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Executive Summary

The state-of-the-art in economic-aware Grid architecture had been analyzed in
deliverable D3.1 of the GridEcon project. This report, D3.3, is aimed at providing a
solid foundation for the software devel opment process.

This report is aimed at providing the description of the technologies used to develop
the GridEcon Platform, as well as the specification of the economics-aware
components that make up the Platform. These components can be categorized into
two groups: the implemented services and the not implemented services. The
implemented services consist of those services that were implemented within the
course of the project and are considered most important for the workings of a market
for commoditized computing resources. Those services are the Workflow Engine, the
Marketplace Service, the Insurance Broker, the Fixed Price Quotation Broker, the
Capacity Planner and the Monitor. The not implemented services consist of the Price
Comparison Broker, the Trust Broker, the Software Broker, the Pricing Service, the
Service Level Agreement Service, the SLA Workflow Broker and the Portfolio
Broker. Together, all services enable the Grid user to use the Grid market more
efficiently and thus ensure that the user is able to make an informed purchasing
decision, even if the user has little or no Grid expertise. All specified services are
summarized at the end of the document to simplify the development process and to
give an overview of all services.
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List of Abbreviations

Abbreviation Explanation

AMS Application Market Service

COR Classes of Reservation

DAG Directed Acyclic Graph

GRB Grid Resource Broker

HPC High Performance Computing

HPCC High Performance Computing Center
PC Personal Computer

QoS Quality of Service

R&D Research & Development

SaaS Software-as-a-Service

SLA Service Level Agreement

SLO Service Level Objective

SME Small and Medium-Sized Businesses
TCO Total Cost of Ownership

UCC Utility Computing Cycles

XML Extensible Markup Language
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1 Therole of Work package 3 and Deliverable D3.3 in
the GridEcon project

1.1 Introduction

The state-of-the-art of Grid resource markets has been analyzed in the deliverables
D1.1 and D3.1 of the GridEcon consortium. The latter has evaluated the existing Grid
middlewares for their usability in resource markets as well. Based on these results, the
development of GridEcon prototypes for compute resources has taken place.

This report is aimed at providing a foundation for the development process and
specifications of the entities and services that make up this market. The al'so provides
support for the requirements engineering process.

The process used in this report will follow these steps. Firstly, the consumer
requirements of the Grid market and the consumer expectations towards it will be
described. Thisis based on the two abstract scenarios of D3.1: The Utility Computing
scenario and the Software-as-a-Service scenario.

In the following section, the GridEcon Testbed is described. This section focuses on
the reasoning as to why some services were implemented, while others were not. It
also describes the decisions that were made with regards to the technical details.
Furthermore, the communications protocol is described in detail in this section.

The following section then specifies al economic-aware services in detail. These
services are grouped into two categories. Implemented services and not-implemented
services. All services are specified with use cases and sequence diagrams. The full
specification is then summarized at the end of this section in Table 2.

Thus, the document provides the following information:

Analysis of the consumer requirements

Description of the reference architecture

A description of the GridEcon Testbed and the technology used to redlize it
A description of the communication protocol used in the GridEcon Testbed
A full specification of al implemented and not implemented services
Detailed summary of al results which is needed to for implementation tasks

1.2 Input/ Dependencies
This deliverable depends on the following work packages and deliverables.

Work Package Deliverable Remarks

Deliverable D2.2 (Economic This deliverable provi des
i the market mechanism
Modeling Report.)

which isto be devel oped.

WP2
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This deliverable provides

WP3 Deliverable D3.1 (Grid the selection of economic
Component Specification Report.)  components that are to be
developed.
Deliverable D3.2 (Grid This deliverables provides
WP3 Component Design Interim aninitial design of the
Report) market services.
This deliverable provides
. . feedback from the
WP4 Deliverable D4.2 (Economic- implementation process

Aware Grid Component Software) o\ vic \eoqin the final

deliverable D3.2.

1.3 Output / Handovers

The outcome of this deliverable is a detailed analysis of consumers, interaction
between users and services that are required to operate a Grid market. In addition, a
number of use cases from which the requirements can be determined has been
developed.

The output of the deliverable is used in the following deliverables/ work packages:

Work Package Deliverable Remarks

This deliverable provides
the entities and
interactions between
entities which are vital to
the GridEcon Testbed.

Deliverable D4.2 (Economic-

W4 Aware Grid Component Software)

IST — 033634 GRIDECON 8
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2 User Requirements

2.1 Introduction

This section will first develop a foundation for this deliverable by recalling the
reference architecture and two abstract scenarios that have been described in detail in
previous deliverables. It then goes on to defining the various users of the market and
the services that must be offered. The section concludes by analyzing the benefits of
the consumers and the expectations they have towards the Grid market.

General reference architecture

The general reference architecture, which has been introduced in deliverable D3.1, is
the basis for the design of the economic-aware services. It outlines the major
economics-aware services, in addition to outlining the major services of the Grid
market. The reference architectureis shown in figure 2.1-1:

Consumers

Capacity Planner Insurance Broker

EconomicstAware Services

y

Y

Risk Broker Workflow Broker Porifolio Broker

i Marketplace o

Software Services Information Services Hardware Services

Service Providers

Figure 1. GridEcon Reference Architecture
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This architecture shows the important stakeholders of the market. These include
different consumers and service providers. It should be noted that any company can
act as a resource consumer and as a service provider during different time periods.
The rationale for this change of roles is that companies may have sufficient resources
to cover their average demand. However, in times of low demand, a company would
be able to sall resources on the Grid and thereby act as a resource provider. During
times of high demand, on the other hand, the company would have to purchase
additional Grid resourcesto run all applications at the required QoS.

The architecture also shows a number of services that have been identified, which will
be further specified in the next sections of this deliverable.

Abstract scenarios

Two abstract scenarios have been developed in deliverable D3.1,utility computing and
Software-as-a-Service (SaaS), will be summarized briefly in this section.

The paradigm of utility computing supports the execution of any application (i.e. HPC
workflows, paralel applications, or simple sequential application, such as Web
servers) which is run on rented resources. Any end-user can get access to any kind of
computational resource, ranging from supercomputers, which provide large
computing power reliably, to single PCs. In each of these cases, the Grid offers the
mechanisms for deployment and execution (e.g. automatic deployment, execution
monitoring, workflow management). Utility computing can be seen as the commercial
counterpart to Grid computing: whereas Grid computing can also be performed on a
non-commercia basis (SETI@Home, for example), utility computing always has a
commercia basis. In thisdeliverable, we will use the terms Grid computing and utility
computing interchangeably.

There are a number of advantages of utility computing. Firstly, different Grid systems
that provide utility computing can perform load balancing amongst each other, thus
ensuring that the capacity of the Grid is used to the highest extent possible. Secondly,
utility computing implies that computational power is always present (It is unlikely
that al single Grid systems will fail at the same time). Furthermore, the operation of
the Grid is transparent, meaning that the user is not aware of the fact that the
application is running on a Grid environment. All these advantages do not only enable
scientific discovery but also allow commercial customers to use the power of such a
Grid to solve their problems quickly and efficiently.

Software as a service (SaaS) is a software application delivery model where a
software vendor develops a web-native software application and hosts and operates
(either independently or through athird-party) the application for use by its customers
over the Internet. The paradigm of Software-as-a-Service (SaaS) supports the idea of
selling access to applications. Instead of having to purchase the software, the user
only pays for the right to use the software at a remote server. This reduces the cost of
ownership for the user and will thus give the user a competitive advantage.

IST — 033634 GRIDECON 10
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For software owners, this model also has a number of advantages. Firstly, they no
longer need to be concerned with license agreement violations, which are common
when software is installed on the customer’s computer. Secondly, since customers pay
only for their usage, small users who would otherwise not be able to afford buying the
software can now purchase units of usage of the software. These additional customers
will increase the income for the software owner and thus contribute to higher profits
from software development. However, for the discussion of the functional
requirements of Software-as-a-Service, the following third reason is the most
important one. Since the software owners can use the Grid to run the software, they do
not need to own the resources themselves. Instead, they can reserve a set of resources
for along time period and, should more resources be needed, the software owner can
buy additional Grid resources on demand. This degree of flexibility cannot be
achieved anywhere else and should make the Grid an attractive alternative to buying
resources and having to maintain them.

2.2 ldentification of Stakeholders

As described in D1.2, Grid computing can be enabled in many areas of business.
These may include research and financia institutions, small and medium-sized
businesses (SMEs), governments, universities, and various types of companies and
industries. Independently of the area of business, there exist two types of playersin a
Grid environment: the consumer and the provider of grid resources. Depending of the
type of business these roles can be interchangeable, meaning that there exist Grid
environments where providers can be also consumers and vice versa.

The general requirements for the consumers of grid resources can be summarized as
follows:

e Virtualization of grid resources

On-demand allocation of grid resources

Computing power for computationally intense or specialized applications

Easily scalable acquired resources

Minimum risk of non-availability of resources

Trusted financial transactions between buyers and sellers

Service differentiation

The general requirements for the providers of grid resources can be summarized as
follows:

o Efficient allocation of resources

Minimum loss from inactive resources

Profit maximization

On-demand change of resources available to the grid environment

Trusted financial transactions between buyers and sellers

Resource differentiation

IST — 033634 GRIDECON 11
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3 The GridEcon Testbed

31 The GridEcon Testbed

Thediagram in
Figure 2 showcases the main architecture of the GridEcon Test Bed that we are going
to implement. This architecture is based on the original 4 levels as described in D3.1
& D3.2 (Resources, Basic Resource Services, Composite Resource Services and
Users and Applications). However, this diagram we believe gives more concrete
information regarding how these services can be implemented.

With this architecture, the project aimsto achieve three goals:

e Development of atest bed, the “ GridEcon Test Bed for Economic Models”

e Development of the major market components

e Simulations for validating market behavior, economic models of individual
components, as well asthe overall system

The test bed is the basis for all other implementation efforts in GridEcon. It consists
of the interfaces for each of the components and the communication protocol which
defines how these components communicate and defines the messages that can be
sent. The GridEcon Test Bed offers both GridEcon and other Grid projects a
standardized platform in which to test their Grid market components. These only have
to comply with the defined interfaces and can then be seamlessly integrated into the
architecture.

The tasks for the devel opment of the test bed are:

e Definition of interfaces for all the market components shown in

e Figure2.

o Definition of the communication protocol: This task is more complex due to the
additional research required. In particular, ontologies and taxonomies for compute
resources need to be analyzed and adapted to suit the needs of GridEcon.
Furthermore, the messages that can be sent between entities have to be defined.

We will first describe the entities that make up the market, and then show the overall
structure of how these entities are related. Each of these components is provided in
detail in subsequent sections, but a high level view of their functionality is required in
order to better understand the overall GridEcon architecture.

Entity Description

The Fixed Price Quotation Broker provides an insurance against
changing prices. Should a user see resources for an acceptable price
but is not interested in buying them at this time, he can choose to
contact the Fixed Price Quotation Broker for a contract which will
guarantee the resources at the acceptable price.

Fixed Price
Quotation Broker

IST — 033634 GRIDECON 12
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Entity

Description

Capacity Planner

The Capacity Planner is a decision support system. It helps the user
to determine if it is economically sound to purchase resources on the
grid or not. This advice can be based on past Grid usage and on
current resource prices for in-house resources.

Furthermore, the Capacity Planner can aso help when the user is
moving from in-house resources to grid resources in determining
what types of resources will be needed.

Insurance Broker

The Insurance Broker sells guarantees against failing resources. To
calculate the premium, it uses past behavior data collected by the
Trust Broker.

Workflow Engine

The Workflow Engine is responsible for executing the appropriate
workflow according to the user requirements. Once the appropriate
workflow has been selected, it ensures that all communication
between the required components/services is executed as defined in
the workflow.

Execution Engine

The Execution Engine is responsible for the actual execution of the
users application once the resources have been alocated. Different
execution engines can be implemented for different Grid
infrastructures, but for the purposes of the project a single execution
engine will be implemented on top of Amazon Web Services.

Monitor

The Monitor is responsible for monitoring the workflow as well as
the resource performance. In the case of resource failure, the
Monitor can contact the Insurance Broker or the User who can then
take corrective action.

Market Place

The Market Place provides an environment for trading different
compute resources and performs matching operations for searches of
available resources.

The market includes a spot market and a future market. The kinds of
market mechanism to be implemented depend on the market
structure assumed (see description on scenarios).The Market Place
must fulfill the following functions: authentication of traders,
monitoring, billing stack, account settling and arbitration.

Contracts made in this market have the following parameters: length
of contract, start time, price, QoS (type of resource), quantity.

Table 1: GridEcon Test Bed Components

Figure 2 below shows the structure of the reference implementation. The different
components can be split up into 4 main groups, each group consisting of a number of
the abovementioned components. More specifically these groups are:

e Market Place group
This group contains the actual market place and the providers of resources.
The main intention of this group is to provide an open market for trading

resources

IST — 033634 GRIDECON
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The Workflow group

This group consists of the Workflow Engine, the execution engine and the
monitoring. These components facilitate the submission of request and bids
from users to the marketplace and the execution, monitoring and serving in
genera of the offers accepted.

The Added-Services group

This group includes the risk, insurance and trust brokers. These components
are required to provide services to the GridEcon test bed that can sustain a
viable commercia implementation of the test bed.

The User group

This includes the actual user and the capacity planner. The user submits
through standard interfaces his requirements and with the assistance of the
capacity planner, is able to acquire resources from the GridEcon test bed.

The classification and of the above groups and the separation of functionality in
different components allows the GridEcon test bed to be open and customizable. This
way, different economic and business models can be tested by substituting only a

subset

of these components with different implementation, while the remaining

infrastructure remains unchanged.

5 Added-Services

Risk Broker

Insurance Broker

O

Workflow Group

Workflow Broker

Execution Engine

2

Monitor

Figure 2: GridEcon Testbed
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Selection of Implemented Services

The Marketplace Service provides a platform for trading software-, information- and
hardware services and is therefore at the heart the GridEcon work. Without it, the
trading of any kind of service would not be possible. Furthermore, the Marketplace
Service also serves as a proof-of-concept that the entire Testbed is sufficiently flexible
to alow the use of different market mechanisms.

The Insurance Broker offers insurance contracts against problems that can arise in a
Grid. This component is vital, since it allows Grid users to protect themselves against
adverse events, such as non-delivery of resources. By providing a service which
offsets the risks of using Grid resources, the Insurance Broker can lower the barriers
of entry.

The Workflow Engine facilitates the coordination and communication between
different components in the GridEcon Testbed. This component was judged to be
vital, since it helps to run tests within the GridEcon Testbed, orchestrating the use of
the different services. It thereby hides the underlying system complexity (i.e. complex
components and the interactions between them) from end users.

The Fixed-Price Quotation Broker provides the resource user with stable prices for
Grid resources in an environment of fluctuating prices. The importance of this
component can be seen when considering highly volatile markets, similar to
electricity or commodity markets. By providing futures and options, the Fixed-Price
Quotation Broker gives Grid users the opportunity to purchase resources far in
advance of the actual usage, thereby avoiding the risk of paying high prices.

The task of the Capacity Planning Service is to assist Grid users in determining their
resource requirements. This component is vital, since deciding which resource(s) are
suitable for a given set of applicationsis difficult. The decision depends on

¢ How long the resources will be needed
¢ What type of resources will be needed
¢ Thetota costs associated with using Grid and in-house resources

Especidly the last point must be considered, as we have been able to show that using
Grid resources in the long term can be more expensive than using in-house resources

[1].

The Monitoring Service monitors the resource usage for billing and accounting
purposes. This component alows middlewares to collect real-time monitoring
information so that they can adapt resource allocations. Furthermore, providers can
use the collected information for accounting purposes.

The Execution Engine provides an interface to enable other components to start, stop

and monitor applications. It is vital so that the Marketplace can start and stop
applications on behalf of the user.

IST — 033634 GRIDECON 15
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Selection of Not-Implemented Services

The Software Broker helps the user to find applications which match the user’s
requirements. The component is less important, since we are focusing on hardware
resources.

The Pricing Service helps the resource provider to determine a realistic price for a
given resource. This component is not essential, since providers can use the past
prices as aguideline.

The Service Level Agreement Service helps the resource consumer to negotiate a
SLA with the resource provider. The component is not essential, since at the moment,
SLAs are not used.

Price Comparison Broker helps the resource consumer and other components to
determine which resource is the cheapest. This component will be important only
when different pricing structures are used.

The Portfolio Broker helps resource consumers to diversify their purchases according
to failure risks of resources. This component will become important only once
multiple providers with different reliability levels exist.

Implementation Details

The Gridecon Testbed is based on popular open source tools and packages to
minimize the cost for developers and to alow better dissemination and wider uptake
by the research and technology community. The initial environment comprises of the
following choices:

e Development language — English

e Source code repository — Subversion running on the GridEcon Web server,
and will later on be migrated into an open source management environment
(such as SourceForge)

Programming language / development kit - Java SE SDK version 6.1

Mule ESB — Enterprise Service Bus

Web server - Apache HTTP Server version 2.2.4

Apache Axis2 Web services engine

J2EE container - Apache Tomcat 5.x

WSRF modeling and managing state

Build Scripting - Ant version 1.7.0

Database - MySgl 5.1 Community Server Edition

GUI interfaces based on OpenLaszlo

Inversion of Control Framework — Spring

Scheduling Framework - Quartz

Unit testing — Junit

Documentation — JavaDoc

IST — 033634 GRIDECON 16
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All components will be bundled as WAR files for deployment in Java Application
Servers or as AAR filesfor deployment in Axis2 Web Services framework.

Standard IDEs like Eclipse and Netbeans will be used for the development. The
source code will be accompanied with the external dependencies and required
documentation in order to build, test and runiit.

The databases will be described by standard SQL scripts and it is expected that it will
be very easy to migrate them from one server to another.

Each component will be individually tested using JUnit. On top of this a System
Testbed will also be developed in order to be able to quickly validate the proper
operation of the system as awhole.

General Use Case

The following Use Case diagram illustrates the basic operation of the GridEcon
system. It provides the overview of what GridEcon envisions to provide, which is a
platform for executing applications and services through an economic-aware Grid
infrastructure offered by different software and Grid providers. The user (through a
User Interface) will be able to buy/sell resources in the Market Place. The Workflow
Engine is the component that facilitates all user requirements (through appropriate
coordination of communication between the different GridEcon components). The
remaining components such as Capacity Planner, Execution/Monitor, Risk and
Insurance Broker offer additional services to the user and providers respectfully.

IST — 033634 GRIDECON 17
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X X

Capacity Planner Execution/Monitor

X
o P9

Workflow Engine Resource Provider Fixed Price
Quotation Broker

Market Place

-

Actions of Users

The following table summarizes how the entities interact with the services. It shows
their actions, the response they get from the economic-enhanced Grid and the uses of
these responses.

Figure 3: Basic Operation

Functionality | Action Output data Use of Output data
Consumer of The Consumer The Consumer Makes purchasing
hardware requests getsaprice offer | decision based on the
resources guaranteed for the guaranteed | price
computational service
power
Software Makes software Provides semantic | Software Broker(s)
Vendor application description of use the service
available to the software service description to
market and its determineits
requirements to relevance to their
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set of resource

Software customers
Broker(s)
Software The Software The Software User can iteratively
Broker Broker acceptsa | Broker outputsa | refine requirementsto
set of list of software filter out software
requirements from | services which providers
the user comply with the
requirements
Insurance The Insurance The Insurance The party asking for
Broker Broker accepts Broker offersan insurance decides,
detailsof a insurance against | based on the cost,
proposed contract | various adverse whether to purchase
and calculates risk | outcomes insurance
of breech of
contract
Workflow The Workflow The Workflow User can make
Engine Engine acceptsa | Engine outputsthe | purchasing decision

current pricesfor

based on

requirements from | theuser’s price/availability of
the user and requirements resources
compares them to
static and
dynamic resource
information
Grid Resource | The Grid The provider The Broker uses
Provider Resource Provider | outputs resource resource
makes available | characteristicsand | characteristics and
resource pricing detailsto | pricing to determine a
the Market Place | match to the customer
requirements
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3.2 Design of the Communications Protocol

As aready mentioned, we decided to go for the SOA approach and use the Mule ESB.
Thiswill alow us to have seamless communication between the different components
and will not require the use of building registry components. Mule has been chosen
since it is considered one of the most advanced and stable ESB implementations and
is Open Source, which will allow our Testbed to be used by other parties as well
(maximizing the dissemination levels of GridEcon). It also has the largest user base
and this will allow our GridEcon Test Bed to be used by the open source community.
Some of the features offered by Mule that have influenced our decision are:

o J2EE 1.4 Enterprise Service Bus (ESB) and Messaging broker

e Pluggable connectivity such as JMS (1.0.2b and 1.1), VM (embedded), JDBC,
TCP, UDP, multicast, http, servliet, SMTP, POP3, file, XM PP.

e JBI Integration.

e Support for asynchronous, synchronous and request-response event processing
over any transport.

o Web Servicesusing XFire (STaX-based) Axis or Glue.

e Fexible deployment Topologies including Client/Server, Peer-to-Peer, ESB
and Enterprise Service Network.

e End-to-End support for routing, transport and transformation of events.

e Spring framework Integration. Can be used as the ESB container and Mule can
be easily embedded into Spring applications.

e REST API to provide technology agnostic and language neutral web based
access to Mule Events

e Non-Intrusive approach. Any object can be managed by the ESB container.

e Powerful Application Integration framework

e Fully extensible development model

The communication between the GridEcon components in the Testbed will be through
SOAP messages, since all implementations of the components will be exposed as web
services. This, in combination with the ESB, will alow all components to seamlessly
communicate and provide substitutability of all components for future development. It
also alows the development of the components and the information flow to be
separated. The actual implementation of the components in the GridEcon Testbed and
the complexity of the algorithms they use is hidden from the overall architecture and
can be further developed by different entities after the end of the project. As long as
these components implement the well defined interfaces of the components, as these
will be described and published at the end of the project, the GridEcon Testbed can
function as designed. All of our interfaces will be published as documented APIs
accompanied by the WSDL definition.

In the
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Appendix A an example of such a WSDL definition is given for the MarketPlace
component. This definition is given as an example and must not be considered final,
since all GridEcon components will be further developed and refined until the end of
the project, when they will be officially published and documented.

In this example we can see the defined elements, messages and operations defined for
the component, which all implementation of the component must follow in order to
allow other components to communicate with it. In order to better understand the
above, lets see one specific operation and how this is defined through the appropriate
message and element. In Figure 4 we see the definition of one of the operations of the
MarketPlace component, that of submitting a bid. The operation defines the input and
output of the method, in which in our case, the input is defined as a
submitBidRequestM essage.

<wsdl: operation name="submitBid">
<wsdl:input name="submitBidRequestMessage"
message="impl: submitBidRequestMessage" />
<wsdl: output name="submitBidResponseMessage"
message="impl:submitBidResponseMessage” />
</wsdl: operation>

Figure 4: submitBid Operation

In Figure 5 we see the definition of the abovementioned message, also provided inside
the WSDL file, which states that an submitBidRequest e ement is expected.

<wsdl: message name="submitBidRegquestMessage" >
<wsdl:part name="input" element="impl:submitBidRequest" />
</wsdl: message>
Figure5: submitBidRequestM essage M essage

Finally, in Figure 6 we see the definition of the submitBidRequest element. Thisis a
complex element, combining of different elements such as bidderld, resourceTypeld
etc, aong with their element type. The precise definition of each of these elements
and aso their functionality, aong with the functionality of the different operations
and the service itself will be provided as an APl documentation at the end of the
project.

<xsd: element name="submitBidRequest">
<xsd: complexType>
<xsd: sequence>
<xsd: element name="bidderld" type="xsd:string" />
<xsd: element name="resourceTypeld" type="xsd:string" />
<xsd: element name="quantity" type="xsd:int" />
<xsd: element name="startTime" type="xsd:dateTime" minOccurs="0"
nillable="true" />
<xsd: element name="duration" type="xsd:int" />
<xsd: element name="price" type="xsd:double" />
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<xsd: element name="expirationTime" type="xsd: dateTime"
minOccurs="0" nillable="true" />
</xsd: sequence>
</xsd: complexType>
</xsd: element>
Figure 6: submitBidRequest Element

3.3 Workflow Engine

The Workflow Engine is a component designed for GridEcon to facilitate the
coordination and communication between the different participants (system
components) in the Gridecon framework. It enables us to hide the underlying system
complexity (complex components and the interactions between them) from end users
and thus makes our system easier to work with. It is a specification driven system. By
“gpecification driven system”, we mean that our system components will behave
differently according to different specifications that are fed to it. This idea actually
comes from multi-agent concept. This sort of system design significantly reduces the
effort required for the system development life cycle (i.e. future system development
such as adding new workflows is made much simpler). Also, because different
markets have totally different market mechanisms, our system should be designed in a
fashion that enables us to adopt as many as market mechanisms as possible. In the
other words, our system should be independent on any of specific market mechanism.
Specification driven system isjust well suitable for this purpose.

Thewhole system ar chitecture for the Workflow Engineis shown in
Figure 7.

GridEcon Component
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Figure7: System architecturefor Workflow Engine

In our system architecture, Workflow Engine sits between all the other GridEcon
components and it is made of groups of agents. Each agent conceptually represents a
GridEcon component, namely, marketplace, execution engine etc. Each of
components is made public to others through a web service that provides specific
functions. Agents communicate with each other to handle interaction between the
components based on different market mechanisms. The interaction between agents
inside the Workflow Engine represents the coordination of GridEcon components.
How do these agents interact is specified in a pre-defined interaction protocol
(workflow specification). The language that we use to describe our workflow
interaction is lightweight coordination calculus (LCC).

Lightweight Coordination Calculus

The Lightweight Coordination Calculus (LCC) is a language for representing
coordination between distributed agents. In a multi-agent system the speech acts
conveying information between agents are performed only by sending and receiving
messages. For example, suppose a dialogue allows an agent a(rl,al) to send a
message m1 to agent a(r2,a2) and agent a(r2,a2) is expected to reply with message m2.
Assuming each agent operates sequentially, the sets of possible dialogue sequences
we wish to alow for the two agents in the example are as given below, where
M1=>A1 denotes amessage, M1, send to Al, and M2 <= A2 denotes a message, M2,
received from A2.

a(rl, al) :: (ml=> a(r2; a2) then m2 <=a(r2; a2))

a(r2,a2) .. (ml<=a(rl; al) thenm2=> a(rl; al))

Any agent can change its role according to the definition of the dialogue:

a(rl, al) :: ml=> a(r2; a2) then a(r3; al)
a(r3,ID) :: m2 => a(r4; a3) thenm3 <= a(r4,; al3)

IST — 033634 GRIDECON 23



WP3 — D3.3: Grid Component Design Final

The above clause means that agent al takesthe role of rl initially and after sending a
message m1l to agent a(r2,a2), it changesits role to r3 and then takes the appropriate
behaviours that are defined for a(r3,I1D). This capability of LCC is very important for
the work for GridEcon.

We refer to this definition of the message passing behavior of the dialogue as the
dialogue framework. Its syntax is as follows, where Term is a structured term and
Constant is constant symbol assumed to be unique when identifying each agent:

Framework := {Clause,...}
Clause = Agent:: Def
Agent = a(Type,id)
Def = Agent|Message|Def then Def
|Def or Def|Def par Def
Message = M = Agent|M = Agent — C
|M < Agent|M < Agent — C
C = Term|CAC|ICvC
type = Term
id = Constant
Constant = Term

A dialogue framework defines a space of possible dialogues determined by message

passing, so the protocols allow constraints to be specified on the circumstances under

which messages are sent or received. Two forms of constraints are permitted:

¢ Constraints under which message, M, is alowed to be sent to agent A. We write
M=>A<- Cto attach a constraint C to an output message.

¢ Constraints under which message, M, is alowed to be received to agent A. We
write M <=A<-C to attach a constraint C to an input message.

For the earlier example above, to constrain agent a(rl,al) to send message ml to
agent a(r2,a2) when condition c1 holdsin a(rl,al) we could write: m1=>a(r2,a2)<-cl.
Agent dialogue may also assume common knowledge, either as an inherent part of the
dialogue or generated by agents in the course of a dialogue. This knowledge could be
expressed in any form, as long as it can be understood by appropriate agents. We
recognise the importance of preserving a shared understanding of knowledge between
agents. As a dialogue protocol is shared among a group of agents it is essential that
each agent when presented with a message from that protocol can retrieve the state of
the dialogue relevant to it and to that message. Pulling all the above elements together,
we describe a LCC dialogue protocol as the term:

protocol (S, F,K)
Where S is the dialogue state; F is the dialogue framework sets of dialogue clauses);

and K is a set of axioms defining common knowledge assumed among the agents.

Agent Internal Design

Based on L CC, agentsinside Workflow Engineinternally have threelayersas shown in
Figure 8.
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