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« Smart Grid is one of Critical Infrastructures (CIs), which is highly
connected with our life

e The failure of Smart Grid causes considerable risk

- Before applying new policies or requirements, we need to analyze

and predict the influences Repair Crew
Fuel to Sites System System
Resupply \ \ Statis ;mtml Operation and
Repair Crew
e — Road SCADMEI\V Communication
center / Tel / ——— E-Commerce  y1oterials
. Component siecom Procurement
AE‘I’IE} Shmpmg
Inspection Banking and Financial
Component__— Air Finance Services
Shipping Natural ___ Fuel for
/ Rail Gas Generators
Fuel
Resupply . Water —— Cgmgginn%nt
Component / ' \\
_ _ Shipping \ Cooling
[Rinaldi, S. M., Peerenboom, J. P, & Kelly, T. K] Fuel for Fuel for Emissions
Maintenance Generators Control =

THE

NiSE

RESEARCH GROUP



Rl

Introduction ‘2/ 3‘ %

« Agent-based Modeling and Simulation (ABMS) is one of useful
approach to analyze and predict a problem in Smart Grid

« Due to the characteristics of Smart Grid, it is not an easy task to
develop models that satisfy the Smart Grid requirements:
— RQ1> Smart Grid change their behavior dynamically (Adaptability)

— RQ2> Smart Grid evolve as introducing new components or
modifying/removing current components (Evolvement)

« ABMS can help modeler to make Smart Grid models, but it is not
enough to achieve two requirements of Smart Grid

« To satisfy these requirements, we need to develop models to be
adaptive and evolutionary
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« We propose a Goal-oriented ABMS (GoABMS) framework,
which especially focus on the agent design activity

« Concept of goal help the behavior of an agent to be separated
into means and objective

« Goal-oriented Organizational Agents (GOA) model provide
modeler with traceability between agents’ requirements and their
detail design

* As the result, our modeling method enables modelers to design
Smart Grid models to be adaptive and evolutionary
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« ABMS for Smart Grid

— Karnouskos and Holanda [2], Pipattanasomporn [3], Bou Ghosn et al. [4],
Chalkiadakis et al. [5]

— Do not clearly mention how to design and develop agents

« Agent-oriented Software Engineering (AOSE)
— Gaia [6], Prometheus [7] and Tropos [8]
— Do not deal with early requirements
— Rigid architectures

* Role-oriented Adaptive Design (ROAD) (9,10

— Do not clearly describe the relationship between goal and task
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« In order to verify our modeling approach, we adopt a Smart Grid
design in Chalkiadakis et al. [11]

« The original design is verifying profit sharing mechanism for
Virtual Power Plant (VPP) and Distributed Energy Resources (DERs)

« In our research, we have three assumptions
— There are two profit sharing policies: with or without estimated generation
— Smart Grid has a VPP comprised of several DERs
— For each DER, the target electricity to be generated is predefined
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« In GoABMS framework, we especially concentrate on the design
of agents and organizations derived from the goal-oriented
requirements

A Smart Grid
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Figure 1. Conceptual model of a smart grid
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« GOABMS framework has 7 phases to concretize and design agent

model from simulation needs
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« Analyzing Requirements
— Simulation components and simulation environment are identified

— Requirements are specified with two types of model: strategic dependency
(SD) model and strategic rationale (SR) model

— These models describe the dependency between actors and organizations,
and the rationale of the actors

« Designing Agents
— Agents are designed in detail from SD and SR models

— The elements of models are concretized into an agent, goal, action, and
context model

— An agent design includes plans specifying a series of actions to expressing a
way for the agents to achieve its goals
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« Designing Organizations
— Organizations are designed in detail like agents, but difference between
agents and organization is actions and roles

— Instead of actions, an organization has roles played by other agents or
organization at runtime

— A role is specified with a set of goals, context model and two conditions

— For an organization to achieve its goal, plans of the goal are pursued by a
goal of roles instead of actions in agent
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« Choosing/Developing Agents & Organization

— Modeler can choose agents in consideration of the reusability of preexisting
agents

— If a reusable agent does not exist, modelers should develop agents

« Generating Scenarios

— Generating scenarios through setting the initial values and events for
simulation environment and agents

« Simulating Scenarios

— A scenarios and agents are combined with a simulation engine and
simulation is executed

— Simulation results are offered to users
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Phases Artifacts Elements Descriptions

Simmlation Electric equipment Type. amount of the required electricity, ete.
Environment Weather information The changes of weather
Requirement Temporal information The start and end time of simulation
Specification Spatial information The range of the simulated world

o The relation type between two actors (goal dependency.

1alyzin, y

Requ}i{_re ri - Strategic Dependency Dependency type :f;;ﬂzl;?:i;my' resource dependency. and softgoal

Model - . . T
F— Actors are abstract simulation objects described i the

requirements in order to achieve the goal.

Strategic Rationale
Model

Actors’ Rationale

The simplified structure to represent the rationale behind
the dependency (means-end link, task-decomposition
link)

Goals Objectives that this agent wants to achieve
Designing Agents | Agent Design(s) Actions Tasks that this agent can do in order to achieve the goals
gnmng Ag g &n Context model Information model for facts that this agent believes
Plans Means for this agent to achieves a goal
Goals Objectives that this organization wants to achieve
Goals that the role can achieve. context model to specify
.. _ Roles the belief of the role. and prerequisite and exceptional
Designing Organization .
Organizations De:_;ign(s) conditions
2 = Information model for facts that this organization
Context model . =
believes
Plans Means for this organization to achieves a goal
Choosing Agents | Refers to Developing Agents.
Developing Agents . Agent implementation that can bind with a simulation
= = o Agent Implementation )
Agents (or Organizations) framework
) . The simulation environment information (weather.
. Environment Setting L .
Generating . . . = temporal. and spatial information)
.= Simulation Scenarios - — -
Scenarios Agents Settings Initial value for attribute of the agent
Initial Event List Planned initial event list for simulation
Simulatin . . . Not limited because this can be changed by simulation
g Simmulation Results Unconstrained ged by
Scenarios goal

Table 1. Activities and artifacts of GoOABMS framework
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Artifacts of previous
phase is used in next
phase

Each artifact consist of
several elements

SD and SR model, agent
and organization model
Is most important
artifacts in framework
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« GOA model is used as a meta-model able to design and specify
adaptive and evolutionary agent and organization models

« Meta-Model for Agent Requirements

— Through GRL of i* framework, actors, intentional elements and intentional
relationship is specified

« Meta-Model for Agent Structure

— Specifying how agents or organizations are composed of components

« Meta-Model for Agent Behavior

— Focusing on that every agent can be independently developed with a minimal
dependency by other agent
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« Meta-Model for Agent Structure
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.

. Role R
oles [ Tef:Sting Organization
l o Prerequisite:String | o
desire | » + |capabilities exceptional:String
_Goal
ref:String *
Agent desire - ‘V
Perspective Action M Agent
ref.String capabilities ref:String
Plannable ModelingElement belief |1 belief
precondition:String _[> id:int Q ContextModel | |
exception:String name:String ref:String 1
postcondition:String description:String

Common Perspective

Figure 3. Agent-structural meta-model of GOA model
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« Meta-Model for Agent Behavior « Common Perspective
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 Verify feasibility of proposed framework and model

« Focus on designing agent and organization model
from simulation requirements

CEmm = CTE > SR

e Smart Grid « Organization  Adaptive
design (VPP ti
o VPP (virtual Power esign ( ) Perspective
Plant) « Agent design e Evolutionary
e DER (istributed (DER) perspective

Energy Resource)
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« Proposed method has two perspectives of contribution:
Adaptive and Evolutionary perspective

« From the adaptive perspective
— Structural adaptability
— Behavioral adaptability

* From the evolutionary perspective
— Introducing new agent
— Modifying or removing existing agent
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Conclusion and Discussion
« We propose a GoOABMS framework to model and simulate Smart
Grid and GOA model to design agents and organizations
— Through GoABMS framework, modeler can design agents for Smart Grid

— GOA model makes a Smart Grid model more adaptive and evolutionary
— Case study of profit sharing policies shows the feasibility of proposed method

« As future work, we have a plan to perform further research from
various viewpoint
— Implement simulation system
— Combine with other techniques
— Verify through theoretical approach and experiments




References

Dynamic
7bm)o/rrow

o

[1] Rinaldi, S. M., Peerenboom, J. P, & Kelly, T. K. 2001.
Identifying, understanding, and analyzing critical
infrastructure interdependencies. JEEE Control Systems
Magazine, 21, 6, 11-25.

[2] Karnouskos, S., & Holanda, T. N. De. 2009. Simulation of
a Smart Grid City with Software Agents. In 2009 Third
UKSim European Symposium on Computer Modeling
and Simulation, 424-429.

[3] Pipattanasomporn, M., Feroze, H., & Rahman, S. 2009.
Multi-agent systems in a distributed smart grid: Design
and implementation. In 2009 IEEE/PES Power Systems
Conference and Exposition, 1-8.

[4] Bou Ghosn, S., Ranganathan, P, Salem, S., Tang, J.,
Loegering, D., & Nygard, K. E. 2010. Agent-Oriented
Designs for a Self Healing Smart Grid. In 2010 First IEEE
Int'l Conf. on Smart Grid Communications, 461-466.

[5] Chalkiadakis, G., Robu, V, Kota, R, Rogers, A., &
Jennings, N. R. 2011. Cooperatives of distributed energy
resources for efficient virtual power plants. In The 10th
International Conference on Autonomous Agents and
Multiagent Systems.

[6] Zambonelli, F, Jennings, N. R, & Wooldridge, M. 2003.
Developing Multiagent Systems: The Gaia Methodology.
ACM Transactions on Software Engineering and
Methodology (TOSEM), 12, 3, 317-370.

[7] Padgham, L., & Winikoff, M. 2003. Prometheus: A
methodology for developing intelligent agents. Agent-
oriented software engineering III, 2585, 174-185

[8] Bresciani, P, Perini, A., Giorgini, P, Giunchiglia, F, &
Mylopoulos, J. 2004. Tropos: An Agent-Oriented Software
Development Methodology. Autonomous Agents and
Multi-Agent Systems, 8, 3, 203-236.

[9] Colman, A. 2006. Role oriented adaptive design.
October. Swinburne University of Technology.

[10] Kim, H. S., & Lee, S. W. 2013. Role-Based Command
Hierarchy Model for Warfare Simulation. International
Journal of Simulation Modelling, 12, 4, 252-263

[11] Chalkiadakis et al. “Cooperatives of distributed energy
resources for efficient virtual power plants.” In The 10t
International Conference on Autonomous Agents and
Multiagent Systems, 2011.




Rl




	A Modeling Method to Develop �Goal Oriented Adaptive Agents�in Modeling and Simulation for Smart Grids
	Outlines
	Introduction (1/3)
	Introduction (2/3)
	Introduction (3/3)
	Related Work
	Application Domain
	GoABMS Framework (1/6)
	GoABMS Framework (2/6)
	GoABMS Framework (3/6)
	GoABMS Framework (4/6)
	GoABMS Framework (5/6)
	GoABMS Framework (6/6)
	GOA Model (1/3)
	GOA Model (2/3)
	GOA Model (3/3)
	Case Study (1/4)
	Case Study (2/4)
	Case Study (3/4)
	Case Study (4/4)
	Conclusion and Discussion
	References
	Slide Number 23

