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Abstract. This paper presents an innovative approach to support the definition
of strategies for the design of alternative configurations of hospital supply
chains. This approach was developed around a hybrid Tabu Search / Variable
Neighbourhood Search metaheuristic, that uses several neighbourhood
structures. The flexibility of the procedure allows its application to supply
chains with different topologies and atypical cost characteristics. A
preliminary computational experience shows the approach potential in solving
large scale supply chain configuration problems. The future incorporation of
this approach in a broader Decision Support System (DSS) will provide a tool
that can significantly contribute to an increase of healthcare supply chains
efficiency and encourage the establishment of collaborative partnerships
between their members.

Keywords: supply chain configuration, health care, hospitals, metaheuristics,
Tabu Search, VNS

1 Introduction

In the last decades, we have seen a significant and persistent increase in the effort
represented by healthcare expenditures in many countries’ economies. Probably as a
consequence of this trend, many researchers (e.g., [1]) and consultants (e.g., [2])
have been claiming that Supply Chain Management (SCM) principles should be
applied to the healthcare industry, as a way to simultaneously achieve a considerable
cost reduction and an improved service quality (for example, through increased
service and materials availability and medical errors reduction). There were also
many attempts to enhance the healthcare supply chain through cooperation among
their members.

De Vries et al. [3] consider that a hospital can be seen as a durable (according to the
classification proposed by [4]) virtual organization (VO), because: a) although the
patients/clients have the perception that the service is provided by a single
organization, there are many organizations (i.e., services/wards/specialties) that
operate with a high level of autonomy; b) there is some degree of separation
between the strategic decision level (where policies and investments are defined in a
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centralized way) and the operational decision level (where there is almost complete
freedom on how to organize operations); c) it is easy to add a new specialty to the
hospital or to close an existing one; d) there is (or it could/should exist) information
sharing in the operational chain and between the operational and the strategic levels.
This perspective is in accordance with the VO definition proposed by Norman et al.
[5]: “VOs are composed of a number of semi-independent autonomous entities
(representing different individuals, departments and organizations) each of which
has a range of problem solving capabilities and resources at their disposal, ... that
co-exist and sometimes compete with one another...”

In a similar way, the whole (internal and external) hospital supply network,
including producers, distributors, and some neighbour hospitals, can also be viewed
as a VO, whose nature will be more temporary than if only the internal chain is
considered.

The work presented in this paper intends to contribute to the improvement of the
logistic organization of healthcare services, through the development of an approach
to support the formulation and implementation of their supply chain configuration
strategies, with positive impacts on costs, on service quality and on the time and the
place available to perform healthcare provision (to be gained by enhanced logistic
activities). This approach was developed around a hybrid Tabu Search / Variable
Neighbourhood Search metaheuristic that uses several neighbourhood structures.

The remainder of the paper is organized as follows. In Section 2 we emphasize
the complexity of the healthcare supply chain and describe the most common
cooperation experiences between its members, in Section 3 the developed approach
is described, in Section 4 an illustrative example is presented, and finally in Section
5 we present some conclusions.

2 The healthcare supply chain

2.1 Complexity

The healthcare supply chain is particularly complex when compared with those of
other industries. The main reasons for this complexity are:

e it provides a great variety of services and products;

e it fulfils the needs of multiple and different internal and external clients - the
patients [6], the hospitals and primary care centres, which are the final
institutional clients [7], the persons in charge of material orders and supplier
choice (these may be physicians, pharmacists, managers, etc.) [7], the
professionals that treat the patients [6], and the payers of the healthcare
service (in the case of a public provider, the State i.e., the tax payers) [6];

e it is highly dependent on the role physicians play in its management, as they
perform the diagnosis and decide treatment paths, evaluate the demand of
goods/services required by each patient, influence the length of time that each
patient spends in the hospital (and this impacts the consumption of
materials/services), and develop long run relationships with suppliers and
preferences on specific materials and products, reflecting for example their
education in specific medical schools [6];
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it involves very large costs, particularly concerning medical-surgical supplies
and pharmaceuticals;

it must assure a high service level, as the occurrence of stock-outs can
damage the healthcare system image or, in extreme situations, threaten the
patients’ life;

it is highly conditioned by existing legislation (e.g. reimbursement systems);
it is managed through a complex line of command based on a sensitive
balance of power relationships among diverse highly trained professional
groups (managers, physicians, nurses, pharmacists, etc.) that work at
autonomous units [3];

besides the management of the flows and inventories of materials, it involves
issues related to the availability of the appropriate facilities, equipments and
human resources at the right time and place, and to the flows of people
(personnel, patients and visitors) at the services and when providing
domiciliary care.

Burns [7] emphasizes that hospitals and their (internal and external) supply
networks are responsible for much of this complexity.

2.1 Cooperation in the healthcare supply chain

The development of ICT has supported the creation of diversified cooperation
experiences in the healthcare supply chain:

group purchasing organizations — GPO (see [8-10]);
resource sharing/pooling among neighbour healthcare providers (e.g., [11,

12]);

outsourcing of product delivery in small quantities (enough to satisfy the
consumption needs of a couple of days) directly to the wards and bypassing
hospital store rooms, the so-called stockless system - see a description of the
system in DeScioli [13]; Rivard-Royer et al. [14] analyze the implementation
of a hybrid stockless system in the urology unit of one hospital; Nicholson et
al. [15] compare analytically the stockless system with a traditional 3-echelon
distribution scheme;

Vendor Managed Inventory (VMI) systems - see a description of VMI in
DeScioli [13]; Tsui et al. [16] evaluate the implementation of a VMI system
on the pharmacy services of an Australian teaching hospital; Danese [17]
studies a VMI implementation in the downstream and upstream supply
network coordinated by GlaxoSmithKline to co-ordinate material and
information flows among different suppliers, manufacturing and distribution
plants;

e-commerce and/or e-communication (namely, in the area of telemedicine)
platforms - More and McGrath [18] evaluate the Australian healthcare
industry e-communication project; Breen and Crawford [19] analyze the role
of e-commerce in the acquisition of pharmaceutical products; Zheng et al.
[20] analyze the links between e-adoption and the supply chain strategy;
Korner et al. [21] present a successful case of a strategic partnership between
169 health academic institutions in the USA, whose collaboration involves
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internet-based knowledge, information and reporting tools management and
sharing;

* many vertical and/or horizontal concentration experiences (see [22]), that
were not directly motivated by logistical reasons but that necessarily impact
supply chain management;

* integration initiatives at the care service level, often known as integrated
care, concerning all patients or, more frequently, groups of patients with
specific needs (e.g. elderly people or patients with chronic diseases like
diabetes or AIDS) that require a set of differentiated care (consultations,
domiciliary care, inpatient treatments, counseling, physiotherapy, etc.),
provided by different entities, that were motivated by patient characteristics
but that influence supply chain management - Kodner e Spreeuwenberg [23]
clarify that the expression integrated care is used in relation to a group of
distinct situations, and discuss the practical applications and the
consequences of this type of integration.

Although the USA have been considered as pioneers in the implementation of
most of these cooperation experiences, a survey performed by Aptel e Pourjalali
[24] suggests that supply chain managers at Californian hospitals feel that the
existent cooperation is still insufficient and that there is a need to reinforce
partnerships with suppliers and other care providers.

Some obstacles to the total success of many of these cooperation experiences are
related to communication, leadership or conflicting interests conciliation difficulties
(see e.g., [18, 25]), or with suspicions about the fair distribution of costs and
benefits of the collaboration processes (see e.g., [11]).

As the financial impact of the reversion of an unsuccessful cooperation process
may outcome the initial costs of that process implementation [25], and the
knowledge about the supply chain and about the consequences of the actions
undertaken upon it may improve the willingness to think and discuss alternative
actions to develop cooperation among supply chain members (see e.g., [26]), it is
important to prepare potential cooperation processes by analyzing and negotiating
possible forms of collaboration and their consequences to the group and to also to
individual participants.

3 Developed approach

3.1 The model

Our model was inspired by the Ahuja et al. [27] formulation of the multi-stage,
multi-level, multi-product production-distribution system planning problem, which
is based on a representation of the problem through Graph Theory. The multi-period
dimension of the problem is incorporated in the model through the replication of the
supply chain with “inventory edges” connecting storage areas in subsequent periods.
Fig. 1 illustrates the application of this modeling logic to the planning of a very
simple supply chain (two producers P; and P,, one intermediary I;, and two hospitals
H; and H,, with two points of care units Uj; each) during 3 periods.
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Period 1 Period 2 Period 3

Fig. 1. llustration of the model

The model structure, in terms of constraints and costs considered, incorporates the
information collected through several interviews with managers responsible for the
hospital supply departments. Therefore, the model considers fixed administrative
costs for establishing commercial relationships between a supplier and a customer
(e.g., costs of negotiation and contracts), fixed transportation costs, variable
transportation costs, acquisition costs, including intermediary margins; and
inventory carrying costs.

Due to the nature of the acquisition costs and inventory carrying costs considered,
the model formulation cannot be based on the structure that is frequently found in
the literature (some examples can be found in [28]), that associates the decision
variables to the quantities that flow through the network edges. Therefore, as any
item flowing through a specific edge, can have different costs, depending on the
supply path followed to get to that point, we developed a formulation that associates
the quantities supplied to the supply paths that have been used. Difficulties with
supply capacity can occur episodically while the warehouse storage constraints are
assumed to be constant along the whole planning horizon.

Table 1 presents the “verbal” formulation for the problem, assuming that all relevant
data (costs, capacities, and other parameters) have been collected using appropriate
estimation / forecasting methods and company-specific business analysis.
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Table 1. “Verbal” formulation of the model

Decision variables
Quantities leaving entity i at period p, and arriving at entity j at period t
(at supply edges: j #1, t =p; at inventory edges: j=i,t=p+ 1)
Objective function
Minimize Total cost = Acquisition cost +
+ Transportation cost +
+ Administrative cost +
+ Inventory carrying cost

Constraints
Demand satisfaction (no stock-outs allowed)
Flow conservation at the nodes (Supply-Chain members)
Storage capacity (at hospital Distribution Center (DC) and point of care units)
aggregating all items
Producers supply capacity affecting all potential buyers
Non-negativity and integrality of decision variables

3.2 Solving the model
General algorithmic strategy

The approach developed to solve the model consists in a hybrid algorithm based on
Tabu Search (TS), a very well-known and broadly used metaheuristic that was first
presented by Glover [29, 30], and VNS (Variable Neighborhood Search), developed
by Hansen and Mladenovic [31]. This algorithm combines the search scheme of a
Tabu Search, by incorporating a tabu list that forbids repetition of recent moves,
with the diversification of VNS, by changing the neighborhood structure when the
search seams unable to improve the current solution.

Initial solution

Feasibility was considered an important requirement of the initial solution, since the
restrictive characteristics of the problem may complicate the attainment of a feasible
solution during the search.

The adopted initial solution construction algorithm for the initial solution consists in
a randomly generation procedure.

Objective function

The objective function implemented has two components: the original objective
function of the problem (see Section 2.1) plus a function that penalizes unfeasibility.
This includes a parameter that adjusts the penalization to the scale of the costs
considered, and a dynamic parameter (updated every K iterations) that is multiplied
(divided) by 2 if the search stays in unfeasible (feasible) regions.
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Neighbourhood structures

Due to the specific characteristics of the costs considered in our model, where the
cost of sending a given quantity through one edge depends on the supply path that
quantity travelled before, we could not employ the most usual and simple moves,
such as insertion or swapping of elements. Therefore, we move to a neighbour
solution by swapping supply paths. During the search process we allow the
temporary occurrence of unfeasibility.

We developed 3 neighbourhood structures using (complete or partial) path
substitution:

* NSI1 selects the paths with minimum unit cost, ignoring the current solution
structure (i.e., the selection does not take into account the fact that other paths
of the current solution may use common edges of the path under analysis);

* NS2 selects the paths with minimum unit cost but considering the current
solution structure; and

* NSR (random neighbourhood structure) selects a new path by randomly
choosing the chain elements in a way that the capacity constraints are
satisfied.

The algorithm combines these three neighbourhood structures by running each of
them during a given number of iterations.

4 Illustrative example

Assume we would like to configure a health care supply chain with 2 producers, 1
GPO, 5 hospitals and 5 point of care units per hospital (165 network nodes) for 2
items, during 5 periods. All possible supply connections, including lateral
transshipments, are allowed. The point of care units were classified as units of high
demand or units of low demand according to a binomial distribution with p = 0,5.
Demand was simulated through a normal distribution: N(u=100, 6=20) or N(u=50,
6=20) for high or low units demand, respectively, and costs and constraints limits
were also randomly generated (Table 2). Additionally, we considered a discount
structure depending on the quantity ordered of the two items.

The developed algorithm was run 30 times for this test instance, and Table 3
summarizes the solution values obtained.

We have graphically represented one of the best solutions obtained in order to
allow an easy assessment on how reasonable these solutions are (see Fig. 2). This
solution is formed by 255 supply paths that denote a concentration of the
acquisitions of both items in one producer. This in accordance with our expectations
due to the existence of quantity discounts. Because of the existence of fixed costs,
there is a pattern in the supply and storage systems, that repeats itself along the 5
periods and for the 2 items.
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Table 2. Distributions used to generate data

producer—care unit

fixed producer—GPO GPO—care unit hospital—hospital
A . producer—hospital ~ hospital—hospital or care unit of other P 5P
administrative ! . Uniform [500,1000]
GPO —hospital hospital
cost Uniform[1000,1500] distribution identical to the one of the
hospital where the care unit belongs
producer—GPO producer—care u'mt hospital—care unit of the same
fixed ) GPO—care unit .
producer—hospital . . . hospital
. . hospital—hospital or care unit of other . .
transportation GPO —hospital hospital care unit —care unit of the
cost hospital— hospital PP o same hospital
Uniform [200, 500] dlstrlbutlon identical to lhe'one of the Uniform [10,20]
hospital where the care unit belongs
producer— GPO—care h(;;ftllzced;;:;re
variable producer—GPO hospital ducer—e it it hos "1‘ !
. GPO —hospital hospital—care producer—care unt vt rospia
transportation . . . Uniform [10,15] Uniform care unit —
hospital— hospital unit of other [5.15] . it of th
cost Uniform [1,10] hospital = care unit oj the
Uniform [5,10] same hospital
’ Uniform [5,15]
Quantity discount structure
I B;lAsechit Order quantity Discount
acquisition ""[”1106 I?O?Tm 10, LS1[ 0%
cost Item2: ’Unifoyrm [LS1, LS2[ quform [0%, 5%]
[50, 70] [LS2, LS3[ Uniform [5%, 10%]
[LS3, +oof Uniform [10%, 20%]
inventor;
. Y Uniform [1/1000,3/1000]
carrying cost
producer—care unit
. producer—GPO . .
commercial Uniform [-10%,-1%]  GPO—care unit GPO —hospital
. hospital—hospital or care unit hospital— hospital
margin of other hospital Uniform [2%,7%]
Uniform [5%,10%]
Note: LS1 = 25% of total demand/no. of periods

LS2 = 50% of total demand/no. of periods
LS3 =75% of total demand/no. of periods

Table 3. Analysis of the obtained solutions values (costs) (30 runs of the algorithm)

Minimum ! St. Median Srd. Maximum Average Star.lde.lrd Vangtl.on
quartile quartile deviation  coefficient
1.295.040 1.345.560 1.369.370 1.383.073 1.398.620 1.362.904 30.582 0,02244
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5 Conclusions

The model proposed in this paper was designed strongly based on several interviews
with managers responsible for the hospital supply departments. This model, along
with the described resolution procedures, can be effectively used to design and
evaluate alternative strategies for the configuration of hospital supply chains. Given
the combinatorial nature of the problem and the dimension of real life instances, we
have designed an approach based on metaheuristics. The flexibility of the developed
algorithms allows their application to supply chains with different topologies and
atypical cost characteristics.

Preliminary computational results show the potential of the developed approach
in solving large scale, diversified supply chain configuration problems. We believe
that the future incorporation of this approach in a broader Decision Support System
(DSS) will provide a tool that can significantly contribute to an increase of
healthcare supply chains efficiency and encourage the establishment of collaborative
partnerships between their members. It may, in fact, be used to simulate, discuss and
negotiate alternative supply chain coordination partnerships between neighbour
hospitals and other supply chain members, as it allows the evaluation of alternative
supply chain designs both in terms of the global network impact, and in terms of the
costs and benefits of each supply chain member. The next stage of our research will
be the application of these methodologies to real data obtained through case studies
based on real hospital supply chains.
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