

3.1 Model Construction
The supply chain model considered in the current study consists of suppliers,
manufacturers, distributors, and wholesalers. Each company in the supply chain was
assumed to have their own financial company. For example, Manufacturer1 has a
financial company called FC1, whereas Distributor1 and Wholesaler1 can have a
common financial company called FC2.
A typical supply chain (e.g., suppliers-manufacturers-distributors-wholesalers)
involves many different types of financial elements or cash flows such as inventory
cost, stock-out cost, cash retention capability, accounts receivable, disbursement.
These financial elements occurring at each tier are important as these can affect the
overall supply chain.
In the current study, the supply chain model with destruction and disruption risks
were constructed by treating each tier as an agent using a simulation model [11][12].
Disruption cycle and duration were determined by using both deterministic and
stochastic distributions.
An agent model for the decision made by Manufacturer1 and FC1 is described in
Figure 1. According to a tier (e.g., Manufacturer1)’s priority set for fund usage,
dispute between its internal organizations (e.g., P1 and P2) or financing from a
financial company (e.g., FC1) can lead to conflicting results for its benefits and/or its
customer satisfaction. The current study reflected this in the agent model by using the
Game Theory [13].
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Fig 1. An agent model that considers financial conditions of a supply chain

Manufacture1 in the supply chain is described as an agent, and the projects (P1
and P2) it can select from are described as sub-agents. In (x, y), x (or y) is the reward
when P1 (P2) is selected. Each agent has its own probabilities to propose and accept
negotiation conditions, and the sum of which is equal to 1. If we set the overall
benefit when accepting P1 (P2) to 𝑃𝑃1 (𝑃𝑃2 ), P1 (P2) can be formulated as Equation 1
(2), which shows the total benefit and customer satisfaction of the supply chain [13].
𝑃𝑃1 = (1 − 𝛼)𝑎 + 𝛼[𝛽𝑐 + (1 − 𝛽)[𝛾𝑒 + (1 − 𝛾)𝑎]]
𝑃𝑃2 = (1 − 𝛼)𝑏 + 𝛼[𝛽𝑑 + (1 − 𝛽)[𝛾𝑓 + (1 − 𝛾)𝑏]]

(1)
(2)

The financial area of the supply chain can be factored in by analyzing its cash
flow. The current study used the cash-to-cash method, in which a positive (negative)
value means there is cash to receive from a company (send to a company). The cashto-cash value is regarded as optimal when it is ≤ 0, which indicates that the
company’s financial status is efficient and profitable. As such, this condition can be
used to financially optimize the overall supply chain [14]. Cash-to-Cash Cycle can be
formulated using the inventory turnover period (ITP), the receivable turn-over period
(RTP), and the trade payable turnover period (TPTP) as in Equation 3.
Cash-to-Cash Cycle = ITP(c2c) + RTP(c2c) - TPTP(c2c)

(3)

3.2 Optimization Process
The PSO method [15] was used for financial optimization of a supply chain that has
destruction and disruption risks. As one of meta-heuristics methods comprised of
simplistic concepts, its algorithm can be easily programmed and usually requires only
several lines of code.
The probability to select each agent, α, β, or δ, and the corresponding reward, (x,
y) when selecting a specific agent corresponds to the kth element of a decision
(𝑡+1)
variable used in the PSO (Figure 1). 𝑥𝑛𝑘
denotes the kth element of the nth decision
(𝑡+1)
variable for the population group consisting of N particles. If 𝑥𝑛𝑘
has the velocity
to determine the location of the next generation (t+1), a particle, or a decision value in
the PSO method, can be described as Equation 4 [16].
(𝑡+1)

𝑥𝑛𝑘
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(𝑡)

(𝑡)

= 𝑥𝑛𝑘 + 𝑣𝑛𝑘

(4)
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Equation 4 is a generalized formula that determines the location of a particle in
(𝑡)
generation (t+1) by using its location and velocity in generation t. 𝑣𝑛𝑘 denotes the
th
th
velocity of the k element of the n particle in generation t. The velocity of each
particle in generation (t+1) can be calculated by using Equation 5.
(𝑡+1)

𝑣𝑛𝑘

4

(𝑡)

(𝑡)

(𝑡)

=𝑤𝑣𝑛𝑘 + 𝑐1 𝑟1 �𝑃𝑛𝑘 − 𝑥𝑛𝑘 � + 𝑐2 𝑟2 (𝐺𝑛𝑘 − 𝑥𝑛𝑘 )

(5)

Conclusion and Future Work

The current study considered destruction and disruption risks and financial condition
during supply chain optimization, as these are crucial for the sustainability of a supply
chain, as well as for the validity of the corresponding model. The simulation model
developed in the current study for supply chain optimization also possesses the
dynamic and stochastic characteristics of a typical supply chain. An agent model
based on the Game Theory was used for financial decision making, and the PSO
method was used for the overall optimization of the supply model. The results from
the simulation model and the agent model were used as a population). It is warranted,
however, to test in the field the proposed model for a supply chain with destruction
and disruption risks and to further improve it if needed.
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