
A Dynamic Resource Allocation Approach for Concurrent
Emergency Events in Metropolitan Regions

(Extended Abstract)
Jihang Zhang, Minjie Zhang, Fenghui Ren
School of Computing and Information Technology

University of Wollongong
NSW, Australia

jz718@uowmail.edu.au, {minjie, fren}@uow.edu.au

ABSTRACT
The rescue operations for emergency events usually require
multiple emergency departments to cooperate with each other
to provide effective and efficient resource allocation plans
within a short time limit and dynamically adjust the plans
as necessary. In the paper, an agent-based resource alloca-
tion approach is proposed to automatically allocate rescue
resources to concurrent emergency events by the consider-
ation of dynamic changes in terms of event variation, task
variation and resource execution variation.
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1. INTRODUCTION
Emergency resource allocation refers to the creation of

plans to deploy and coordinate rescue resources to mitigate
the damage caused by emergency events [3, 11]. Usually,
an emergency event might require multiple rescue resources
with different functionalities, which can be organised into
a set of resource allocation tasks and handled by different
emergency departments or services [5]. In open environ-
ments such as metropolitan regions, small-scale emergency
events (i.e. urban fires, vehicle accidents) are normally hard
to be predicated in advance and they could occur randomly
at any possible location. The critical concerns when han-
dling the resource allocation for these events are the dynamic
features of emergency management [2, 6, 9, 10].

Generally, the dynamic features in emergency manage-
ment can be classified into three levels (see Figure 1). The
first level is the event variation, referring to that the occur-
rence of emergency events in metropolitan regions could be
dynamical and unpredictable. The second level is the task
variation, referring to that the total number of the resource
allocation tasks and the task requirements in an emergency
event could change dynamically as time passed. The third
level is the execution variation, referring to that the execu-
tion plan of a rescue resource could change dynamically due
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Figure 1: The Three Levels of Emergency Dynamic Fea-

tures

to problems such as resource contention. Based on the vari-
ations of events, tasks and executions, resource allocation
plans for emergency events must be adjusted timely, which
is a very challenging topic in both research and applica-
tions. Currently, most of resource management approaches
or systems can not provides comprehensive resource alloca-
tion mechanisms by taking the consideration of all the three
levels of dynamic features in emergency management, which
may lead to ineffective usage of resources and even the fail-
ure of rescue operations.

In this paper, an agent-based resource allocation approach
is proposed to allocate rescue resources to multiple emer-
gency events simultaneously, by efficiently adjusting the re-
source allocation plans based on the three levels of variations
that occur during the emergency rescue operations.

2. PROBLEM DESCRIPTION
In a metropolitan region, multiple emergency events E (i.e.

E is a set of events) could happen concurrently at different
locations. For each event e ∈ E, there could exist more than
one proposals with various resource combinations to fulfil
the event’s resource requirements. The main problem to be
solved in this paper is to search for an optimal proposal p∗

for each event e ∈ E to minimise the total resource allocation
cost. The objective function OA for the resource allocation
of all concurrent events in E is defined by Equation 1:

OA = arg min
P∗={p∗1 ,...,p∗x}

∑
ex∈E

CE(ex, p
∗
x) subject to p∗x.R ∈ Rg ,

(1)
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where Rg represents the available resources in environ-
ment G and CE is a cost function for calculating the re-
source allocation cost of a single event based on resource
money expenditure and resource allocation time.

As mentioned previously, the dynamic nature of emer-
gency management might introduce many unpredictable vari-
ations during the resource allocation process for events in E,
which could cause different resource allocation problems in
the three level variations.

There are two problems to consider in the level of event
variation: (1.1) how to handle a newly arrived event and
(1.2) how to deallocate resources for a cancelled event.

There are three problems to consider in the level of task
variation: (2.1) how to handle a newly arrived task of an
event; (2.2) how to deallocate resources for a cancelled task
of an event; and (2.3) how to address the situation when a
task’s deadline has changed.

There are two problems to consider in the level of exe-
cution variation: (3.1) how to handle a resource contention
problem, when a resource is requested by multiple tasks from
different events at the same time and (3.2) how to address
the situation when the estimated arrival time of a resource
r has changed due to issues such as traffic jam or resource
malfunction, which cause resource r can not catch its task’s
deadline on time.

3. THE PRINCIPLE OF AGENT-BASED DY-
NAMIC RESOURCE ALLOCATION

Figure 2: The Procedure of Resource Allocation for

Single Event

To generate resource allocation proposals that minimise
the total allocation cost of concurrent emergency events E,
the proposed approach assigns a group of agents for each
event e ∈ E to generate the optimal resource allocation pro-
posal p∗ by using the domain transportation theory [7], re-
spectively. The resource allocation process for a single event
involves one response agent, one deployment agent, multi-
ple facility agents and mobile agents, which is depicted by
Figure 2.

As described in previous section, during the process of

generating the optimal proposal for the each event e in E,
the event variation, task variation and execution variation
could cause different dynamic resource allocation problems,
which need to be handled by different dynamic resource al-
location mechanisms. In general, for newly arrived events
or tasks (i.e. Problems 1.1 and 2.1), their resource alloca-
tion can be handled by the single event resource allocation
mechanism (i.e. Figure 2). For canceled events or tasks (i.e.
Problems 1.2 and 2.2), deployment agents will inform rele-
vant facility and mobile agents to released their resources to
newly arrived events. For the problems of tasks’ deadlines
variation or resources arrival times variation (i.e. Problem
2.3 and 3.2), deployment agents will try to locate replace
resources as necessary to ensure the succeed of the tasks.
For resource contention problems between tasks (i.e Prob-
lem 3.1), a recursion algorithm will be used to dynamically
re-assignment resources to appropriate tasks to minimise the
total resource allocation cost.

4. EXPERIMENT

Figure 3: Agent-Based Emergency Resource Allocation

Simulator

In the experiments, an agent-based emergency resource
allocation simulator [13] based on GoogleMaps was imple-
mented as the testbed (see Figure 3), which provides real
world resources and environments information. The video
demo can be seen at [1].

Figure 4: The Experimental Results

In our experiments, the proposed approach was tested
along with other three agent-based emergency resource allo-
cation approaches [4, 8, 12] to deploy resources to 10 concur-
rent emergency events. The experimental results (see Figure
4) indicates that our approach outperformed the other three
test approaches in terms of the resource allocation cost and
task success ration due to the capability of providing appro-
priate dynamic resource allocation mechanisms to address
different problems caused by event variation, task variation
and execution variation.
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