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a b s t r a c t

The objective of this paper is to study how to minimize the total system cost (TSC) when patient safety is
considered in the hospital’s supply chain management (HSCM). Owing to the HSCM explored in material
flow, service level (S.L) is used as the index of patient safety level in this paper. HSCM includes three hos-
pitals and a centralized purchasing center (CPC). A genetic algorithm (GA) is applied in the CPC to com-
pute the dispatched quantity for each hospital. The results show that the CPC coordinates the total
obtaining quantity for each hospital and assists the hospital’s decision makers to estimate the total cost
for each hospital. Also, the sensitivity analysis shows that to increase the same S.L for each hospital, these
three hospitals should have almost the same incremental total cost when one unit quantity is dispatched.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

The supply chain management (SCM) for most industries is
complicated because the supply chain network includes suppliers,
manufacturers, and customers. The most important connection of
SCM from suppliers to customers is the inventories flow. How to
coordinate and integrate the mechanisms of the SCM is a key factor
to success (Christopher, 2000; Cooke, 1997; Lee & Ng, 1997; Stock,
Greis, & Kasarda, 1998). In relation to this, Romano (2003) ana-
lyzed three case studies of SCM interventions on the importance
of coordination and integration mechanisms in managing the logis-
tics process across different supply networks. Kim and Park (2008)
developed a set of e-business application strategies for the efficient
coordination and integration of the overall SCM. Xue, Shen Wang,
and Yu (2007) considered coordination through Internet-enabled
coordination mechanisms to improve the construction perfor-
mance in SCM. Liang and Huang (2006) developed a multi-agent
system to integrate and coordinate different systems in SCM using
information technology and effective communication.

Additionally, to understand the dynamic behavior of SCM, a
widely used approach to study it has been adopted based on the
dynamic systematic simulation methodology. Donsellar, Nieuwen-
hof, and Visschers (2000) proposed a simulation experiment to ex-
plore how unstable planning in a supply chain might become if the
wrong demand information was used. Fleisch and Tellkamp (2005)
simulated a three-echelon supply chain to examine the relation-
ship between inventory inaccuracy and performance in a retail
supply chain. Kao, Huang, and Li (2005) proposed a dynamic sim-

ulation network to represent the cause-and-effect relationship in
an industrial supply chain. Vlachos, Georgiadis, and Iakovou
(2007) tackled the development of efficient capacity planning pol-
icies for remanufacturing facilities in a reverse supply chain, which
was analyzed through a simulation model based on the principles
of the system dynamic methodology. Zhang and Zhang (2007)
developed a simulation approach that was applied to understand
one practical business problem in order to quantify firms’ business
operations and performances in a multi-tier supply chain. Longo
and Mirabelli (2008) presented an advanced modeling approach
and a simulation model for supporting the multiple performance
measures of SCM. Ozbayrak, Papadopoulou, and Akgun (2007) built
a system dynamic approach to form the operation model of the
supply chain network under study, and obtain a true reflection of
its behavior to measure the performances of the supply chain sys-
tem in terms of key metrics such as inventory, backlogged orders,
and customer satisfaction.

However, most SCM coordination studies are in the industrial
field, and only a few are in the hospital research field. Schut and
Bergeijk (1986) researched on price discrimination in the pharma-
ceutical industry. They indicated that in most developing countries
medicine had high medical costs and suggested that purchasing
should go through a centralized government agency in order to de-
crease the general price level of pharmaceuticals. Chaulet (1992)
recommended that to decrease medical cost, offer the best prices,
and guarantee the quality of the products sold, the supplier should
centralize the purchase of medicine. Gilbert (2001) emphasized
that the establishment of the e-health system could help hospitals
decrease procurement costs. However, buyers and suppliers must
work together toward standardization in order to agree on a uni-
versal product numbering system. Nyalnder, Suominen, Nenonen,

0957-4174/$ - see front matter � 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.eswa.2009.03.051

* Tel.: +886 4 22630003; fax: +886 4 22637219.
E-mail address: hcliao@csmu.edu.tw

Expert Systems with Applications 36 (2009) 11358–11362

Contents lists available at ScienceDirect

Expert Systems with Applications

journal homepage: www.elsevier .com/locate /eswa

mailto:hcliao@csmu.edu.tw
http://www.sciencedirect.com/science/journal/09574174
http://www.elsevier.com/locate/eswa


Rintanen, and Pelanteri (2002) analyzed a hospital’s total cost and
showed that improving the affecting factors of HSCM could in-
crease overall efficiency. E-health is an information communica-
tion that can be provided for the decision makers by using
existing register data on the suppliers, hospitals, and customers
(More & McGrath, 2002.

Currently in Taiwan, improving patient safety is an important
issue to enhance the high quality care of hospitals. Schmidt
(2003) examined the barriers in reporting medication errors and
considered that the application of periodic monitoring in medical
inventory could improve inventory control to increase patient
safety relatively. Dimick, Birkmeyer, & Upchurch (2005) concluded
that the strengths and weaknesses of the provider volume are a
medical quality indicator and considered that the provider volume
should be put into the health policy for patient safety. Menachemi
& Brooks (2006) used patient safety-related health information
technology to computerize physicians’ identification and notifica-
tion of individual patients about important changes in their drug
therapy. Rogers, Jones, & Oleynikov (2007) used radio frequency
identification to implement an automatic inventory record to re-
duce the incidences of human factor and improve patient safety.

Based on the above studies and their significance, the purpose
of this paper is to establish a dynamic simulation model of HSCM
to obtain the minimization of the total system cost (TSC) based
on each hospital’s patient safety level. The research structure of
HSCM is based on the strategic alliance of three hospitals in central
Taiwan. The HSCM must appropriately dispatch the obtaining
quantity of medicines for each hospital. A genetic algorithm (GA)
is applied to compute the dispatched obtaining quantity. The next
section of this paper is the statement of the HSCM problem. Section
3 uses GA to solve this problem and analyze the result of the com-
putation. Section 4 presents the summary of the findings and
contributions.

2. Statement of the HSCM problem

The HSCM’s scheme is grounded on three hospitals in central
Taiwan as a strategic alliance for a centralized purchasing center
(CPC). Most medicines have patent right limitations and drug ma-
ker monopolies, making the prices higher. Through the CPC, each
hospital can obtain a discount advantage in total ordering quan-
tity; thus, the CPC will play a role in the competitive advantage
of reducing these hospitals’ total cost. However, the most difficult
problem in a centralized purchasing is the distribution problem
(Spekman, Kmamuff, & Myhr, 1998), that is, dispatching the appro-
priate quantity of the total obtaining quantity to each hospital. The
situation on the different quantities dispatched to each hospital
can affect patient safety and the total cost of these hospitals. By
obtaining more quantities, patient safety will improve because of
the decrease in inventory shortage probability. However, the
inventory will increase the total cost; thus, patient safety and total
cost will show the effect of the trade-off. To solve the effect of the
trade-off in the hospital, most decision makers consider the level of
patient safety first and then minimize the total cost because most
hospitals in Taiwan belong to non-profit organizations.

To solve the problem of a dynamic HSCM, this paper used the
simulation method and GA to obtain the optimal dispatched quan-
tity for each hospital. By using the simulation method, the setting
of the parameters for a dynamic HSCM will be further understood.
This paper assumes that the demand random variable Dlt(uncertain
demand in each period t for hospital l) is the Normal probability
distribution Nðll;r2

l Þ, in which ll is the mean units
month

� �
and r2

l is

the variance units2

month2

� �
. Due to each hospital’s demand random vari-

able being independent of each other, the CPC collects the total de-
mand from the three hospitals to form the random variable of the

total ordering quantity, which aggregate the three hospitals’ Nor-

mal probability distribution N
P3

l¼1ll;
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP3

l¼1r2
l

q� �
. After aggregat-

ing the ordering quantity, the CPC will compute the dispatched
obtaining quantity to each hospital, and then the information will
be transmitted to the pharmaceutical company. The strategy of
dispatching the obtaining quantity for each hospital adopted here
is a lot-for-lot strategy. The pharmaceutical company then trans-
ports the dispatched obtaining quantity to each hospital. In addi-
tion, the transportation capacity is limited to the vehicle capacity
of the transportation cost.

Based on the HSCM, the model for the established simulation is
as follows:

The TSC of the HSCM is expressed as Eq. (1) including purchas-
ing cost, inventory cost, ordering cost, and transportation cost.

TSC ¼
Xn

l¼1

XT

t¼1

PQlt þ
Xn

l¼1

XT

t¼1

IltP � hl þ
XT

t¼1

K þ
Xn

l¼1

XT

t¼1

Qtl

Nl

	 

ql ð1Þ

where P is the unit cost, Qlt is the dispatched obtaining quantity for
hospital l in period t, Ilt, is the inventory level for hospital l in period
t, hl is the rate of unit cost in the holding cost for hospital l, K is the
ordering cost of CPC for each ordering, Nl is the transportation

capacity for each vehicle for hospital l, Qlt
Nl

l m
, is computed by ceiling

function and ql is the transportation cost for each vehicle for hospi-
tal l.

In addition, TSC is considered based on the level of patient
safety. The prevention of medicine shortage is an important factor
in analyzing the patient safety for HSCM based on the HSCM ex-
plored in material flow (Dimick et al., 2005; Menachemi & Brooks,
2006; Rogers et al., 2007; Schmidt, 2003). Service level (S.L) is a
feasible index to measure the shortage level of medicine. There-
fore, in this paper, S.L is the index of patient safety level. S.L is de-

fined as
PT

t¼1
Q ltPT

t¼1
Dlt

for each hospital l. Furthermore, to understand the

variation of situation in TSC, which is subjected to S.L, Eq. (2) is
used to show the range of S.L.

rl 6 S:L 6 1; for l ¼ 1;2; . . . ;n ð2Þ

where rl is the lower bound of S.L for hospital l, Dlt is the demand for
hospital l in period t.

Eq. (3) shows the dispatched obtaining quantity which is sub-
ject to the total ordering quantity

Xn

l¼1

Q lt 6 Q t; for t ¼ 1;2; . . . ; T ð3Þ

where Qt is the random variable of the total ordering quantity in
period t, Finally, the inventory level and shortage level are defined
in Eq. (4)

Ilðt�1Þ þ Q lt � Dlt ¼ Ilt � Slt; for l ¼ 1;2; . . . ;n; t ¼ 1;2; . . . ; T ð4Þ

where Ilt is the inventory level for hospital l in period t, Slt is the
shortage level for hospital l in period t.

From the above Eqs. (1)–(4), we can obtain the decision variable
as Qlt. The other variables are set in Table 1. GA is used to obtain the
solution for the dispatched quantity Qlt.

Table 1
The values of the variables in the GA procedure.

D1t = N(1000, 2102) P = 300 h2 = 0.05 q3 = 10
D2t = N(600, 702) N = 500 h3 = 0.03 r1 = 0.8
Dt3 = N(500, 832) K = 1000 q1 = 12 r2 = 0.8
Qt = N(2100, 236.412) h1 = 0.08 q2 = 9.5 r3 = 0.8
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