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Abstract— A modeling language is a way to describe syntax, 

semantic, and constraints needed for creating models. 

Defining a Domain Specific Modeling Language (DSML) 

instead of suing a general-purpose one, increases the 

productivity of the developer as well as the quality of the 

resulted model. In this paper, we proposed a DSML for the 

Mitigation phase of Emergency Response Environments 

(EREs). We extended the TAO framework based on the 

TAO provided textual patterns. This paper also involves 

extending MAS-ML to support the modeling of EREs 

Mitigation phase. To evaluate this work, a case study is 

modeled with the proposed modeling language. Higher 

abstraction level, less effort, and faster development process 

are results of the proposed modeling language. 
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I.  INTRODUCTION  

According to the definition provided in [1] “Domain-
Specific Modeling Languages (DSMLs) are high-level 
languages specific to a particular application or set of 
tasks. They are closer to the problem domain and concepts 
than general-purpose programming languages. 
Improvements in productivity and comprehensibility are 
often cited as benefits.” In this paper, we focus on the 
Emergency Response Environments (EREs) as the 
problem domain. 

Throughout the history, unexpected events cause 
serious problems for human societies. People life loss and 
economic problems are some examples of disasters’ 
consequences. These disasters are including natural events 
such as flood, earthquake, tsunami, and man-made events 
such as terrorist attacks, to name a few. Among disasters 
that caused many financial and living damages, we can 
refer to the Bam earthquake in 2003 in Iran, the Azerbaijan 
earthquake in 2012 in Iran, and the earthquake and tsunami 
in Japan in 2011. They were only a small part of 
devastating events that have made emergency response 
environments to be defined as important problem domains. 
In such environments, it is necessary to deal with disasters 
and reduce the amount of damages, and to respond in the 
shortest possible time and as quick as possible. 

A disaster includes four phases: (1)  Mitigation:  The  
lessening  or  limitation  of  the  adverse  impacts  of 
hazards  and  related  disasters.  (2)  Preparedness:  The  

knowledge  and  capacities  developed  by governments,  
professional  response  and  recovery  organizations,  
communities  and  individuals  to effectively  anticipate,  
respond  to  and  recover  from  the  impacts  of  likely,  
imminent  or  current hazard  events  or  conditions.  (3)  
Response:  The provisions of emergency services and 
public assistance during or immediately after a disaster (4) 
Recovery: The restoration, and improvement where 
appropriate of facilities, livelihoods and living conditions 
of disaster-affected communities including efforts to 
reduce disaster risk factors [2] . “Disasters are increasingly 
involving the necessity to coordinate activities and 
responses by a much broader host of organizations 
involving the private sector, nonprofits and volunteer 
organizations” [3]. Due to the urgency in EREs, it is 
worthy to model and then simulate their behavior. Results 
of these simulations may be used to improve the operations 
and reactions during an emergency situation. 

However, in the modeling of EREs, using general-
purpose modeling languages such as UML (Unified 
Modeling Language) causes modeling process difficulty in 
abstraction level reduction, developing process slow down, 
and finally productivity reduction. Developers have to 
learn about the domain and so, development process speed 
will be decreased needing more effort. Using a DSML will 
resolve all the above issues. Moreover, the Metacase 
Company

1
 has claimed that one of the reported benefits of 

the use of DSML in software development is as follows: 

“Domain expertise shared with the whole development 
team. The usual problem within development teams is the 
lack of domain knowledge among the developers. It takes a 
long time for a new developer to learn enough to become 
productive. Even the more advanced developers need to 
consult with domain experts frequently.”  

Hence, in the DSML approach, the expert defines the 
domain concepts, rules, and mapping to code. Developers 
then make models with the concepts guided by the rules, 
and code is automatically generated. However, this paper 
aims to propose a modeling language for developing multi-
agent systems in emergency response environments. 

This paper presents an extension of MAS-ML (Multi-
Agent System Modeling Language) [4] and TAO (Taming 
Agents and Objects) [5] in order to support concepts 
related to EREs domains and focuses on the Mitigation 
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phase of these environments. Using DSML, simplifies 
EREs modeling, and developers do not need to have the 
specific information of EREs. Also, this DSML will be the 
first step for automatic code generation in the future. 

This paper is organized as follows: Section II provides 
general background information. Section III presents 
extending TAO, and Section IV presents extending MAS-
ML. In Section V is dedicated to the evaluation, and finally 
the conclusion is presented in Section VI. 

II. BACKGROUND 

A. Agent and Multi-Agent Systems (MAS ) 

EREs are used by organizations to assist in responding 
to an emergency situation. These systems are rarely used 
but when needed, should operate well and without fail [3]. 
EREs are complex environments that software agents can 
be used to model them. “An agent is an encapsulated 
computer system that is situated in some environment, and 
that is capable of flexible, autonomous action in that 
environment in order to meet its design objectives” [6]. 
Agents situated (embedded) in a particular environment—
they receive inputs related to the state of their environment 
through sensors and they act on the environment through 
effectors. Agents designed to fulfil a specific purpose. 
Autonomous agents need to be both reactive (timely 
respond to changes that occur in their environment) and 
proactive (adopt opportunistically new goals) [6]. 

A Multi-Agent System (MAS) is composed of a 
number of agents that interact together through 
interchange messages. Agents in a MAS act on behalf of 
users who have different objectives and motives. MASs 
are presented as a technology for solving complex 
problems in dynamic and distributed environments [7]. 
MASs are ideally suited to representing problems that have 
multiple problem solving methods, multiple perspectives 
and/or multiple problem solving entities. Such systems in 
addition to have the traditional advantages of distributed 
and concurrent problem solving, have the additional 
advantage of sophisticated patterns of interactions. These 
interactions are: cooperation, coordination, and 
negotiation.  Cooperation is working agents together 
towards a common aim; coordination is called organizing 
problem solving activities, and negotiation is an agreement 
which is acceptable to all the parties involved [8]. 

EREs include applications that are well modeled with 
MASs. In these systems, heterogeneous agents exist in an 
open and dynamic environment. These agents should deal 
with different events occurring in unpredictable intervals 
[9].  

B. TAO and MAS-ML 

TAO [5] is a conceptual framework based on agent and 
object abstraction whose goal is to provide the foundations 
for agent and object-based software engineering. TAO 
defines a set of metadata, i.e., entity instances and 
relationship instances that must appear on the metamodel 
layer level. The framework defines a total of six entities 
instances such as agents, roles and organizations and a 
total of eight relationships instances such as play, control 
and owner [5]. Fig. 1 shows the TAO framework. 

MAS-ML [4] is a multi-agent system modeling 

language that extends UML metamodel based on TAO. 

The main goal of MAS-ML is to address the particular 

characteristics of MAS that are not addressed in the UML 

and are not addressed in a satisfactory manner in the 

proposals available in the literature. MAS-ML describes 

the new metaclasses and stereotypes used to model MAS 

characteristics and includes four diagrams that extend the 

UML static and interaction diagrams [10]. 

C. Disaster Management Metamodel (DMM) 

DMM [11] is a metamodel to help resolution of the 
access complexity to DM knowledge. This is done through 
dividing all identified common concepts which exist  in  
many  DM  models  into  four  different  views  
(Mitigation,  Preparedness,  Response  and Recovery-
phase class of concepts). DMM  provides  a  set  of  
generic  concepts  useful  to  a  DM modelling language. 
The  metamodel based  Disaster  Management  Knowledge  
Repository  (DMKR)  as  a  system  prototype  
demonstrates  the  usefulness  of  DMM. Because first step 
for designing a modeling language is deriving the main 
concepts from the domain, we extend the MAS-ML based 
on the DMM`s concepts for the EREs. The following are 
some main concepts of DMM`s Mitigation phase [2]: 

Mitigation Plan: A document prepared by a person, 

department, organization, or enterprise that sets out goals 

and specific objectives to reduce disaster risks together 

with related actions to accomplish these objectives. 

Mitigation Organization: An organization of 

components and activities to reduce or limit the adverse 

impacts of hazards and related disasters. 

Mitigation Task: A task that needs to be accomplished 

by Mitigation team. 

Mitigation Goal: A description of the end state of 

recovery phase where the organization wants to be at the 

end of the activity, program, or other entity for which the 

goal was defined. 

People: Collections of human in local communities who 

are threaten to disaster. 

Property: A thing that is owned by a person or entity 

which are threatened to disaster. 

Lifeline: Public  facilities  and  systems  that  provide  

basic  life  support  services  such  as  water,  energy, 

sanitation, communications, and transportation which the 

well-being of the community depends. 

Natural Site: The part of elements at risk which are not 

man-made. 

Disaster Risk: A potential disaster loss, in lives, health 

status, livelihoods, assets, and services. Disaster risk could 

 
Figure 1. The TAO framework [5]. 



occur to a particular community or a society over some 

specified future time period. 

Strategic Planning Committee: An  interagency  group  

which  develops  a  systematic  process  of  using  

administrative  directives, organizations, and operational 

skills and capacities to implement strategies, policies, and 

improved coping capacities in order to reduce the adverse 

impacts of hazards and the possibility of disaster. 

Exposure: People,  property,  systems  or  other  elements  

present  in  hazard  zones  that  are  thereby  subject  to 

potential losses. 

III. EXTENDING TAO  

The extension of TAO is based on the Mitigation phase 
elements (see Section II). Thus, a new entity Disaster and 
two relationships, Threat and Reduce, are defined in TAO. 
Fig. 2 shows the extension of TAO; dashed line box and 
bold lines are the new concepts and relationships that are 
added to TAO. These are explained in the following. 

A. Disaster 

Disaster is a situation where serious disruption of the 
functioning of a community or a society occurs, involving 
widespread human, material, economic, or environmental 
losses and impacts, which exceeds the ability of the 
affected community or society to cope using its own 
resources [10].  A Disaster concept has its own state and 
relationships. The state of a Disaster stores exposures that 
damage by disaster. These exposures are People, Lifeline, 
Property, and Natural Site. The entities damaged by a 
disaster include: Agent, Environment, Organization, and 
Object that are defined in TAO. 

B. Relationships 

Additionally, we have added two relationships to 

TAO: 

 Threat: It specifies that Agent, Environment, 
Organization, and Object can be damaged by 
disaster. 

 Reduce: It specifies that an organization can 
reduce Damages caused by disasters by its plans, 
goals, actions and tasks. 

IV. EXTENDING MAS-ML 

According to [12], a metamodel is defined as follows: 
A metamodel is a model that is used to define a 

language. A language specification will have an abstract 
syntax model (ASM), a concrete syntax model (CSM), and 
a semantic domain model (SDM), each of which is a model 
used to define a language and therefore is a metamodel. 

The extension of MAS-ML to support the EREs 
concepts follows the above definition, as discussed in the 
following. 

A. Extending the Abstract Syntax  

Definition of a metamodel includes extraction of the 
concepts and creation of the new metaclasses and 
stereotypes. These steps are done based on the concepts of 
DMM`s Mitigation phase and considering the extension of 
TAO (see Sections II and III). Fig. 3 shows the extension 
of MAS-ML; white boxes are the existing metaclasses of 
UML, gray boxes are the MAS-ML metaclasses, dashed 
line boxes are the new metaclasses, and bold dashed line 
boxes are the new stereotypes that we have proposed. 

1) Disaster 
In TAO, we added the Disaster concept. So, based on 

this concept, the Disaster metaclass is required in the 
MAS-ML metamodel. This new metaclass is defined by 
extending the Classifier metaclass in UML and it 
associates with Features metaclass that includes Structural 
and Behaviors Features. Thus, it regulates the behavior of 
Agents, Organization, Sub organization, Object, and 
Environment. Disaster metaclass cannot be a stereotype of 
Agent metaclass, because states of this concept are 
different from the Agent’s states. They are defined in four 
states called hazard, vulnerability, risk, and properties.  
Moreover, we cannot consider Disaster class as a 
stereotype of metaclass Class because its states are 
different from the Class states and if we are in the third 
phase (Response phase), a disaster occurs in the real world. 
So, we face with an active element that is a contradiction 
with object. In fact, this abstraction is a concept that occurs 
by Agents, operation of class and Environment and this is 
the same definition of the Event concept in TAO, but TAO 
does not consider relationships of this abstraction with 
other concepts.  

2) Hazard, Vulnerability, and Risk 

A disaster can be Natural or Man-Made. So, for 

Disaster metaclass, two new data types have been added. 

They are <<Natural>> and <<Man-Made>>. In 

association with actions occurring during a disaster, new 

metaclass Disaster Action is added. This metaclass 

extends the existing metaclass called Behavioral Feature 
because Disaster Action metaclass shows the behavior of 

a disaster. A disaster includes hazard, vulnerability, and 

risk. The following definitions are the concepts that are 

defined in DMM [2]:  

Vulnerability: characteristics and circumstances of a 

community, system or asset that make it susceptible to the 

damaging effects of a hazard. 
Risk: A potential disaster loss, in lives, health status, 
livelihoods, assets and services, which could occur to a Figure 2. Framework of TAO extended. 

 



particular community or a society over some specified 
future time period. 

We considered three new stereotypes for these 

concepts in association with Disaster Action metaclass. 

They are <<Hazard>>, <<Vulnerability>>, and 

<<Risk>>. The following template defines the state, 

behavior, and relationships that a Disaster class must 

have.  
__________Disaster______________________________ 

DisasterClass Disaster_Class_Name 
Disaster_Type Concept_Name 

Hazard setOf { Hazard_Name} 
Vulnerability setOf { Vulnerability_Name} 

Risk setOf { Risk_Name} 

Properties setOf {Property_Name} 

Relationships setOf {Relationship_Name} 
End Disaster _Class_Name 

3) Exposure 
According to the DMM metamodel, property, people, 

natural site and life line metaclasses inherit an exposure 
metaclass. So, we add Exposure metaattribute to the Threat 
metaclass(is explained further) in MAS-ML that extends 
DirectedRelationship metaclass. Then, we consider three 
data types for property, lifeline and natural site in 
association with Class metaclass and People data type in 
association with Agent metaclass.   

4) MitigationOrganization 
One of the concepts that are defined in DMM, is 

Mitigation Organization. Also, the DMM defines 
MitigationTask, MitigationGoal, and MitigationPlan 
metaclasses. We do not need to define new metaclasses in 
the MAS-ML because there exist the same concepts: 
Organization, Plan, Obligation and Goal.   

5) SterategicPlanningCommitte  
We consider the SterategicPlanningCommitte 

metaclass in the MAS-ML that extends Organization 
metaclass. In association with this metaclass and according 
to its definition, we need to define two stereotypes called 
Process and Command. The Process and Command 

stereotypes extend the Operation metaclass. The following 
template defines the state, behavior, and relationships that 
a SterategicPlanningCommitte class must have. 

SterategicPlanningCommitteClass SterategicPlanningCommitte _Class_Name 

Process setOf { Process_Name} 
Command setOf { Command _Name} 
Relationships setOf {Relationship_Name} 
End SterategicPlanningCommitteClass _Class_Name 

6) Capability and Need 

In [9] The Capability idea is used instead of Role idea. 

In fact capability-based MAS suggested instead of role-

based MAS. So, we have covered this contribution with 

consider the Capability stereotype. The Capability 

stereotype extends the Property metaclass in the MAS-

ML. In association with this stereotype, the metaclasses 

Agent and AgentRole are modified. Consequent, the 

template of Agent and AgentRole have also included a list 

of capabilities that can be did by the Agent or AgentRole. 

Also, the Need concept is defined in EREs. In other 

words, it is required to model the Need concept, and when 

a disaster occurs, the set of needs is formed by agent roles. 

So, a new stereotype called Need will be added to the 

MAS-ML. This stereotype extends the Property metaclass 

in the MAS-ML. The modified template for the 

representation of the Agent and AgentRole is shown 

below.  
_____Agent_ ______________________________ 

Agent_Class Agent_Class_Name 

Beliefs setOf {Belief_Name} 

Actions setOf {Action_Name} 
Plans setOf {Plan_Name} 

Events generated: setOf{Event_Name}, 

perceived: setOf{Event_Name} 
Roles setOf {Role_Class_Name} 

Capability setOf {Capability_Name} 

Relationships setOf{Relationship_Name} 

End Agent_Class 

 

_____Agent_Role______________________________ 
Agent_Role_Class Agent_Role_Class_Name 

Goals setOf{Goal_Name} 

Figure 3. Extending the MAS-ML metamodel  

 



Beliefs setOf{Belief_Name} 

Actions setOf{Action_Name} 
Norms setOf{Norm_Name} 

Protocols setOf{Interaction_Class_Name}U setOf{Rule_Name} 

Commitments setOf{Action_Name} 
Needs setOf {Need_Name} 

Capability setOf {Capability_Name} 

Relationships setOf{Relationship_Name} 

End Agent_Role_Class 

 

Moreover, two new relationships were created in 
MAS-ML to link disasters and entities called Threat and 
Reduce that extend DirectedRelationship metaclass of 
UML. 

B. Extending the Concrete Syntax  

The second step of designing a metamodel is to define 
its Concrete Syntax. In order to represent the new concepts 
in the MASML metamodel, the following graphical 
elements are defined:  

1) Disaster 

A disaster is shown as a solid rectangle that bottom 

side has a curvature. This Figure contains four 

compartments that are Hazard, Vulnerability, Risk and 

Property. The top compartment shows the disaster`s name 

and its type is shown with data types. This element is 

shown in Fig. 4. 

 

2) SterategicPlanningCommitte 

A SterategicPlanningCommitte is shown as a solid 

rectangle with a triangle in the lower right corner with 

three compartments separated by horizontal lines. The top 

compartment holds the SterategicPlanningCommitte`s 

name that must be unique in its enclosing namespace. The 

middle compartment defines the list of processes and the 

bottom compartment defines a list of commands. This 

element is shown in Fig. 5. 

 

3) Threat Relationship 

It connects a disaster to an environment, agent, object 

or organization. This relationship is shown as a single line 

with a filled circle at one end. The Threat is shown in Fig. 

6. 

 

4) Reduce Relationship 

This relationship connects an organization to a disaster 

and is shown with a dashed line. The Reduce is shown in 

Fig. 6. 

C. Define Semantic Domain Model  

 To define associations of the new metaclasses with the 

other concepts, we describe new semantic domain model. 
This model describes static associations between the 
disaster and other metaclasses. 

Through Threat relationship in Fig. 7, a disaster may 

be threats zero or more exposures and Agents or 

exposures may be damages by one or more disasters. 

“Reduce Relationship” between disaster and organization 

means an organization reduces damages of one or more 

disasters. 

 

V. CASE STUDY 

This section presents the modeling of a Setup Bushfire 
Mitigation Plan process that was modeled by [2] using 
DMM. In this paper, we model this case study by our 
proposed DSML. 

SWEPCO is a company which has the responsibility 
for power sector operations [2]. In this case study we 
consider the SWEPCO as an organization that includes 
goals and plans. Also, we define a disaster called Bushfire 
whose properties are source, group, factor and materials. 
This disaster is Man-Made. 

A SWEPCO aggregates a SterategicPlanningCommitte 
that includes process and commands. This element is 
called Powercor Australia Mitigation Management. 

For the tasks of SWEPCO, we use a norm with 
Obligation type. The norm metaclass is already defined in 
the MAS-ML for the norms and Obligation type of norm is 

Figure 4. The graphic element of the Disaster 

Figure 5. The graphic element of the SterategicPlanningCommitte 

Figure 6. The graphic element of the Threat and Reduce relationship 

Figure 7. New semantic domain model  

 

 

 

 



the same definition of task [13]. Considered disaster hurts 
all of things that are defined as exposure and links them 
using Threat relationship. This disaster damages many 
people that we define them as Agent. These agents and 
agent roles have needs and capabilities, and link to the 
disaster with Threat relationship. Fig. 8 shows the 
modeling of this case study using the proposed DSML. 

In general, our work can include the following 

advantages: 

- Getting closer to the problem domain and therefore 

higher level of abstraction than the MS-ML, DMM, 

and UML for EREs. In addition, developers requires 

less effort for modeling the EREs. 

- Since other developers have not enough domain 

knowledge about EREs, they don’t need to learn this 

domain, and would easily use the defined concepts 

in proposed DSML. 

- Finally, the proposed DSML helps in automatically 

Jade code generation.    

VI. CONCLUSION 

This paper presents an extension of MAS-ML and 
TAO in order to support concepts related to EREs 
domains. It focuses on the Mitigation phase of these 
environments. The MAS-ML’s extension involves three 
phases including: (i) Abstract syntax (ii) Concrete syntax 
and (iii) new static diagram. In the first step we defined 12 
new metaclasses and stereotypes, and modified the static 
structure of Agent, and AgentRole. 

As future work, we are going to model other phases of 
EREs including: Preparedness, Response and Recovery 
phases. Also, we have to improve Mitigation phase 
because we considered some concepts of DMM in this 
work. In addition, we can extend MAS-ML tool to allow 
the modeling of EREs diagram and automatically Jade 
code generation using this diagram. 
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