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Abstract. Due to the increasing number of Dementia patients, the overall costs
for caregiving has grown by 32 % between 2002 and 2008. The efficient use of
smart decision support systems for managing ambulant care and mobile nursing
services that provide professional care for Dementia patients is an important
challenge to reduce cost and increase service quality. The optimal allocation of
caregiving resources from different mobile nursing service firms to a growing
number of Dementia patients, however, is a difficult problem in the healthcare
domain. We approach this problem from a multiagent systems perspective by
designing and implementing a distributed decision support system that utilizes
an auction-based protocol for allocating caregiving resources subject to
Dementia-specific service attributes. We demonstrate the usefulness of the
proposed protocol by an early stage prototype implementation presenting the
system’s proof-of-concept.

Keywords: Decision support � Multiagent systems � Auctions

1 Introduction

The increasing number of Dementia patients has caused the overall costs for caregiving to
grow by 32 % between 2002 and 2008. The World Alzheimer Report [1] unveils that in
year 2010, a total of US$ 239 Billion were spent for caregiving services in Dementia.
More than 80 % of all caregivers for Dementia patients state that they frequently expe-
rience high levels of stress and almost half report that they suffer from depression [2].

Agent-based software solutions offer a potential base for supporting both Dementia
patients and professional caregivers in a wide range of applications. For example, the
optimization of the visiting schedules and the provisioning of medical assistance for
Dementia patients in geriatric residences have been realized by designing decision
support systems by means of multiagent systems. These agents facilitate the caregivers’
and physicians’ work by providing updated information about patients and emergen-
cies, as well as historical data [3]. In addition, caregiving resources can be represented
by means of nursing care service models to design language extensions in high-level
decision support systems [4].

The optimal allocation of caregiving resources among a growing number of
Dementia patients is a difficult problem in the healthcare sector. Patients with differing
disease stages require caregiving services from professional caregivers at different
competency levels. More advanced stages of the Dementia disease, for example,
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demands family members to bear the full caregiving burden– often at the cost of their
own health condition. On the other hand, caregiving professionals employed by dif-
ferent mobile nursing service firms are subject to highly varying working environments
and scheduling conflicts. In addition, changing personnel of professional caregiving
network institutions require access to sensitive patient health data which often leads to
nonprofessional handling of health-related information subject to strict privacy. Hence,
multiple caregivers from different mobile nursing services offer their services to a range
of Dementia patients at varying disease stages, subject to heterogeneous service
attributes.

We address this problem by designing an agent-based decision support system that
implements an auction-based communication protocol for efficient caregiving resource
allocation subject to a set of Dementia-specific service attributes. Resource allocation is
a well-established field in multiagent systems research [5]. Hence, we propose a
software system in which each individual actor is represented by an intelligent software
agent that acts on behalf of its user (patient respectively caregiver). The emerging
multiagent system captures two distinct features. First, it respects privacy-aware
information sharing. Second, the allocation process is based on a double-sided auction
which achieves a socially optimal allocation of caregiving resources across multiple
patients and professional caregivers from different mobile nursing service firms.
A generic overview of the described setting is presented in Fig. 1.

This research is conducted in accordance to the design science paradigm [6]. The
objectives are to: (1) develop and implement an auction-based protocol for allocating
Dementia caregiving resources in multiagent systems (method artifact) and (2) evaluate
this artifact in a Dementia scenario with multiple patients and caregivers (scenario-based
evaluation). The contribution of this research is the design and the initial prototype
implementation of an agent-based decision support system for supporting the caregiving
allocation among Dementia patients and their caregivers.

Fig. 1. Agent-based decision support system for allocating caregiving resources.
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The remainder of this paper is structured as follows: In Sect. 2, we review the extant
literature related to our research. In Sect. 3, we present the multi-attribute double
auction protocol for allocating caregiving resources. In Sect. 4, we report the
scenario-based evaluation of the protocol within the initial prototype implementation.
Section 5 concludes the paper and gives an outlook of future work.

2 Literature Review

We discuss extant literature on decision support in eHealth and auction-based resource
allocation approaches and examine the allocation of caregiving resources from a
multiagent system perspective.

2.1 Decision Support in eHealth

The support of patients suffering from Dementia with the help of electronic devices has
been analyzed and developed since the emergence of modern IT. There is a lot of work
in literature that tries to support the family caregiver or directly the patient itself with
computer supported guidance. In one of the first approaches, Brennan et al. developed
the electronic support ComputerLink and showed in field experiment that the use of
computer decision support for home caregivers could reduce isolation and enhance
decision making skills [7, 8]. However, the individual intensity of system usage sig-
nificantly varied between different end-users. Also, the static implementation has been
replaced by the use of adaptive and intelligent systems in the healthcare section [23].
The multiagent systems paradigm suits well for designing improved decision support
systems that are able to represent the interest of each individual actor. Schuele et al.
present a method that enables end users represented by software agents to cooperate in
the decision making process still ensuring data security and privacy for the participants
[9]. A similar approach has been presented by Corchado et al. with the stronger focus
on the monitoring aspect. The “Alzheimer Multi-Agent System” enables nurses to
optimize and dynamically adapt the working time and guarantees that each patient
assigned to a nurse receives the right care [3]. However, multi-attribute patient-nurse
allocation with multiple participants is not considered. With an optimizing approach
from Operations Research, Lanzarone and Matta [10] study the problem of assigning
the right caregiver to each patient by an analytical approach to provide decision support
of healthcare management with a focus on hospitals. Aktas et al. presented a similar
approach [11]. From the perspective of one professional caregiving provider all
information relevant for the problem optimization is available. However, this precon-
dition is not available in scenarios with multiple parties that have conflicting interests
like on a market for caregiving resources.

While the previously discussed approaches support only the work of the family or
the professional caregiver, the correlation between both also has to be considered for an
optimal system performance. For instance, at more severe stages of the disease family
members have to be replaced by professional caregivers because the caregiving burden
exceeds the family caregiver’s capacity. This requires an efficient resource allocation
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that includes the interest of all parties involved. Couch et al. present a model that
involves time and money for the allocation of caregiving resources [12]. The authors
examined different household types with family caregivers and their response on the
circumstances of the dementia patient. The study shows that the response is strongly
influenced by economic considerations and states that future demand for professional
caregivers that may help family caregivers will increase. Bargaining approaches for
family caregivers’ resources in intergenerational household formations have been
examined by Pezzin and Schone [13]. The theoretical framework includes one single
elderly parent’s well-being as well as the daughter’s time used to serve in caregiving
and in labor market participation.

Bearing in mind the monetary aspects of Dementia worldwide, one may not lose
sight of the disease itself. In any case, high-priority tasks such as assistance at meals
must be performed and cannot be shifted or even ignored by any allocation process.
One method that copes with the issue of prioritizing tasks in home caring scenarios is
presented by Hirdes et al. The method for assigning priority levels (MAPLe) is used to
categorize the need for caregiving activities of a patient [14]. The priorities are set on a
discrete scale from “low” to “very high” and were evaluated in numerous countries.
MAPLe furnishes an algorithm to set the appropriate priorities and can be connected
with an agent-based approach to ensure data security and privacy issues. Together with
a resource allocation approach that involves additional factors like time, money, or
caregiving skills, the overall efficiency of the caregiving system is significantly
improved. Since one major problem of the task aligning family and professional
caregivers is the absence of a central instance that holds all necessary information, the
method needed has to deal with the distributed nature of this problem.

2.2 Auction-Based Approaches in Resource Allocation

There are few approaches available that incorporate the previously stated requirements.
One prevalent possibility that is commonly used in resource allocation problems is the
design of an auction. Auctions support the distributed nature of the problem with
various groups and participants following different goals and, thus, inherent different
utility functions. New mechanisms even support the coincident usage of multiple
attributes [15] and, hence, include multiple attributes such as time, money, priority and
caregiving skills.

In multiagent systems research, auctions have become a popular means to effi-
ciently allocate resources among software agents [5]. Auction-based approaches pro-
mise a significant increase in efficiency when allocating resources in agent-based
systems. Such agent-based decision support systems allow for increasing the efficiency
in the context of allocating caregiving resources to patients. Therefore, what is still
missing is an auction-based approach that uses multiagent technology to cope with the
efficient allocation of caregiving resources of multiple caregiver or caregiving facilities
to numerous patients. For this setup, double auctions have been proven to outperform
other mechanisms and are also well-suited for the use with a multiagent system rep-
resenting real world actors [16].
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Paulussen et al. take a game-theoretic perspective to analyze an intra-unit
scheduling problem in hospitals [20–22]. In their work, patients and hospital resources
(e.g., physicians, medical devices) are represented by self-interested software agents
who coordinate with each other to resolve each individual’s goal conflicts. Multiple
competing market participants on both sides of the market, however, are not considered
in their work.

3 Multi-attribute Double Auction Protocol

This section introduces the protocol used by the multiagent system for allocating
caregiving resources among participating agents. We start by laying out the overall
software architecture of the decision support system, followed by an analysis of the
Dementia-specific requirements to the allocation of caregiving resources. Then, we
present the formal model of the underlying double auction and describe the high-level
communication protocol of the multiagent system.

3.1 Software Architecture

The overall software architecture of the multiagent system implementation is presented
in Fig. 2. Dementia patients and caregiving professionals interact via individualized
portals accessible through an Internet browser or a mobile application. External
interfaces allow for communication and interaction with the actual multiagent sub-
system which constitutes the core of the prototype implementation. Within the multi-
agent subsystem, each actor (i.e., patients and caregivers) is represented as a software
agent in the proposed approach. These agents are able to perform autonomous actions
in order to pursue its individual objectives [17].

Fig. 2. Software architecture of the multiagent system implementation.
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The multiagent subsystem enables individual agents to communicate and negotiate
with each other through an agent communication language. A standard language for
agent communication is the Contract Net protocol which is a high-level protocol for
achieving efficient cooperation through task sharing in networks of communicating
problem solvers [17].

The proposed communication and interaction scheme consists of two distinct pha-
ses. In the first phase, the formation phase, patient agents and caregiving agents
exchange data that is necessary for the allocation process. Due to the high sensibility of
health-related patient data, the formation phase is characterized by distributed, privacy-
aware knowledge sharing among the agents. Schuele et al. have identified software
design considerations that enable shared decision making in patient-health professional
relationships within the scope of a decision support system in eHealth [9]. This concept
is applied to the current proposal to enable privacy-aware patient-caregiver interaction.

In the second phase, the allocation phase, the agents use the data exchanged in the
first phase to perform the actual caregiving resource allocation. The protocol imple-
mentation internalizes an auction-based allocation approach for the optimal distribution
of caregiving resources among the agents. Optimality in this mechanism design
approach refers to maximizing the utilitarian social welfare, which is a common per-
formance measure in multiagent resource allocation [5]. Due to the double-sided nature
of the problem (patients and caregivers), the concept of a double auction [18] is applied
to guarantee the best possible outcome of the resource allocation. In a double auction,
both sides of the market submit bids to an auctioneer which then dictates the optimal
allocation of caregiving resources and determines the appropriate market-clearing
price.

The multiagent subsystem exposes interfaces to the data integration engine. The
data integration engine is a semantic-based knowledge management system that inte-
grates heterogeneous knowledge sources and provides access to these sources through
semantic reasoning processes. For example, this component is capable of representing
knowledge contained in a personal health record of a patient. Similarly, a professional
caregiver’s availability calendar can be accessed via the data integration engine.

In the following, we focus on the domain-specific requirements of the allocation
phase within the multiagent subsystem implementation.

3.2 Dementia-Specific Requirements

Caregiving resources and services require specific attributes that must be considered to
meet the needs in the Dementia scenario. These requirements are listed in the
following.

Caregiving Service and Required Time. The care for Dementia patients can be
divided into individual services. Each service requires a specified time to be completed
by the caregiving professional. Table 1 gives an overview of selected services with the
average time required for completion of the task.
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Service Quality. A patient must be able to specify a particular service quality when
requesting for a caregiving service. Examples of quality attributes include the com-
petency level of caregiving professional as well as the popularity level of caregiving
professional that is implemented by a rating system. In the following, we focus on the
competency level of caregiving professionals.

Patient Day Care. The daily routine of a Dementia patient is divided into five time
slots in which caring tasks should be completed. Each time slot has a duration of two
hours for a task to be completed. Tasks can be shorter than two hours, but cannot
exceed it. Figure 3 illustrates the individual time slots of the daily routine of a
Dementia patient (left hand side) and an example setting for possible caregiving ser-
vices during these time slots (right hand side).

Table 1. Caregiving services (tasks) and required time for patient care.

Fig. 3. Time slots of a patient day routine (left hand side) and an example setting for possible
caregiving services during these time slots (right hand side).
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Caregiving Availability. Different professional caregivers from mobile nursing ser-
vices are typically available at different times for different durations. Within the five
time slots described above, caregivers may specify several durations in which they are
available. An example of a caregiver’s availability is illustrated in Fig. 4.

Priority Services. A service which is requested by a patient receives a priority attri-
bute. For example, the services “assistance at meals” and “complete personal hygiene”
receive a high priority, while “activation (walking etc.)” obtains a lower priority. In this
way the services can be provided depending on the priority.

Valuation of Patients and Cost of Caregivers. When specifying its demand, the
patient agent expresses its valuation for the requested service. Similarly, the caregiving
professional agent specifies its cost to provide the requested service to a patient agent.
Valuation and cost can be seen as bids in an auction and are represented by monetary
units. The underlying auction mechanism is then responsible for finding the best match
between patient and caregiving professional.

3.3 Auction Model

The agents’ participation in the auction requires service requests and bids. Requests are
submitted by patient agents and include the requirements specified in the previous
section and must be considered in the underlying allocation process. Requests of
patient agents and offers by caregivers are assumed to be standardized so that they can
be matched together. In this work it is assumed that the number of requests and offers is
large enough to ensure appropriate matches. For instance, caregiving networks such as
the German organization “Pflegenetz Heilbronn” [19] manage an increasing number of
patients and caregivers (e.g., individuals and caregiving institutions). Such organiza-
tions guarantee that the market on both sides is large enough.

Request. Let i denote the index of a patient. Then each patient agent’s request is given
by the tuple

Fig. 4. Time slots of a caregiver’s availability requirements during a full day.
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Ri ¼ ðr1; r2; . . .; rkÞ; ð1Þ

where each individual request rk for k 2 1; . . .;Kf g is given by

rk ¼ s; q; t; p; vð Þ: ð2Þ

In the tuple rk, the quantity s denotes the required service including the average time
required to fulfill the task, q is the requested service quality (i.e., the requested com-
petency level), t is the time slot in which the service is needed, p is the priority of the
service, and v is the valuation the patient agent assigns to the requested service. In this
notation, parameter s contains the service description as well as the average time
needed to complete the service (see Table 1). The valuation of a patient may corre-
spond to a certain caregiving level assigned by the patient’s health insurance.
Depending on a patient’s health condition, an insurance will be willing to reimburse a
certain amount of money for a caregiving service. Hence, the valuation of a patient may
depend on the severity of her health condition. An example request of patient agent
i = 1 may be

r1 ¼ “dentalhygiene”; “medium”; “earlymorning”; “high” “20”ð Þ; ð3Þ

r2 ¼ “roomcleaning”; “medium”; “latemorning”; “low”; “15”ð Þ ð4Þ

R1 ¼ r1; r2ð Þ; ð5Þ

Patient agent i = 1 therefore requests for two services in two different time slots. First,
the service “dental hygiene” at service quality “medium” within the predefined time
slot “early morning” at a high priority. The valuation the patient agent assigns to this
multi-attribute service request in this example is given by the monetary unit “20”.
Second, the patient agent requests for the service “room cleaning” with similar attri-
butes. In this way, patients have the ability to plan out a full caregiving day routine.

Offer. Let j denote the index of a caregiver agent in the system. Each caregiving
agent’s offer is given by the tuple

Oj ¼ o1; o2; . . .; oLð Þ; ð6Þ

where each individual offer ol for l 2 1; . . .; Lf g is given by

ol ¼ q; t; d; cð Þ ð7Þ

In the tuple ol, the quantity q denotes the service quality (i.e., the competency level),
t is the time slot in which the caregiver is available for d minutes (the duration for
which the caregiver is available in this particular time slot), and c is the cost accruing to
the caregiver agent for completing the requested service. An example offer may be

Agent-Based Decision Support for Allocating Caregiving Resources 241



o1 ¼ “medium”; “early morning”; “15minutes”; “18”ð Þ ð8Þ

o2 ¼ “high”; “late morning”; “10minutes”; “20”ð Þ ð9Þ

O1 ¼ ðo1; o2Þ: ð10Þ

Caregiving agent j = 1 therefore offers two distinct availability bids to provide any
service (notice that a caregiver is not bound to a specific service). First, the caregiver is
available within the predefined time slot “early morning” for a duration of 15 min
within this time slot. The cost accruing to the caregiving agent to provide this
multi-attribute service is given by the monetary unit “18”. Similar attributes are given
for the second offer. Collusion formation among caregiving agents is out of scope in
this work.

Auctioneer. Let the number of patient agents in the system be I 2 N and the number
of caregiving agents be J 2 N. The auctioneer agent collects all patient requests
R1;R2; . . .;RIf g and caregiver offers O1;O2; . . .;OIf g from all agents, sorts these bids

into time slot and duration categories, and determines the optimal allocation of care-
giving resources to patients by considering the required attributes. For calculating the
optimal allocation within one category, the auctioneer agent employs the concept of a
double auction. This process is described in the following section in detail.

3.4 Auction Protocol

The auction protocol for allocation caregiving resources among the agents involves two
phases. In the first phase, the auctioneer agent sorts all received requests and offers into
appropriate categories for one whole day. Tasks of high priority are assigned imme-
diately before the actual action begins in order to ensure that these tasks are always
executed. Further, a category contains services of the same quality as well as the same
time slot and duration. In the second phase, the auctioneer performs a double auction
within each category and determines the optimal match between caregiver and patient
for that day. The auction protocol comprises the following steps:

• All patient agents submit their requests R1;R2; . . .;RIf g to the auctioneer agent,
each of which specifies a full day routine of necessary services.

• All caregiving agents submit their offers O1;O2; . . .;OIf g to the auctioneer agent,
each of which specifies a full day routine of offered services.

• The auctioneer agent sorts all requests and offers by matching the specified attri-
butes together. In particular, requested time slots by patients are matched to the
offered time slots by caregivers for one whole caregiving day. At this point all
requests and offers are sorted into distinct categories.

• For each category, the auctioneer agent performs a double auction by taking the
valuations and costs into account. In particular, the double auction performs the
following. Given a total of n requests with valuations v1; v2; . . .; vIf g within a
category, sort the valuations in descending order such that
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v1 � v2 � . . .� vn ð11Þ

Further, given a total number of m offers with costs c1; c2; . . .; cmf g within a
category, sort these costs in ascending order such that

c1 � c2 � . . .� cm: ð12Þ

Next, the auctioneer ranks both sequences against each other and matches the highest
valuation with the lowest cost, the second highest valuation with the second lowest
cost, and so on, as long as the valuation is strictly greater than the cost. The remaining
services that cannot be matched in the current round of the auction are postponed to the
next round if their assigned priority is low. High priority tasks will always be executed
and are not subject to the postponing process. Then, the auctioneer determines the
market-clearing price for each category via

price ¼ vk þ ck
2

; ð13Þ

where k is the largest index such that vk � ck . This market-clearing price is calculated
once per category. For subsequent categories a new price is determined which is
independent of the price of the previous category.

• The protocol is repeated until one full day for each patient’s care is allocated.

Hence, this communication protocol captures three distinct features. In a first step,
matching time slots and matching service durations are grouped together. In the second
step, within each group a double auction is performed and caregiving resources are
allocated to patients. In the final step, all remaining requests and offers are moved to the
next protocol iteration to be considered in the subsequent double auction for the next
day. Therefore, this iterated protocol allocates all caregiving resources for the current
full day and moves the unmatched service requests and offers to the next day. In this
way, no service request is ignored and high priority tasks are completed immediately.

4 Evaluation

We present a scenario-based evaluation [6] that applies the auction-based caregiving
resources approach within the scope of a software prototype implementation. Apart
from an initial proof-of-concept, we provide an early version of the implementation.
We first describe the scenario setup and then discuss the findings.

4.1 Description

The scenario includes a set of Dementia patients who request for caregiving services
from a set of caregivers. Through the respective portals, both patients and caregivers
submit their bids to the auctioneer. Figure 5 illustrates an example for an auction
market with two caregivers and two patients, each bidding their offers respectively
requests to the auctioneer.
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As specified by the interaction protocol of the multiagent system, all bids are sorted
with respect to the submitted attributes. For example, all bids for resources requested
for the “late morning” shift including the appropriate duration for service completion
are grouped together. Second, the concept of a double auction is applied to allocate the
caregiving resources in an optimal way.

The agent-based prototype implementation exposes a set of graphical user inter-
faces (GUI) that can be used by the individual portals of the system. Once a patient
agent submitted all bids requesting for caregiving resources for a full-day routine, these
bids are visible via the GUI of the patient portal as shown in Fig. 6. Notice that the
column “Caregiver” is empty in this stage as the auction has not been launched yet.
Therefore, the status of the allocation is set to PROPOSED in the “Status” column of
the submitted bid list. The column “Bid/Price” contains the submitted valuation of the
patient agent to receive the respective service. Once the allocation protocol terminates,
this column contains the calculated market-clearing price which the patient agents pays
the allocated caregiver for service provisioning.

Similarly, a caregiver agent submits its bids for a full day specifying the availability
of the caregiving professional. The bids submitted by a caregiving professional are
collected and displayed via the GUI of the caregiving portal as shown in Fig. 7. Here,
the column “Patient” is empty because no resource has been allocated at this point in
time. Similar to above, the “Status” column is set to PROPOSED. Again, the column
“Bid/Price” contains the submitted costs that accrue to the caregiving agent to provide

Fig. 5. An auction market with two caregivers and two patients.

Fig. 6. GUI of patient portal displaying the submitted bids.
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a service. Upon termination of the auction, this column contains the calculated
market-clearing price which the caregiving agents receives from the patient receiving
the service.

Once all bids are submitted by all patients and caregivers, the auctioneer agent
collects all these bids and starts the auction. The GUI of the auctioneer is presented in
Fig. 8. The upper part of the GUI shows a list of caregiving offers that could not be
matched to any patient request on that particular day. Reasons for unmatched requests
and offers include too high costs of caregivers or low valuations of patients.

The lower part of the GUI is the result page of successful matches. It displays a list
of patient requests that has been moved to the next day. Since “room cleaning” has a
rather low priority, it is moved to the next day’s allocation process where it will be
auctioned off automatically.

Figure 9 shows the GUI of the auctioneer portal containing a list of all successful
allocations for the current day. In particular, it shows the market-clearing price that was
calculated by the double auction (“Price” column).

Fig. 7. GUI of caregiving portal displaying the submitted bids.

Fig. 8. GUI of auctioneer portal displaying the failed matches (above) and the patient requests
moved to the next day (below).
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4.2 Discussion

With the proposed approach we provide an agent-based prototype implementation that
enables caregiving resource allocation in a shared patient-caregiver context considering
multiple Dementia-specific service attributes. The usability of the system is a very
important issue in order to not fail because of low technology acceptance of the users.
The multiagent system paradigm enables users to delegate their individual objectives to
an autonomous software agent while preserving privacy-related requirements with
regards to sensitive patient health data.

We aim to achieve the following benefits for the different participants. Caregivers
of Dementia patients are often family members of that patient undergoing severe
caregiving burdens depending on the stage of the disease. Hence, our approach pro-
vides an IT-based decision support system providing individual support for handling
the patient’s care. Family caregivers can specify the individualized needs of the
Dementia patient via an easy-to-use portal and thus obtain customized support from
professional caregivers working for mobile nursing services. Due to the high compe-
tition involving many patients and caregivers, the auction-based allocation process
guarantees an affordable market price for the caregiving service. Therefore, the pro-
posed software system can finally reduce the caregivers’ burdens and improve their
quality of life. At the same time, costs can be managed more efficiently allowing for a
more flexible caregiving service model.

Professional caregivers have the opportunity to plan their caregiving day routine in
a more efficient way. Mobile nursing services can submit service offers that cover all
times of the day and consider the specific competency levels of their employees. The
underlying auction-based allocation process allows for a more flexible payment scheme
that can be applied to the employees of the nursing service. At the same time, the daily
time management of professional caregiving personnel can be improved by allowing
for a flexible bidding language incorporating multiple service attributes. Hence, the full
time and service schedule of multiple competing mobile services is determined by a
double auction process that guarantees optimal caregiving allocations as well as market
usual prices.

The allocation outcome achieved by a double auction has a number of desirable
economic properties [18] which are listed briefly in the following. First, the resulting
allocation maximizes the social welfare. Second, all agents are sure to be better off in
terms of utility after they participated in the auction. Third, no third party must sub-
sidize the auctioneer, i.e., the auction is able to finance itself. At last, for a growing
number of agents, the allocation process is incentive compatible for all participating
agents.

Fig. 9. GUI of auctioneer portal displaying the results of the successful resource allocation.
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5 Conclusion

This work presents an agent-based decision support system for modelling caregiving
resource allocation in a Dementia scenario and proposes a communication protocol that
implements a double auction considering multiple attributes specific to the Dementia use
case. Patients and professional caregivers are represented as software agents that
autonomously negotiate service provisioning based on a set of different Dementia-
related service attributes. We evaluate this protocol in a scenario-based evaluation in
which multiple patients and caregivers submit bids to the auctioneer agent. Within the
scope of the evaluation, we present an initial prototype implementation of the proposed
multiagent system that exposes a set of graphical user interfaces for each actor. The
current protocol implementation is limited to two specific agent types, namely patient
agents and caregiving agents. Furthermore, collusion formation among caregiving
agents is not considered in this work. The formation of cartels or bidding rings among
the agents potentially entails severe efficiency losses in terms of the auction’s economic
properties [24]. However, the protocol developed by [25] as a special case of general
collusion in double auctions maintains a set of these crucial properties even if bidders
can submit false-name bids. In our future work, we plan to extend the current decision
support system to include further types of agents such as physician agents and facility
agents, each of which having their domain-specific service attributes.
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