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••A Market in ServicesA Market in Services
•• ““A Market for Computational ServicesA Market for Computational Services””
projectproject

–– Next generation service WebNext generation service Web

–– NegotiationNegotiation

–– PaymentPayment

•• ExemplarsExemplars



A Market in ServicesA Market in ServicesA Market in ServicesA Market in ServicesA Market in ServicesA Market in ServicesA Market in ServicesA Market in Services

•• Existing modelExisting modelExisting modelExisting modelExisting modelExisting modelExisting modelExisting model

–– Static markets in execution and softwareStatic markets in execution and softwareStatic markets in execution and softwareStatic markets in execution and softwareStatic markets in execution and softwareStatic markets in execution and softwareStatic markets in execution and softwareStatic markets in execution and software

Organisation Organisation AA OrganisationOrganisation BB
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SPARC resource
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A Market in ServicesA Market in ServicesA Market in ServicesA Market in ServicesA Market in ServicesA Market in ServicesA Market in ServicesA Market in Services

DecouplingDecoupling

SpecialisationSpecialisation

InnovationInnovation



A Market for Computational ServicesA Market for Computational ServicesA Market for Computational ServicesA Market for Computational ServicesA Market for Computational ServicesA Market for Computational ServicesA Market for Computational ServicesA Market for Computational Services

A Project in the eA Project in the eA Project in the eA Project in the eA Project in the eA Project in the eA Project in the eA Project in the e--------Science Core Technology Science Core Technology Science Core Technology Science Core Technology Science Core Technology Science Core Technology Science Core Technology Science Core Technology 
ProgrammeProgrammeProgrammeProgrammeProgrammeProgrammeProgrammeProgramme



Next Generation Service WebNext Generation Service WebNext Generation Service WebNext Generation Service WebNext Generation Service WebNext Generation Service WebNext Generation Service WebNext Generation Service Web

Easy-to-use Encapsulated (Complex) MethodsEasy-to-use Encapsulated (Complex) Methods

e-Science + Web Services + Pay-per-Usee-Science + Web Services + Pay-per-Use

• Encapsulated

• Composable

• “Mobile”

• Encapsulated

• Composable

• “Mobile”

Public Web Market in Consumer ServicesPublic Web Market in Consumer Services

• Use on Demand

• Pay per Use

•Micro-payment

• Use on Demand

• Pay per Use

•Micro-payment



Next Generation Service WebNext Generation Service WebNext Generation Service WebNext Generation Service WebNext Generation Service WebNext Generation Service WebNext Generation Service WebNext Generation Service Web

• Transparent Mapping of ExecutionTransparent Mapping of ExecutionTransparent Mapping of ExecutionTransparent Mapping of Execution
–Computational Platforms Computational Platforms Computational Platforms Computational Platforms 
Substitutable

–Execution aExecution aExecution aExecution a Tradable Commodity

–AAAAMarket

• Enables Utility Computing



Anatomy of Service WebAnatomy of Service WebAnatomy of Service WebAnatomy of Service WebAnatomy of Service WebAnatomy of Service WebAnatomy of Service WebAnatomy of Service Web

Utility ComputingUtility Computing

UsersUsers

Software / HardwareSoftware / Hardware
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Challenges within a Service MarketChallenges within a Service MarketChallenges within a Service MarketChallenges within a Service MarketChallenges within a Service MarketChallenges within a Service MarketChallenges within a Service MarketChallenges within a Service Market

•• Brokering a solution to many problemsBrokering a solution to many problems

•• As a trusted 3As a trusted 3rdrd party a broker can act as an party a broker can act as an 
interface between two parties who do not know interface between two parties who do not know 
each other.each other.

Software Provider Execution Provider

Consumer

Broker



Challenges within a Service MarketChallenges within a Service MarketChallenges within a Service MarketChallenges within a Service MarketChallenges within a Service MarketChallenges within a Service MarketChallenges within a Service MarketChallenges within a Service Market

•• PaymentPayment

•• Service advertisement / discoveryService advertisement / discovery

•• Asymmetric informationAsymmetric information
–– Difficult for buyers to assess the value of a Difficult for buyers to assess the value of a 
service so quality of goods is forced down service so quality of goods is forced down ––
AkerlofAkerlof’’ss Lemons HypothesisLemons Hypothesis

•• Software and hardware resource Software and hardware resource 
pricingpricing



A Market for Computational ServicesA Market for Computational ServicesA Market for Computational ServicesA Market for Computational ServicesA Market for Computational ServicesA Market for Computational ServicesA Market for Computational ServicesA Market for Computational Services

•• JAXJAX--RPC compliant Java J2EE Web ServicesRPC compliant Java J2EE Web Services

•• Core services:Core services:
–– LeSC Grid Market ToolkitLeSC Grid Market Toolkit

•• Negotiation framework and APINegotiation framework and API

•• Payment Web Service including Payment Web Service including PayPalPayPal integration and integration and 
clientclient--side payment APIside payment API

–– Resource Usage Web ServiceResource Usage Web Service

•• Exemplars:Exemplars:
–– PayPay--perper--use service market computinguse service market computing

–– GEODISE design optimisationGEODISE design optimisation

–– Chargeable telescope brokeringChargeable telescope brokering

–– BrowserBrowser--based negotiation and payment based negotiation and payment portletportlet



Meshing FunctionalityMeshing Functionality

MeshingServiceMeshingServiceMeshingService

MeshingPortTypeMeshingPortType

The set of domain-
specific negotiable 
terms for the type of 

service

The set of domain-
specific negotiable 
terms for the type of 

service

MATLABMATLAB

ClientsClientsClients

Invoke meshing operation

Meshing FunctionalityMeshing Functionality

ChargeableMeshingServiceChargeableMeshingServiceChargeableMeshingService

MeshingPortTypeMeshingPortType

Making a J2EE Web Service 
chargeablechargeablechargeablechargeable

Follows development 
guideline and use the 
Negotiation / Assertion 

API

MATLABMATLAB

ClientsClientsClients

NegotiationPortTypeNegotiationPortType

Payment APIPayment API

Negotiation APINegotiation API

PaymentServicePaymentServicePaymentService

PaymentPortTypePaymentPortType

Validate user presented payment 

token

Payment BlackboxPayment Blackbox

Client-side Negotiation APIClient-side Negotiation API

Payment APIPayment API

Authorise payment -

create token

Propose /  Commit
Invoke meshing operation 

carrying payment token in 

header

Enabling existing services for Enabling existing services for Enabling existing services for Enabling existing services for Enabling existing services for Enabling existing services for Enabling existing services for Enabling existing services for 
negotiation and paymentnegotiation and paymentnegotiation and paymentnegotiation and paymentnegotiation and paymentnegotiation and paymentnegotiation and paymentnegotiation and payment



NegotiationNegotiationNegotiationNegotiationNegotiationNegotiationNegotiationNegotiation

•• Why negotiate?Why negotiate?
–– Different services represent different value to Different services represent different value to 
different usersdifferent users

–– Process of agreeing on a price and the operating Process of agreeing on a price and the operating 
range of parametersrange of parameters

•• What we have developed?What we have developed?
–– Protocol for representing a negotiation session Protocol for representing a negotiation session 
and expressing requirementsand expressing requirements

–– NegotiationPortTypeNegotiationPortType to make an existing to make an existing 
service negotiableservice negotiable



NegotiationNegotiationNegotiationNegotiationNegotiationNegotiationNegotiationNegotiation

NegotiationPortType NegotiationPortType NegotiationPortType NegotiationPortType NegotiationPortType NegotiationPortType NegotiationPortType NegotiationPortType BusinessPortTypeBusinessPortTypeBusinessPortTypeBusinessPortTypeBusinessPortTypeBusinessPortTypeBusinessPortTypeBusinessPortTypeUser / 

Client 

Agent

I would like to apply 
compression to 2000 
images. The quality 
I want is high. The 
resulting images 
would have size > 
800x600

Contact negotiation port type to obtain 
negotiable terms

I’m a pay-per-bundle service. I can 
negotiate on quality, width and 

height of image

I can only offer $15 for the proposal

I want to invoke service >= 2000 times,  width 
> 800, height > 600, quality = 60-80

Satisfied

Commit

Authorisation token containing 
signed agreement terms

Call business function carrying 
authorisation token Perform business

function

Check token is genuine

Perform business task and return 
result

I can offer width=800, height=600 for 
2000 invocations for $20

Time expired 
session

Express internal constraint to 
negotiation engine



Payment ServicePayment ServicePayment ServicePayment ServicePayment ServicePayment ServicePayment ServicePayment Service

•• TwoTwo--phase commit protocol for phase commit protocol for 
authorisation and paymentauthorisation and payment

•• Web service port for programmatic Web service port for programmatic 
access to paaccess to payment serviceyment service

•• ClientClient--side library to enable new and side library to enable new and 
existing services for chargingexisting services for charging

•• Integrated with Integrated with PayPalPayPal by Real Time by Real Time 
Engineering using Engineering using PayPalPayPal Web Services Web Services 
APIAPI



Payment ModelsPayment ModelsPayment ModelsPayment ModelsPayment ModelsPayment ModelsPayment ModelsPayment Models

•• StandardStandard
–– Payment authorised for a given amount, token Payment authorised for a given amount, token 
submitted to complete transaction for authorised submitted to complete transaction for authorised 
amount.amount.

•• Variable UsageVariable Usage
–– Payment authorised for maximum amount, Payment authorised for maximum amount, 
transaction completed for <= authorised amount. transaction completed for <= authorised amount. 
Token invalid after completion. Suited to purchase Token invalid after completion. Suited to purchase 
of execution time.of execution time.

•• Partial PaymentPartial Payment
–– Allows a given amount of money to be transferred Allows a given amount of money to be transferred 
within a given time period.within a given time period.



Payment Service OperationPayment Service OperationPayment Service OperationPayment Service OperationPayment Service OperationPayment Service OperationPayment Service OperationPayment Service Operation

Web Service 
Client

Web Service 
Client

Web Service 
(e.g. Image Processing)

Web Service 
(e.g. Image Processing)

Payment Web Service
(PaymentProviderPortType)

Payment Web Service
(PaymentProviderPortType)

Negotiation – client agrees price with 
service (may be multiple steps)

Price agreed

getAccountNumber()

Web service provider’s account number returned

User

Private Key

Create 
authoriseTransaction 
document and sign with 
user’s private key. authoriseTransaction()

authoriseTransaction response including pending transactionID
Verify that user who 
money is paid from
signed message

Create completeTransaction 
document and sign with 
user’s private key.

Private Key

Invoke service sending completeTransaction 
document Check amount and 

money is being paid 
to service account completeTransaction()

completeTransaction response
Check funds  
transfer OK

Run service
Service results and payment confirmation returned to 

client.Results displayed 
to user.



WebWebWebWebWebWebWebWeb--------based Payment Interfacebased Payment Interfacebased Payment Interfacebased Payment Interfacebased Payment Interfacebased Payment Interfacebased Payment Interfacebased Payment Interface

•• Browser interface for account Browser interface for account 
registration and informationregistration and information

–– Mutual authentication using X.509 Mutual authentication using X.509 
certificatescertificates

–– Deposit funds into accounts Deposit funds into accounts -- potential for potential for 
linking to existing payment serviceslinking to existing payment services

–– Account statement providing transaction Account statement providing transaction 
information including information including PayPalPayPal transaction transaction 
IDID



ExemplarsExemplarsExemplarsExemplarsExemplarsExemplarsExemplarsExemplars



PayPayPayPayPayPayPayPay--------perperperperperperperper--------use Software and use Software and use Software and use Software and use Software and use Software and use Software and use Software and 
Execution MarketsExecution MarketsExecution MarketsExecution MarketsExecution MarketsExecution MarketsExecution MarketsExecution Markets

UtilisingUtilising Sun Grid resourcesSun Grid resources ((www.sun.com/service/www.sun.com/service/sungridsungrid))



GEODISE Design GEODISE Design GEODISE Design GEODISE Design GEODISE Design GEODISE Design GEODISE Design GEODISE Design OptimisationOptimisationOptimisationOptimisationOptimisationOptimisationOptimisationOptimisation

•• Integration of specialist finite Integration of specialist finite 
element meshing Web Service, element meshing Web Service, 
provided through Southampton provided through Southampton 
and Swansea Universities, with and Swansea Universities, with 
payment and negotiation payment and negotiation 
frameworkframework

Chargeable Finite Element 

Meshing Web Service

Parametric Geometry

CAD Design

Web-Service ClientWeb-Service Client

Solver

Design Evaluation

Visualisation

FE Meshing 

Web-Service Provider

InternetIntranet

SOAP

Dedicated Hardware

Update optimisation

parameters

(R,D)0

(R,D)i+1

•• Engineer negotiates with service via a Engineer negotiates with service via a 
MATLAB interface. An input file defining MATLAB interface. An input file defining 
polygons is sent to the meshing Web Service polygons is sent to the meshing Web Service 
which returns a data file containing the finite which returns a data file containing the finite 
element mesh.element mesh.

•• Meshing service submits payment tokens to Meshing service submits payment tokens to 
the payment service to obtain paymentthe payment service to obtain payment



Chargeable Telescope AccessChargeable Telescope AccessChargeable Telescope AccessChargeable Telescope AccessChargeable Telescope AccessChargeable Telescope AccessChargeable Telescope AccessChargeable Telescope Access

•• Provide payProvide pay--perper--use, serviceuse, service--based access to largebased access to large--scale robotic scale robotic 
telescopestelescopes

•• Work undertaken by the Astrophysics Research Institute, Work undertaken by the Astrophysics Research Institute, 
Liverpool John Liverpool John MooresMoores UniversityUniversity

•• Negotiable, chargeable Web Negotiable, chargeable Web 
Service linked to telescope Service linked to telescope 
control software.control software.

•• User enters observation User enters observation 
requirements, negotiates requirements, negotiates 
with telescope and agrees with telescope and agrees 
access contract.access contract.

•• Telescope carries out Telescope carries out 
observation and charges observation and charges 
user via user via PayPalPayPal enabled enabled 
payment servicepayment service



PortletPortletPortletPortletPortletPortletPortletPortlet Interface for Negotiation Interface for Negotiation Interface for Negotiation Interface for Negotiation Interface for Negotiation Interface for Negotiation Interface for Negotiation Interface for Negotiation 
and Paymentand Paymentand Paymentand Paymentand Paymentand Paymentand Paymentand Payment

•• A platform independent negotiation and payment interface based A platform independent negotiation and payment interface based 
on the JSR 168 on the JSR 168 PortletPortlet Specification.Specification.

•• Work undertaken by Work undertaken by DaresburyDaresbury Laboratory.Laboratory.

•• Users can make a proposal specification, negotiate and make a Users can make a proposal specification, negotiate and make a 
final agreement through an integrated browserfinal agreement through an integrated browser--based interface.based interface.

•• Framework developed Framework developed 
against a sample Image against a sample Image 
Compression chargeable Compression chargeable 
service but can be service but can be 
modified to support any modified to support any 
service using the service using the 
negotiation and charging negotiation and charging 
tools developed within tools developed within 
the project.the project.
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