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A B S T R A C T

Coordination strategies for crisis response mainly deal with task allocation.
Auction-based coordination strategies are one of the most common strategies
for task allocation in Emergency Response Environments (ERE), i.e., the
environments in which the crisis occurs. Due to the emergency in EREs,
coordination must be performed efficiently. To this end, before a crisis occurs,
crisis managers try to benefit from modeling and simulation of coordination
strategies. However, programming for the simulation of different coordination
strategies is a difficult and time-consuming task for domain experts who
usually do not have enough programming skills. To overcome this issue, in
this paper, we propose a model-driven framework for modeling and automatic
generation of auction-based coordination strategies for crisis response. The
proposed framework consists of two main parts: (1) a Domain-Specific Modeling
Language (DSML), named Auction-ML, with tool support for designing
auction-based coordination strategies at a high level of abstraction, and (2) a
transformation engine for automatic code generation from designed models.
The generated code can be executed on ERE models to  generate the output
model that shows  team formations,  task allocations, resource  allocation, and
 strategy performance. To show the applicability of the proposed framework,
two inter- and intra-organizational auction-based coordination strategies are
modeled using AuctionML.  Then, the performance of the strategies is measured
 by the automatic  generation of coordination strategies and execution  of the
 strategies on the ERE models. The results confirm the applicability of the
framework for enabling non-programmers to model, simulate, and evaluate
auction-based strategies.
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1 Introduction
Due to the urgency of the situation in Emergency Re-
sponse Environments (ERE) and the limited time for
quick and timely response, crisis management is an
important issue that must be performed efficiently [1].
In general, crisis management includes four phases:
mitigation, preparedness, response, and recovery [2].

https://dx.doi.org/10.22108/jcs.2026.145977.1190
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The mitigation and preparedness phases take place
before the crisis. The response phase happens dur-
ing the crisis, and the recovery phase is performed
after the crisis. The mitigation phase aims to under-
take necessary measures to prevent crises or mini-
mize their adverse consequences. In the preparedness
phase, the focus is on gathering information, plan-
ning, organizing, training, and supplying resources to
facilitate effective responses during a crisis. During
the response phase, emergency actions and services
are executed with the primary goal of preserving lives
and safeguarding property. In the fourth phase of cri-
sis management, known as recovery, essential actions
are taken to restore affected areas to their pre-crisis
state and to address the physical, mental, and social
well-being of those affected.

Since the purpose of the preparedness phase is to
plan for effective responses during a crisis, one of the
methods that can assist crisis managers in decision-
making is modeling and simulating EREs. These
methods help crisis managers effectively coordinate
available resources (including equipment and human
resources) to minimize casualties and reduce opera-
tion time [3]. Crisis management involves engaging
individuals from various organizations (including po-
lice, Red Crescent, hospitals, and municipalities). As
crises escalate, the number of involved organizations
increases. Consequently, EREs consist of heteroge-
neous and autonomous organizations, each assigned
specific tasks. These tasks are interconnected, ne-
cessitating constant interaction and collaboration
among organizations, particularly at higher levels
dealing with crises [4].

For example, consider a large-scale earthquake af-
fecting a metropolitan city such as Tehran, which con-
sists of multiple densely populated districts. Follow-
ing the disaster, several critical response tasks must
be carried out, including search and rescue opera-
tions in severely damaged areas. Due to differences in
damage severity, population distribution, and avail-
able resources, these tasks have different priorities
and resource requirements. Multiple rescue organiza-
tions are involved in the response, each operating au-
tonomously with limited human and non-human re-
sources. Under such conditions, coordinating an ef-
fective response requires appropriate mechanisms for
allocating tasks and resources among organizations,
while accounting for competing priorities, operational
constraints, and time pressure.

In the response phase of crisis management, coordi-
nation primarily revolves around task allocation [5, 6].
Cooperation for task allocation is a very challenging
research issue in disaster environments [7]. Various
strategies have been proposed for task allocation

within EREs. Among the most common strategies are
auction-based, consensus-based, and optimization-
based approaches [8]. Given the widespread applica-
bility and popularity of auction-based coordination
strategies in the domain of crisis management [8, 9],
this research focuses primarily on this category of
coordination strategies.

Task allocation in EREs must be performed effi-
ciently. Using ineffective strategies for task allocation
during crisis response includes high risks and may
lead to severe damages, losses, and financial costs. To
address this concern, crisis managers prefer to model
and simulate the EREs and task allocation strate-
gies to be able to evaluate them before a crisis oc-
curs. Modeling and simulation assist crisis managers
in the efficient allocation of available resources (in-
cluding equipment and human resources) to minimize
the number of casualties and reduce the time of oper-
ations [3].

Building simulations for various coordination
strategies poses a challenge for domain experts, in-
cluding crisis managers, strategists, and urban plan-
ning managers [10, 11]. To address this challenge, us-
ing Model-Driven Engineering (MDE) and Domain-
Specific Modeling Languages (DSML) could be bene-
ficial. These approaches simplify the implementation
of such systems by raising the level of abstraction
and bringing modeling concepts closer to the user’s
specialized domain. Consequently, productivity is en-
hanced by reducing the time and effort required for
development [10, 12]. For this purpose, DSMLs are
used to model coordination strategies, allowing crisis
managers to design and evaluate systems without
delving into implementation details. Instead, crisis
managers can focus solely on designing their desired
coordination strategies.

Until now, numerous software engineering model-
ing languages have been proposed to describe the be-
havioral aspects of algorithms and systems. Among
them are Sequence Diagrams, Activity Diagrams, and
Flow Charts. Although these languages are expressive
and widely used, their general-purpose nature and
the absence of domain-specific concepts make them
complex and time-consuming for domain experts in
crisis management to use. This is because modeling
each part of a coordination strategy using these lan-
guages requires handling numerous nodes and edges
with multiple features together to represent the algo-
rithm associated with the desired strategy.

In summary, the main problem addressed in this
research originates from the necessity of employing ef-
ficient strategies at the time of crisis occurrence and
the difficulty in programming by domain experts to
simulate coordination strategies. This leads to a main
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problem, i.e., the lack of a specific language for mod-
eling coordination strategies and generating the cor-
responding code automatically.

To address the problem, in this research, a model-
driven framework has been proposed including two
domain-specific languages:

(1) CoordinationML as a foundational modeling
language for coordination strategies

(2) AuctionML as an extension of CoordinationML
for modeling auction-based coordination strate-
gies at a higher level of abstraction than pro-
gramming languages

In addition, a transformation engine has been devel-
oped for automatic generation of code for the strate-
gies from the AuctionML models.

To demonstrate the applicability of the proposed
framework, two auction-based strategies for inter-
and intra-organizational coordination were modeled
using the AuctionML language. Subsequently, the
Java code related to the strategies was generated, and
the performance of the coordination strategies was
measured. To show the performance of the strategies,
the strategies were executed on ERE models designed
by CoorERE [13]. CoorERE is an executable DSML
with tool support for the graphical representation
of the entities that are involved in an ERE, includ-
ing organizations, tasks, resources, and persons. The
code that is generated from AuctionML models will
be the operational semantics of CoorERE. In our
previous work [13], the semantics were implemented
by programming. In this paper, the strategies will be
modeled at a higher level of abstraction, and the code
of the strategies will be generated automatically.

The main contributions of this paper are summa-
rized as follows:

• Introducing AuctionML, a DSML that enables
domain experts to specify auction-based coordi-
nation strategies at a higher level of abstraction
than programming languages.

• Designing a metamodel-driven architecture
that explicitly models coordination semantics
and performance evaluation through dedicated
meta-classes, thereby enabling extensibility and
domain-specific customization of evaluation
metrics.

• Developing an automated transformation engine
that generates executable code directly from Auc-
tionML models, eliminating the need for manual
programming of coordination strategies.

• Demonstrating the applicability and practical-
ity of the framework through inter- and intra-
organizational case studies and integrating the
generated code as the operational semantics of

CoorERE.
In contrast to our previous work [13], where co-

ordination semantics were implemented manually
through programming, this paper provides a fully
model-driven solution with automatic code genera-
tion.

The rest of this paper is structured as follows. In
Section 2, the research background is reviewed. Sec-
tion 3 presents the related work in comparison with
the current research. Section 4 introduces the pro-
posed framework for modeling and code generation of
auction-based coordination strategies. Section 5 de-
scribes the evaluation of the proposed framework us-
ing the case study technique. Section 6 discusses the
advantages and limitations of this research. Finally,
Section 7 presents the conclusion and outlines the fu-
ture works.

2 Background
This section reviews the research background that
helps better understand the solution that is pro-
vided in this paper. Since the scope of these studies
is limited to auction-based coordination strategies,
in Section 2.1, these strategies are introduced. The
proposed framework is based on the MDE concepts;
therefore, in Section 2.2, MDE concepts are reviewed.

2.1 Auction-Based Coordination Strategies

In this section, the principles of auction-based coor-
dination strategies are introduced. Generally, there
are four common stages in an auction-based strat-
egy [8, 14].

(1) Announcement: In this phase, one or a set of
tasks are announced to a group of agents [14].

(2) Bidding Strategy: Individual agents that re-
ceive the announcement calculate the individ-
ual utility values or cost based on the objec-
tive/cost function and communicate this value
to the auctioneer [14]. To this end, each agent
sends a message to the auctioneer and informs
him about the cost that he incurs for doing the
task [8]. In the single auction mechanism, bid-
ders can place bids on single items; in the com-
binatorial mechanism, the bidders can place
bids on combinations of items [15].

(3) Winner Determination: After receiving all the
bids from the agents, the job of the auctioneer
is to determine the winning agent by assessing
the received bids based on an optimization strat-
egy [14].

(4) Contract: The task is then assigned to the win-
ning agent for execution.

Different auction algorithms can be classified based
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on the number of rounds, the number of items auc-
tioned in each round, the number of items sold in
each round, and the number of bids made by bidders
for those items [16]. Accordingly, auction algorithms
are categorized into six categories, as described in the
following [17].

• In sequential auctions, for each item, a four-step
auction process is executed. Therefore, there are
m different auction rounds, and each participat-
ing agent submits one bid in each round.

• In parallel auctions, m items are auctioned simul-
taneously and only in one round. Upon receiving
the announcement message, each participating
agent immediately sends a message of length m
containing the proposed prices for each item to
the auctioneer.

• In the repeated parallel auction type, instead of
a total of m items, n items are offered and sold
in each round. Hence, ⌈m/n⌉ rounds are needed
for all items to be sold. Each agent can only win
one item in each round, although they may win
in multiple rounds and undertake multiple tasks.

• In the G-Prim algorithm, the auctioneer puts all
unsold items up for auction in each round, and
participating agents only submit bids for their
best choice in each round.

• In the repeated G-Prim auction, participating
agents bid for their top n choices in each round,
not just their best choice. Therefore, n items are
sold in each round, and ⌈m/n⌉ rounds are neces-
sary to sell all items.

• In combinatorial auctions, similar to parallel auc-
tions, only one auction round is held, but each
agent can bid for all possible combinations of
items.

2.2 Model-Driven Software Engineering

Model-driven software engineering (MDSE) is a
promising approach to cope with the complexity of
software systems. Using this approach, a user can
model the system at a high-level abstraction [10]. In
MDSE, the main concepts are models and transfor-
mations [18]. In this approach, models are considered
first-class citizens, and the development is driven by
modeling artifacts [19]. A model is an abstract repre-
sentation of a system that is consumed and processed
more easily than documents. Generally, models are
used by experts to understand and reason about a
system, to communicate and argue with other actors,
and as a support for decision-making [10]. Models
are managed by modeling languages. A modeling lan-
guage, also known as a metamodel, is a model that
defines a language to specify conforming models [20].
A modeling language consists of three main aspects
as follows [10].

(1) Abstract syntax: Describing the structure of
the language, i.e., the key concepts and their re-
lationships. This is created by using metamodel-
ing languages (i.e., meta-metamodels), such as
the standard MOF or Ecore [20].

(2) Concrete syntax: Describing specific repre-
sentations of the modeling language, covering
encoding and/or visual appearance issues. The
concrete syntax can be either textual or graph-
ical. Designers often use concrete syntax as a
reference when engaging in modeling activities.
When using a visual syntax, the output may
consist of one or more diagrams.

(3) Semantics: Describing the meaning of the el-
ements defined in the language and the mean-
ing of the different ways of combining them.
The semantics of a modeling language can be
defined as static and dynamic semantics [21].
Static semantics are the constraint properties
that are defined by using a (constraint) property
modeling language, e.g., Object Constraint Lan-
guage (OCL) [22]. Dynamic semantics (or exe-
cutable semantics) define the behavior of a lan-
guage. Dynamic semantics is used for model ex-
ecution, interpretation, compilation (transfor-
mation), and simulation.

Modeling languages can be divided into two cate-
gories in terms of their scope of application: General
Purpose Modeling Languages (GPMLs) and Domain-
Specific Modeling Languages (DSMLs) [10]. GPMLs
are used to model any type of system and address
any problem, e.g., UML [23] and Petri-net [24], while
DSMLs are used to model a specific system and ad-
dress a specific problem. For instance, MAS-ML [25] is
a language for modeling Multi-agent Systems (MAS),
and ERE-ML [26, 27] is a language for modeling MAS
in ERE.

A transformation is essentially a program defined
by using a transformation language. These languages
can be used to define transformation patterns [10].
For example, the MTL transformation language [28]
is used to write model-to-code transformations. To
use the Acceleo transformation language, a tool called
Acceleo [29] has been developed as an Eclipse plugin.
The workflow of this tool is as follows: it takes the
input model along with the transformation pattern
written in MTL language as input and generates the
corresponding code as output.

It is worth mentioning that automatic code gen-
eration is one of the main features of MDE, distin-
guishing it from traditional software development
methods. In model-to-code transformations, all or
part of the code is automatically generated from the
model. Many modern modeling tools can generate
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code skeletons from the model. However, the ulti-
mate goal of MDE is to achieve 100% automatic code
generation [10].

3 Related Works
Modeling coordination in software systems has been
extensively investigated using formal methods, orga-
nizational models, agent-oriented approaches, and
model-driven techniques [30–32]. However, despite
this extensive body of work, only a limited number of
studies address coordination modeling at a high level
of abstraction while remaining semantically close to
domain concepts in EREs.

This section reviews prior work in two parts: Sec-
tion 3.1 examines coordination modeling approaches
within the ERE domain, while Section 3.2 discusses
frameworks proposed for other environments. The dis-
cussion is structured analytically to highlight concep-
tual, methodological, and execution-level differences
from the proposed framework. Section 3.3 then ex-
plicitly articulates the limitations of existing frame-
works and establishes the distinctive contribution of
our work.

3.1 Modeling Coordination Strategies for Cri-
sis Response

Existing research on coordination modeling in EREs
can be broadly categorized into three groups:

(1) Knowledge-sharing based coordination
frameworks. Truptil and Lauras et al. [33, 34]
proposed a UML/OWL-based metamodel to
facilitate interoperability between crisis man-
agement information systems. Coordination is
primarily achieved through knowledge sharing
among actors. Although their approach pro-
vides structural modeling support and tool
assistance, coordination strategies such as task
allocation or team formation are not explicitly
modeled as domain-level constructs.

(2) Temporal or activity-dependency model-
ing approaches. Franke et al. [35] introduced
a framework for temporal coordination in dy-
namic crisis scenarios. Activities and their de-
pendencies are modeled using activity diagrams
and state machines. While the framework sup-
ports inter-organizational coordination and pro-
vides tool support for managing state conflicts,
it relies on GPMLs and does not introduce
domain-specific abstractions such as Agents,
Tasks, or auction-based allocation strategies.
Furthermore, the models are not executable
in a way that enables systematic performance
evaluation of coordination strategies.

(3) Interaction-pattern and simulation-

integration approaches. Le et al. [36] com-
bined business process modeling with multi-
agent models and used Petri nets for coordina-
tion design. Although expressive, Petri-net con-
cepts are not semantically aligned with ERE
domain abstractions, making them less accessi-
ble to domain experts. Moreover, coordination
logic is manually specified and not represented
as a first-class domain-specific construct.

Xiong Li et al. [37] proposed the Agent Ac-
tion Diagram (AAD) to bridge conceptual and
simulation models in crisis management. Their
approach integrates model-driven architecture
and automated transformation toward simula-
tion models. While this work shares similari-
ties with the present study in terms of model
transformation, its primary focus is on mod-
eling interaction patterns among agents (e.g.,
Commander-Broker patterns). Explicit model-
ing of task allocation algorithms as domain-level
coordination strategies is not the focus of that
work.

Synthesis. As reflected in Table 1, although exist-
ing ERE-related approaches provide modeling sup-
port, tool assistance, or transformation mechanisms,
none of them explicitly model auction-based task
allocation algorithms as domain-specific, executable
constructs at the metamodel level. In most cases,
coordination is either knowledge-driven, interaction-
pattern-based, or manually implemented, rather
than formally specified and automatically executed
within a dedicated DSML tailored to ERE.

3.2 Coordination Modeling in Other Environ-
ments

Coordination modeling has also been studied exten-
sively in non-ERE domains. These works typically fo-
cus on organizational processes, general multi-agent
systems, or service-oriented architectures.

Vreede and Eijck [38] proposed conceptual view-
points for modeling coordination in organizational
settings and provided simulation support. However,
their approach is model-based rather than model-
driven; transformations to executable artifacts are
performed manually. Moreover, it is not tailored to
ERE or crisis response contexts.

Van Aart [39] introduced a capability-based con-
ceptual framework for modeling coordination in MAS.
While the framework provides rich abstractions for
reasoning about agent capabilities, it operates in a
static context and does not support domain-specific
task allocation modeling for crisis scenarios.

Sudeikat and Renz [40] developed a DSML for



28 A Model-Driven Framework for Automatic Generation of Auction-Based… — S. Hoseindoost, A. Fatemi, et al.

Table 1. Comparison of the current study with related work in the ERE domain.

# Reference ERE
domain

Coordination through Modeling language Explicit
task allo-
cation

modeling

Tool
Support

Performance
measurementTask

allocation
Other

methods
General
Purpose

Domain
Specific

1 Truptil, Lauras et. al [33, 34] + − + + − − + −

2 Franke et. al [35] + + − + − − + −

3 Le et. al [36] + − + + − − + +

4 Xiong Li et al [37] + − + − + − + +

5 The proposed framework + + − − + + + +

Legend: + Supported − Not Supported

application-independent inter-agent coordination
patterns. Their approach separates coordination
strategies from implementation details and supports
design-level abstraction. Nevertheless, it does not
target ERE and does not address auction-based
coordination strategies

Nieves et al. [41] proposed a multi-layer architec-
ture integrating organizational theories with model-
driven development in service-oriented systems. Al-
though automated transformations and tool support
are provided, coordination is treated at a general ar-
chitectural level rather than as an executable, domain-
specific strategy tailored to emergency response.

Synthesis. As explicitly indicated in Table 2
through the “ERE domain” dimension, the frame-
works are designed for general-purpose coordination
modeling and are not tailored to the ERE. While they
provide valuable abstractions, DSML support, or
automated transformations, they do not embed ERE-
specific coordination concepts such as task allocation
strategies directly into the metamodel. Consequently,
they do not provide an executable, domain-specific
coordination modeling framework for ERE.

3.3 Identified Research Gap

The analysis of existing studies reveals three main
limitations:

(1) Lack of explicit modeling of task alloca-
tion algorithms as first-class, domain-specific
constructs within ERE-focused frameworks.

(2) Reliance on general-purpose or pattern-
based coordination mechanisms, rather
than formalized, executable auction-based
strategies modeled at the metamodel level.

(3) Absence of an integrated model-driven
pipeline that simultaneously supports domain-
specific modeling, automated transformation
into executable artifacts, and systematic per-
formance evaluation of coordination strategies
in ERE.

The proposed framework addresses these limita-
tions by introducing a DSML tailored to ERE, explic-
itly modeling auction-based task allocation strategies
at the metamodel level, and enabling their automated
execution and performance evaluation within a uni-
fied model-driven environment.

4 The Proposed Framework
In this section, we present the proposed framework
for the automatic generation of auction-based coordi-
nation strategies for crisis response. The framework
is designed based on the principles of MDSE [10]
and is developed through a systematic and incremen-
tal process. As illustrated in Figure 1, the develop-
ment process begins with a domain analysis phase.
In this phase, the requirements of general coordina-
tion strategies are analyzed to identify common and
predominant concepts. Based on this analysis, a re-
quirement specification for coordination strategies is
defined, leading to the design and development of Co-
ordinationML, a DSML that captures the essential
concepts of coordination.

Subsequently, a separate requirement specification
focusing on auction-based coordination strategies is
conducted. Since the completeness and quality of
automatic code generation strongly depend on how
closely the modeling language concepts align with
the coordination process, AuctionML is introduced
as an extension of CoordinationML to incorporate
auction-specific concepts. This extension enables
more precise modeling of auction-based coordination
mechanisms.

To support the practical use of AuctionML, a mod-
eling tool consisting of graphical and textual editors
is developed. In parallel, model-to-code transforma-
tions are defined to enable automatic generation of
executable coordination strategies. These transfor-
mations specify how each element of AuctionML is
mapped into executable code. Finally, the generated
components including the modeling tool and the
transformation engine are integrated into a unified
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Table 2. Comparison of the current study with related work in non-ERE domains.

# Reference ERE
domain

Coordination through Modeling language Tool
Support

Performance
measurementTask

allocation
Other

methods
General
Purpose

Domain
Specific

1 Vreede and Eijck [38] − − + − + − −

2 Van Aart [39] − − + − + − +

3 Sudeikat and Renz [40] − + − − + + +

4 Nieves et al. [41] − + − − + + −

5 The proposed framework + + − − + + +

Legend: + Supported − Not Supported

Figure 1. Process of design and development of the proposed
framework.

framework.
The overall architecture and execution flow of the

proposed framework are shown in Figure 2. First,
a coordination strategy model is created using Auc-
tionML. The defined model conforms to the corre-
sponding metamodel and serves as the input for the

Figure 2. The architecture of the proposed framework.

transformation engine. By executing the model-to-
code transformations, the coordination strategy Java
code is automatically generated.

The generated code is designed to be executable
on the target platform, which in this study is the
CoorERE tool [13]. Using the facilities provided by
CoorERE, the generated coordination strategy is ex-
ecuted on the input model to produce the output
model. The input model represents the entities in-
volved in an ERE, including organizations, tasks, re-
sources, and persons. The output model reflects the
results of strategy execution, such as task allocation
to organizations, resource allocation, team formation,
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and overall coordination strategy performance.
Then, according to the principle that the more

closely the concepts in the modeling language align
with the coordination strategy steps, the more com-
plete code generation will be, AuctionML is presented
as an extension of CoordinationML for modeling
auction-based coordination strategies. To use Auc-
tionML, a modeling tool consisting of graphical and
textual editors for modeling the coordination steps
has been developed.

To automatically generate code for coordination
strategies, model-to-code transformations are re-
quired. To write these transformations, elements
from the AuctionML are used, specifying how each of
these elements should be transformed into executable
code.

The components of the framework will be intro-
duced as follows. In Section 4.1, the CoordinationML
along with the AuctionML are presented. The graphi-
cal and textual editors are discussed in Section 4.2. In
Section 4.3, model-to-code transformations are elab-
orated. Finally, Section 4.4 describes how end-users
utilize the framework.

4.1 The Modeling Languages

In this paper, two modeling languages are presented:
CoordinationML and AuctionML. To create the lan-
guages, first, the requirements and concepts of the co-
ordination strategies need to be extracted by review-
ing the literature and research background. These re-
quirements are presented in Section 4.1.1. Then Co-
ordinationML and AuctionML are explained in Sec-
tions 4.1.2 and 4.1.3 respectively.

4.1.1 Requirements Specification

We extracted nine requirements (R1 to R9) for the
CoordinationML modeling language [5, 6, 16, 37, 42–
45], and eight extra requirements (R10 to R17) that
are specific to the AuctionML language [5, 8, 16, 46,
47].

(A) Requirements of CoordinationML

• R1: Modeling coordination strategy steps with
the ability to extend it for specific strategies

• R2: Modeling the execution order of steps
• R3: Modeling control structures such as condi-

tions and loops
• R4: Modeling mathematical and logical expres-

sions with consideration for operator precedence
• R5: Ability to define auxiliary variables of vari-

ous types
• R6: Modeling mathematical functions indepen-

dently of coordination strategies

• R7: Modeling suspended or waiting states in a
process

• R8: Modeling sorting of elements based on a spe-
cific criterion in ascending or descending order

• R9: Modeling performance measurement criteria
for coordination strategies

(B) Extra requirements for AuctionML

• R10: Modeling the four stages of auction-based
coordination strategy, including announcement,
bidding, winner determination, and contract (re-
source allocation)

• R11: Modeling different states in the announce-
ment stage, such as announcing all items, the top
few items, or only one item per round

• R12: Defining different cost or valuation func-
tions in the bidding stage

• R13: Modeling different states for agents to sub-
mit bids, such as bidding for all items or only the
best or least expensive item

• R14: Modeling the winner determination strat-
egy based on a specific criterion (e.g., the agent
with the lowest cost or highest value offered)

• R15: Modeling functions related to resource allo-
cation for task execution to organizations

• R16: Modeling the announcement of the winning
individual to all participants

• R17: Modeling the sending of acknowledgment
messages by the winning agent

4.1.2 CoordinationML

Figure 3 illustrates the CoordinationML metamodel
for modeling and evaluating coordination strategies.
This metamodel includes 16 meta-classes as follows.

The root of the metamodel, CoordinationStrategy,
should have its name property set. Each Coordina-
tionStrategy consists of several nodes and transitions.
Each node is an abstract meta-class that can be of
type ControlNode or Step in the coordination strategy.
Transitions are used to move from one step to another.
Each transition has exactly one source and one des-
tination node. ControlNodes in this metamodel are
divided into two categories: DecisionNode and Loop.

• Decision Node: The structure of each decision
node is defined as if <conditional expression>
then <Node> else <Node>. Therefore, this node
includes a conditional expression in EString type,
which must conform to the logical expressions’
grammar provided in Appx. B.

• Loop: Loops are used to iterate over a single
or a set of steps. The number of iterations in a
loop can be implemented in three ways: (1) un-
til reaching a specific number, (2) until a specific
condition is met, or (3) based on the number of
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Figure 3. The CoordinationML Metamodel.

elements in the structural model. These elements
are defined as an enumeration called Predefined-
Vars.

The Step is an abstract and extensible super-
class (expanded for implementing specific concepts
of auction-based coordination strategies in Sec-
tion 4.1.3). Each step in a coordination strategy corre-
sponds to an operation in the coordination algorithm.
By studying the domain of coordination strategies,
the most common shared operations among differ-

ent types of coordination strategies are identified
and incorporated into this model as steps. These
include Wait, TeamFormation, Sorting, Function,
VariableDeclaration and PerformanceMeasurement,
which are explained as follows.

• Wait: This concept can be used when agents in
the system must synchronize with each other at a
certain time. The wait duration can be a specific
number of seconds or until a specific condition
is met. This condition follows the grammar of
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logical expressions.
• TeamFormation: In many coordination strate-

gies for crisis response, there is a team formation
process. Using the TeamFormation element in
the coordination model is equivalent to creating
an instance of the Team class in the structural
model at runtime. The process of adding mem-
bers to this team varies depending on different
strategies and can be modeled either by coding
or by extending the framework for a specific type
of strategy. In this study, the team formation
process in auction-based coordination strategies
is modeled by extending the framework.

• Sorting: Sorting operations can be performed
for tasks based on their priority, for organiza-
tions or individuals based on their distance from
the task, or for bids based on their cost or value.
Sorting can also be done in ascending or descend-
ing order.

• Function: In the proposed metamodel, a func-
tion is an abstract concept that can be imple-
mented as a single-rule function or a multi-rule
function.
◦ A single-rule function follows the pattern

”variableName = expression” where the expres-
sion is written according to the mathematical
expression grammar (explained in Appx. A).

◦ A multi-rule function is a function composed
of at least one condition and two single-rule
functions.

• VariableDeclaration: Using this meta-class,
one can define several variables. For each vari-
able, properties such as name, type, array or
non-array, array size, and initial value can be
specified. The data types that can be defined for
each variable are listed in an enumeration called
DataType, including integers, floating-point
numbers, booleans, and strings.

• PerformanceMeasurement: In the proposed
metamodel, efficiency evaluation is represented
through a dedicated meta-class responsible for
performance measurement. This meta-class al-
lows the domain expert to define a custom effi-
ciency function tailored to system-specific evalu-
ation criteria. Therefore, the framework does not
impose a predefined metric; instead, it provides
a flexible modeling construct through which the
modeler specifies how efficiency should be com-
puted. As an illustrative example, efficiency may
be defined as the ratio of completed tasks to the
total number of tasks defined within the system.
However, alternative formulations can be mod-
eled depending on the intended evaluation objec-
tives.

4.1.3 AuctionML

In this section, the AuctionML metamodel is pre-
sented as an extension of the CoordinationML for
modeling auction-based coordination strategies. Fig-
ure 4 illustrates the AuctionML metamodel. The
part enclosed in the dashed box contains the con-
cepts added to the CoordinationML to create the
AuctionML. In the following, each of these concepts,
along with their relationships, will be explained.

The root of the AuctionML is the AuctionBased-
Task
Allocation class, which inherits from the Step meta-
class of the CoordinationML. As explained in Sec-
tion 2.1, each auction-based coordination strategy
consists of four main steps: announcement, bidding,
winner determination, and contract. For each step
of the strategy, a class with the same name has
been considered, and they all inherit from the Step
meta-class.
• Announcement: the auctioneer can announce

one to n tasks for auction in each round. A
feature named announcedTasks has been consid-
ered in this class, which can have values such as
first_task, first_n_tasks, all_owned_tasks, or
all_unsold_tasks. These values are defined in
the enumeration PredefinedVars.

• Bidding Strategy: In the bidding strategy,
first, a cost function must be defined. Therefore,
there is a one-to-one relationship between the
BiddingStrategy meta-class and the Function
meta-class called CostFunction. In addition, it
must be determined how many bids the bidders
send for each task received in each round of the
auction, e.g., bidders bid for all announced tasks
or each bidder only bids for the task that has
the lowest cost or the highest value for them.

• Winner Determination: This process involves
sorting the bids, selecting the winner (which has
its own specific strategy and can be part of the
team formation process), and adding resources to
the winning agent’s possession for task execution.
Therefore, there is a composition relationship be-
tween the WinnerDetermination meta-class and
the Sort, Winner Selection, TeamFormation, and
SupplyingResourcesByWinner meta-classes.

• Contract: In this research, the concept of a
contract refers to task allocation to the winning
agent. Depending on the coordination strategy,
this process may also include allocating resources
to the winning agent for task execution. In this
case, the resource allocation process is performed
according to a function called ResourceAlloca-
tionFunction. Therefore, there is a relationship
with the same name between Contract and Func-
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Figure 4. Concepts added to CoordinationML to create AuctionML.

tion meta-classes (existing in CoordinationML).
Since separate allocation functions can be con-
sidered for each type of resource belonging to the
winning agent, or there may be no such process
in a coordination strategy at all, the multiplicity
of this relationship is considered from zero to
infinity. The contract process may also include
operations such as WinnerAnnouncement and
Acknowledgement, which respectively mean an-
nouncing the winning bidder to all participating
agents in the auction and receiving a confirma-
tion message from the winner.

4.2 Tool Support

To facilitate user interaction with the AuctionML
modeling language, a graphical editor has been devel-
oped. This tool was built using Sirius, along with the
Sirius/Xtext integration plugin 1 . Table 3 illustrates
the concrete syntax (graphical symbols) designed for
each of the elements present in the model. Numbers
1 to 10 correspond to nodes of type Step, numbers 11
and 12 correspond to Control Nodes, and numbers 13
to 15 correspond to the definition of Edges. It should

1 https://altran-mde.github.io/xtext-sirius-integration.io/

https://altran-mde.github.io/xtext-sirius-integration.io/
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be noted that only symbols 6, 7, 8, and 15 are spe-
cific to the AuctionML language, while the rest of the
symbols are related to concepts existing in the Co-
ordinationML model, which are defined in a general
manner.

Figure 5 depicts the toolbox designed for the Auc-
tionML graphical editor. This toolbox consists of
three sections: Steps, Control Nodes, and Edges. Fig-
ure 6 illustrates the result of integrating the logical
expressions grammar with Sirius in the AuctionML
modeling tool. To write logical expressions in this
editor, the user can view the list of expressions that
can be placed in that section. If the expression writ-
ten in this section of the logical expressions grammar
does not comply, it will be indicated to the user with
a red underline indicating the error. For example, in
Figure 7, the user has started the logical expression
with the ‘>’ operator. Therefore, an appropriate
error message is displayed to the user.

Figure 5. The AuctionML Toolbox.

The usage of mathematical expressions in the
graphical editor is similar to logical expressions. Fig-
ure 8 illustrates the panel of defined properties for
SingleRuleFunction. In this panel, there are two sec-
tions named Variable and Expression. In the Variable
section, the user can view and select a list of prede-
fined variables from the grammar along with other
variables defined in the model. In the Expression
section, the user can define a mathematical expres-
sion. This expression must adhere to the grammar of
mathematical expressions. Otherwise, an appropriate
error message will be displayed to the user.

4.3 Transformation Engine

After creating the coordination strategy model, the
model must be transformed into executable code on
the CoorERE platform. For this purpose, the model-
to-code transformations are written using Acceleo
and Model to Text Language (MTL) [28]. Figure 9
illustrates a code snippet of the transformation.

In Lines 43 to 57, classes related to CoorERE, cre-
ated by EMF, are added. In Lines 202 to 225, the start
node is identified. In this regard, a node is considered
the start node if it has no incoming transitions. There-
fore, for each node in the model, it is checked whether
that node is the destination of any transition or not.
If the node has no incoming transitions, it is identified
as the start node (Line 211). The transformation op-
eration continues by following the transitions sequen-
tially. For example, if the start node is of type An-
nouncement (Line 219) and the announcedTasks fea-
ture is set to all_owned_tasks, then the input model
is recognized as a model for parallel auction, and ac-
cordingly, the code segment for processing tasks in
parallel is written (Lines 222 to 225).

In addition to the transformation code project, an
Acceleo UI Launcher project has been created, which
provides the ability to execute transformations as a
dropdown menu on behavioral models.

4.4 Operational Workflow of the Proposed
Framework

After developing all required artifacts of the proposed
framework, the framework is delivered to users as an
Eclipse plug-in. By installing this plug-in within the
Eclipse environment, users can perform the modeling
process, automatic code generation, and code execu-
tion in a structured, step-by-step manner.

Figure 10 illustrates the end-user process for uti-
lizing the proposed framework. As shown in the fig-
ure, the structural modeling and behavioral modeling
activities can be carried out in parallel. These two
phases are fully independent and have no mutual de-
pendencies.

Once the models are created, the structural model
must be validated, and the behavioral model must be
transformed into executable coordination code com-
patible with the CoorERE platform. To generate the
executable code, the user right-clicks on the behav-
ioral model file (with the.coordination extension) and
selects the option: Acceleo Model to Text → Generate
coordination Java code. This operation automatically
generates the corresponding Java implementation of
the coordination strategy.

Subsequently, the user transfers the generated Java
file to the src directory of the CoorERE tool and exe-
cutes it within the CoorERE environment. It should
be noted that the CoorERE tool has been previously
introduced and published in our earlier work [13]. In
this paper, CoorERE is reused as the execution plat-
form, while the remaining components and the overall
integration process illustrated in Figure 10 are newly
developed as part of the proposed framework.
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Figure 6. Logical Expression in AuctionML Tool.

Figure 7. Logical Expression Validation.

Figure 8. Mathematical Expression in AuctionML Tool.
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Table 3. Concrete Syntax of AuctionML.

# Concept Icon # Concept Icon

1 Variable Declaration &
Variable 9 Single Rule

Function

2 Wait 10 Multi Rule
Function

3 Sorting 11 Decision
Node

4 Team Formation 12 Loop

5 Performance Measure-
ment 13 Transition

6 Winner Selection 14

Control
edges (do
/ repeat /
then / else)

7 Supplying Resources By
Winner 15 Add to

Team

8 Auction-based Task Allocation

5 Evaluation
To show the applicability of the proposed framework,
two case studies related to organizational auction-
based coordination for crisis response are modeled us-
ing AuctionML. In our previous work [13], we ana-
lyzed and designed two inter and intra-organizational
auction-based coordination strategies as the opera-
tional semantics of CoorERE. In this paper, the same
strategies are selected as the case studies to model at
a higher level of abstraction than programming, and
then the code of the designed strategies is automat-
ically generated. The main reason for selecting the
case studies is that those cover all requirements dis-
cussed in Section 4.1.1.

5.1 Modeling Inter-organizational Strategy

In inter-organizational strategy, the coordinator orga-
nizations are responsible for assigning tasks to their
subordinates. An example of a coordinator organiza-
tion is the Red Crescent Organization, which is re-
sponsible for coordinating relief and rescue stations
in a city. The coordinator plays an auctioneer role,
and its subordinates are bidders. In this example, the

task that must be assigned to relief and rescue sta-
tions is search and rescue in different regions of the
disaster area. The Red Crescent Organization should
select the best organizations for doing each task. In
the following, the inter-organizational strategy out-
lined in [13] is modeled according to the auction-based
strategy phases.

(1) Announcement: First, the coordinator orga-
nization, e.g., Red Crescent Organization, auc-
tions off tasks one by one in order of priority.
Figure 11 illustrates the model created for the
announcement phase. Initially, by selecting the
“Sort” option from the toolbox, tasks are sorted
in ascending order of priority. Then, for all tasks
belonging to the coordinator organization, auc-
tion operations for each high-priority task are
performed one by one.

(2) Bidding Strategy: Figure 12 illustrates how
to model the bidding phase. First, in the “Sent
Bids” section, the number of bids each agent
sends is specified. Then, the cost function must
be modeled. In this section, the desired cost
function is modeled by “MultiRuleFunction”,
“Decision Node”, and “SingleRuleFunction” el-
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Figure 9. Code snippet of transformation rules written in
MTL language.

ements.
(3) Winner Determination: Figure 13 depicts

the modeling of the winner determination phase
for supplying human and non-human resources.
First, all received bids are sorted in ascending
order based on their cost. Then, as long as there
are bids in the queue, the best organization with
the lowest cost bid is examined as the winner,
and all human and non-human resources avail-
able in that organization are registered to par-
ticipate in the crisis. If the organization does
not have any resources, the next organization is
chosen. This process continues until either all re-
quired human resources are supplied or all bids
in the queue are exhausted. Finally, the task
completion percentage in terms of the amount
of supplied resources is calculated.

(4) Contract: In this phase, the available resources
of the winning organizations are fairly allocated
to perform the corresponding task. The model
of the contract stage is depicted in Figure 14. In
this stage, two multi-rule functions are used to
model the allocation of human and non-human
resources, respectively.

(5) Performance Measurement: At the end, the
strategy performance is calculated as the ratio

of the sum of the completion percentage of all
tasks to the total number of tasks. Therefore,
the performance will be a numerical value be-
tween 0 and 100. Figure 15 illustrates how to
model the performance evaluation function ac-
cording to this criterion.

5.2 Modeling Intra-organizational Strategy

The goal of the intra-organizational strategy is to de-
termine the best individuals for deployment to the
incident site. In the following, the modeling of the
strategy that is outlined in [13] is described.

A. Announcement and Bidding Strategy: Fig-
ure 16 illustrates the model corresponding to the an-
nouncement and bidding phases. First, for each role
required to perform each task, among the individu-
als playing that role, the organizations hold auctions.
In this way, each participant in the auction sends a
bid to the organization. This bid includes the cost
of performing the task by the proposed individual.
The cost depends on the body’s strength, stamina,
success rate of the person in previous operations, and
their work experience.

(B) Winner Determination and Contract: As
depicted in Figure 17, in the winner determination
phase, bids are sorted in ascending order based on
their cost. Then, as long as there is a bid available and
the required number of individuals has not been met,
the winner selection operation is performed based
on the “minimum cost - best selection” strategy. In
the contract phase, a message is sent to announce
the winning individuals to all participants in the auc-
tion. Also, a confirmation message is sent from the
winning individual to the organization. Therefore,
the Winner Announcement and Acknowledgement
attributes are set to true to enable the announcement
of winners and acknowledgement of task fulfillment
by the winning individual.

5.3 Code Generation and Execution

After modeling the inter-organizational and intra-
organizational coordination strategies using the
transformation execution plugin, the Java code of the
coordination strategies is generated. By transferring
the generated code to the CoorERE tool and execut-
ing it on the desired structural model, the user can
observe the output model. The main results in the
output model are team  formations,  task allocations,
 resource allocation,  and strategy performance.

In the following, the designed coordination strate-
gies are applied to the models related to Hurri-
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Figure 10. End-user Process for Utilizing the Proposed Framework.

Figure 11. Modeling of the Announcement Phase.

cane Lisa 2 which affected four countries: Belize,
Guatemala, Honduras, and Mexico. To manage this
crisis, responsible organizations must collaborate in-
ternationally to reduce the damage caused by the
disaster [48]. It is worth mentioning that the strate-
gies were also applied to the Tehran earthquake
model [13] and all expected results were obtained.

2 https://reliefweb.int/disaster/tc-2022-000357-blz

The model included three search and rescue tasks
and six responsible organizations with 66 employees
in the organizations. Table 4 shows the features of
the selected models.

As shown in this table, the hypothetical earthquake
in Tehran has been implemented as a small-scale re-
gional disaster with homogeneous tasks and organiza-
tions. In contrast, Hurricane Lisa is a large-scale dis-
aster that involves heterogeneous organizations at the
international level to carry out heterogeneous tasks.
Therefore, the second model is more complex than
the first. Additionally, in terms of the number of fixed
model elements (i.e., all model elements except indi-
viduals, which are randomly generated), the Hurri-
cane Lisa model is 3.5 times larger than the first case
study.

In our previous work [13], the output results related
to applying the coordination strategies in the Tehran
earthquake model have been shown. Therefore, in the
following, only the results obtained from the execu-
tion on the Hurricane Lisa model will be described.
Figure 18 to 20 show these results.

As indicated in Figure 18, this model includes  20 
organizations and a total of  1867 individuals em-

https://reliefweb.int/disaster/tc-2022-000357-blz
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Figure 12. Modeling of the Bidding Strategy Phase.

Table 4. Comparison of the Two Selected Disasters.

Name Scale
Type of Tasks
(Homogeneous /
Heterogeneous)

Type of
Organizations
(Homogeneous /
Heterogeneous)

Number of
Fixed Model

Elements

Tehran Earthquake Regional Single Type
(Rescue)

Single Type
(Rescue Stations) 53

Hurricane Lisa International 5 Different Types 5 Different Types 182

ployed within these organizations. The organizations
are defined in three regions: Belize, Honduras, and
Guatemala. Details related to the organizations de-
fined in each region can be found in the modeling
document 3 . As a result of implementing the coor-
dination strategy in the aforementioned model, an
efficiency rate of  81 percent has been achieved.

The winning organizations for each task and the
percentage of resources provided by them are shown
in Figure 19 . For example, in rescue operations and
the provision of food and shelter, Guatemala and

3 https://mdse.ui.ac.ir/Tools/CoorERE/HurricaneLisa%20Case
%20Study.pdf

Honduras collaborate with Belize and share their re-
sources with them.

Figure 20 provides an example of the outcome of
the intra-organizational coordination strategy in the
Hurricane Lisa model. This figure shows part of the
view of Fire Station No.  2 in Belize City, where a
subgroup has been assigned the task of debris removal.
Based on this, two teams, consisting of six and eight
crane operators respectively, are dispatched to two
areas of Belize City for debris removal, while six other
operators remain available within the organization.

https://mdse.ui.ac.ir/Tools/CoorERE/HurricaneLisa%20Case%20Study.pdf 
https://mdse.ui.ac.ir/Tools/CoorERE/HurricaneLisa%20Case%20Study.pdf 
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Figure 13. Modeling the Winning Determination Phase.
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Figure 14. Modeling of the Contract Phase.

Figure 15. Modeling of the Performance Measurement.
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Figure 16. Intra-organizational Strategy Model - Part 1.

Figure 17. Intra-organizational Strategy Model - Part 2.

5.4 Results

The conducted evaluations demonstrate that the pro-
posed framework, particularly AuctionML and its
supporting tool, can successfully model and execute
auction-based coordination strategies in different cri-
sis response scenarios. The designed strategies were
fully modeled using AuctionML and automatically
transformed into executable code through the imple-
mented model-to-code transformations.

The generated code was integrated into the
CoorERE modeling environment and executed on
ERE models representing two distinct case studies:
the Tehran earthquake and Hurricane Lisa. Despite
differences in scale, organizational structures, and
resource distributions, the strategies were executed
without requiring structural modifications to the
metamodels. This confirms the independence of Co-
ordinationML and AuctionML from specific disaster
types and organizational settings.

Furthermore, the framework supports systematic
and quantitative evaluation of coordination strate-
gies through domain-defined performance functions.
By varying auction parameters such as the number
of rounds and the number of tasks allocated at each
stage, different execution outcomes were obtained
and analyzed. This enabled comparative assessment
of strategy configurations within the same opera-
tional environment.

The results indicate that the proposed framework
enables consistent modeling, automatic code genera-
tion, and executable evaluation of auction-based co-
ordination strategies across heterogeneous crisis sce-
narios.

6 Discussion
This section analyzes the advantages, limitations, and
broader implications of the proposed framework be-
yond the experimental evaluation.

6.1 Advantages

The evaluation results demonstrate that the proposed
framework enables systematic modeling and quantita-
tive assessment of auction-based coordination strate-
gies in ERE. Its main strengths include:

(1) Domain-specific abstraction. Auction-based
coordination strategies are modeled using domain-
aligned constructs such as agents, tasks, and allo-
cation steps, making the framework accessible to
domain experts.

(2) Explicit modeling of coordination semantics.
Unlike approaches where coordination logic is embed-
ded directly in source code, the proposed framework
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Figure 18. Execution Log and Strategy Performance in the CoorERE Tool.

Figure 19. Winning organizations after executing inter-organizational coordination strategy.
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Figure 20. Team formation for debris removal at Fire Station
No.  2 in Belize.

represents task allocation strategies as first-class
metamodel constructs. This improves traceability
and conceptual clarity.

(3) Integrated model-driven pipeline. Modeling,
transformation, execution, and performance evalua-
tion are unified in a single workflow. This reduces
implementation inconsistencies and enhances repro-
ducibility.

(4) Extensibility. The CoordinationML meta-
model can be extended to support additional coor-
dination strategies by expanding core meta-classes
such as Step. This design supports gradual evolution
of the framework.

6.2 Limitations

Despite its strengths, the framework has several lim-
itations:

• The current implementation focuses primarily
on auction-based coordination strategies. Other
coordination paradigms require additional meta-
model extensions.

• Automatic code generation is most effective
when DSML concepts closely align with coor-
dination logic. For highly abstract or loosely
defined domains, partial manual refinement may
still be necessary.

• Large-scale empirical validation in real-world cri-
sis management infrastructures remains future
work.

6.3 Theoretical Implications

From a theoretical perspective, this work contributes
to bridging coordination theory and model-driven en-
gineering. It demonstrates that coordination mecha-
nisms, specifically auction-based task allocation, can
be formalized as executable domain constructs within

a DSML rather than treated merely as algorithmic
implementations.

This contributes to research on executable mod-
eling languages and domain-specific coordination se-
mantics in socio-technical systems.

6.4 Practical Implications

Practically, the framework enables emergency plan-
ners to experiment with and evaluate coordination
strategies before crisis occurrence. For example, re-
source shortages can be identified during simulation,
allowing organizations to take preventive measures.

Although Large Language Models (LLMs) can gen-
erate code from textual prompts, they do not inher-
ently ensure formal domain consistency, traceability,
or deterministic transformation. In contrast, the pro-
posed framework guarantees structural correctness
through metamodel constraints and rule-based trans-
formations. Nevertheless, future extensions could in-
tegrate specialized LLMs as intelligent assistants, for
example, to support DSML model creation from natu-
ral language descriptions while preserving the formal
model-driven backbone of the system.

7 Conclusions and Future Works
This paper presented a domain-specific, executable
model-driven framework for modeling and evaluating
auction-based coordination strategies in ERE. By em-
bedding coordination semantics into a DSML and en-
abling automated model-to-code transformation, the
framework bridges high-level domain modeling and
executable coordination behavior.

Finally, the suggestions for future work in continu-
ation of this research include:

• Verification of the designed coordination strate-
gies using formal or semi-formal methods

• Extending the proposed framework to cover
other task allocation algorithms

• Addressing optimization problems in resource al-
location, task assignment, and team formation,
and proposing algorithms in these areas.

• Investigating the integration of AI-assisted mod-
eling techniques
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Appendix
In this section, the mathematical and logical expres-
sion grammar used in modeling coordination strate-
gies is introduced, respectively.

A Mathematical Expression Gram-
mar

As mentioned in Section 4.1.2, the expression feature
in the SingleRuleFunction meta-class can include a
mathematical expression. For this purpose, the gram-
mar for mathematical expressions has been defined.
Listing 1 illustrates the defined grammar by the Xtext
language, where operator precedence is observed.

 
1 grammar org.xtext.example.mathexp.MathExp with
2 org.eclipse.xtext.common.Terminals
3
4 generate mathExp
5 "http://www.xtext.org/example/mathexp/MathExp"
6
7 MathExp:
8 exps+=NamedExp+;
9

10 NamedExp:
11 exp=Exp;
12
13 Exp returns Expression:
14 Factor (({Plus.left=current} '+' |
15 {Minus.left=current} '-') right=Factor)*;
16
17 Factor returns Expression:
18 Primary (({Mult.left=current} '*' |
19 {Div.left=current} '/' |
20 {Mod.left=current} '%') right=Primary)*;
21
22 Primary returns Expression:
23 Operands | Literal | Number | Parenthesis |
24 VariableBinding | VariableUse;
25
26 VariableUse returns Expression:
27 {Var} id=ID;
28
29 VariableBinding returns Expression:
30 {Let} 'let' id=ID '=' binding=Exp 'in' body=Exp 'end';
31
32 Parenthesis returns Expression:
33 '(' Exp ')';
34
35 Number returns Expression:
36 {Num} value=INT;
37
38 Literal returns Expression:
39 {Literal} value=("true" | "false");
40
41 Operands:
42 name=myOperands;
43
44 enum myOperands:
45 DistancesBetweenAgentAndTask |
46 num_of_tasks |
47 num_of_available_human_resources_with_role_r |
48 num_of_required_human_resources_with_role_r |
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49 num_of_all_required_roles |
50 num_of_available_non_human_resources_in_type_t |
51 num_of_required_non_human_resources_in_type_t |
52 num_of_all_required_non_human_resources_type |
53 sum_of_supplied_human_resources_with_role_r |
54 sum_of_supplied_non_human_resources_in_type_t |
55 number_of_bids |
56 score_of_bid_sender |
57 task_completed_percentage |
58 sum_of_all_tasks_complete_percentage |
59 completed_task |
60 num_of_completed_task |
61 BodyStrength_of_person_with_role_r |
62 Stemina_of_person_with_role_r |
63 SuccessRateInPreOps_of_person_with_role_r |
64 WorkExperience_of_person_with_role_r;

Listing 1: Mathematical expressions grammar
implemented by Xtext language 

 
The specific feature of the grammar defined in this

paper is that it includes the necessary keywords for
modeling coordination strategies (Lines 44 to 64 in
Listing 1). These keywords can be used as operands
in a mathematical or logical expression and can be
extended for specific coordination strategies. This fea-
ture enables the modeling of coordination strategies
to be completely independent of structural modeling.
The value of these operands is obtained from the struc-
tural model at runtime. However, during the model-
ing phase, strategies can be modeled independently
of the structural model.

B Logical Expression Grammar
As mentioned in Section 4.1.2, the conditionalExpres-
sion feature in the classes Wait, Loop, and DecisionN-
ode can include a logical expression. A logical expres-
sion in the model consists of mathematical expres-
sions along with logical operators (such as and, or,
<, !=). Listing 2 shows the grammar of the logical ex-
pression. Exp at Line 26 is exactly equivalent to the
Exp at Line 13 in Listing 1, which we will refrain from
representing again in this section.

 
1 grammar org.xtext.example.mydsl.LogicalExp with
2 org.eclipse.xtext.common.Terminals
3
4 generate logicalExp
5 "http://www.xtext.org/example/mydsl/LogicalExp"
6
7 LogicalExp:
8 exps+=NamedExp+;
9

10 NamedExp:
11 exp=OrExpression;
12
13 OrExpression returns Expression:
14 AndExpression ({OrExpression.left=current} "or"

15 right=AndExpression)*;
16
17 AndExpression returns Expression:
18 ComparisonExpression ({AndExpression.left=current}
19 "and" right=ComparisonExpression)*;
20
21 ComparisonExpression returns Expression:
22 Exp ({ComparisonExpression.left=current}
23 operator=("<" | "<=" | "==" | "!=" | ">=" | ">")
24 right=Exp)*;
25
26 Exp returns Expression: 

Listing 2: A snippet of Logical expressions grammar 
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