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Abstract The calculation of the Implied Volatility of stock options is a computationally ex-
pensive process which in general exceeds the resources available at a customer’s
site. Financial service providers therefore offer the required Implied Volatility
services, adapting dynamically their own resource consumption to the customer’s
demands. The success of such a business model relies on carefully negotiated
and observed Service Level Agreements between the different parties involved.
The NextGRID project, driven by the adaption of several business scenarios to
next generation Grid technologies, has designed and implemented an Implied
Volatility framework which applies dynamic negotiation ofService Level Agree-
ments to improve the existing solution. In this paper we describe the business
scenario and the different core components which we integrated to realise the
Implied Volatility framework.
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1. Introduction

The development of next generation Grid concepts and methods and the
application of business scenarios to evaluate those are twothe major research
and development areas of the NextGRID project [7]. One of thebusiness
scenarios is the calculation of Implied Volatility parameters for stock options (cf.
Section 2). Since previous experiments revealed the potential business benefits
of the application of NextGRID’s Service Level Driven Dynamics concept [8] to
this scenario, we integrated and extendedNextGRID components (cf. Section3)
to realise the NextGRID Implied Volatility Framework described in Section 4.
This framework shows some differences compared to other solutions, but offers
convincing arguments for other projects to already make useof it (cf. Section 5).
The development so far is promising and encourages future investment into
maturing the existing solution (cf. Section 6).

2. Business Scenario

2.1 An Introduction to Implied Volatility

Within the stock market, stock and stock options can be purchased. Stock
signifies an ownership position within a corporation. Options represent an
option to buy (in the case of a call option) or sell (in the caseof a put option) a
set amount of stock from/to a third party at a set price (the strike price) in the
future (the maturity date of the option). An option is purchased from the third
party and if it is profitable on the maturity date (for example, the strike price of
a call option is less than the current value of the stock, allowing the holder of
the option to buy the stock more cheaply than would otherwisebe possible) it
will be exercised - otherwise it will be left to expire.

When the stock market is open, stocks and option prices are constantly being
updated. Stock options are normally priced using the Black Scholes model.
This equation contains a volatility parameter which can notbe observed in
practice. There is a one-to-one relationship between the theoretical price of a
stock option and its volatility. Unfortunately there is no closed form solution for
implying the volatility from the stock option price. If the volatility is known,
trades can be executed to take advantage of volatility spikes. The Implied
Volatility must be calculated using a numerical method; a Newton-Raphson
iterative process is normally used, which is computationally expensive. The
peak rate of the option market is 120,000 prices per second.

2.2 Current Implementation

The current implementation of this service relies on software being deployed
on a local machine which is then hooked into a constant marketfeed. The
limitations of this service are on the number of options which can be monitored
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at any one time. As the number of options monitored increasesthe processing
power required to calculate volatility increases exponentially, rapidly exceeding
available resources.

2.3 NextGRID’s Financial Service Scenario

In the NextGRID Implied Volatility scenario there are four actors: theFi-
nancial Customer, theFinancial Provider, theCompute Provider, and theData
Provider.

Instead of the Financial Customers having the software running on a local
machine or on one supplied by the Financial Provider they will have access to a
Grid Portal where they can search for financial services (Implied Volatility being
only one such service). They may also browse what Data Feeds are available
to supply these services. When a Financial Customer selectsa service they
will be offered a choice of available SLA’s with the corresponding Financial
Provider and will then choose the most suitable. The completion of the SLA
negotiation will stimulate the Financial Provider to discover from the Grid the
necessary Compute and Data resources and set up the corresponding Service
Level Agreements (SLAs) with Compute and Data providers (see Fig. 1 for the
SLAs being negotiated between the different actors). Once all the agreements
are in place the necessary software will be deployed onto thechosen compute
resource, the chosen data resource will be connected and thesubsequent output
data stream will be supplied to the Financial Customer.
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Financial
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Figure 1. SLA relationships between parties

One essential customer requirement in the given scenario ishigh reliability,
which implies the fast and accurate response of the system tofailure. As an
example, one could imagine the failure of the (or one) resource provided by
the Compute Provider. In the current implementation this usually would mean
either significant down time or the switch over to a shadow resource which has
been mirroring the primary service. In this scenario the failure of the compute
resource will be detected and the SLA between the Financial Provider and the
Compute Provider will be breached. The Financial Provider will initially halt
the supply of the data feed, discover a new suitable compute resource, agree a
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new SLA with the new Compute Provider and deploy the software. The data
feed may then be re-started pointing at the new compute resource which will
then begin supplying the Financial Customer with the outputdata stream. From
the point of view of the customers the SLA breach will only affect them in terms
of a short delay while the Financial Provider switches Compute Providers.

The main driver for designing and implementing a framework (cf. Section 4)
to fulfil the requirements of the scenario are the business benefits for the different
actors: Financial Customers can now operate through a single access point (the
Grid Portal) with a large range of services and smaller customers have access to
a market not previously available. In case of the Financial Provider new revenue
streams are created, specialisation in providing financialservices not hardware
or data expertise is now easier, and potential penalties dueto breaching an SLA
are reduced or prevented. And also the Compute and Data Providers can create
new revenue streams because of the possibility to dynamically provide services
to new Financial Providers.

3. The NextGRID Solution to dynamic SLAs

The two core components of NextGRID’s Implied Volatility Framework are
the NextGRID SLA Frameworkand theUniversal Dynamic Activity Package
(UDAP), which are both central entities of the NextGRID architecture [8]. The
following two sections describe these components and theircontributions to the
architecture outlined in Section 4.

3.1 NextGRID SLA Framework

During the runtime of the NextGRID project a negotiation framework for
Service Level Agreements has been developed [3]. The designof this frame-
work is based on requirements from industrial applicationswhich have been
collected and analysed within the project. Based on this design, a proof-of-
concept SLA Negotiation Framework implementation has beenrealised which
is used to validate NextGRID’s concepts and principles. This framework to-
gether with UDAP is the backbone of the Implied Volatility Framework.

Fig. 2 shows the design of the SLA Negotiation Framework. Thetwo core
components are Negotiators located at each of the business parties, the Financial
Customer and the Financial Service Provider. These Negotiators are directly
communicating and are responsible for Service Level Agreement negotiation in
the NextGRID SLA Framework. NextGRID has chosen the so-calledDiscrete-
Offer-Protocol for negotiation [8], which does not intend any refinements of
negotiation parameters. In the beginning, the Customer Negotiator sends a
request for an offer (a bid) to the Service Provider Negotiator. A bid has the
same structure as an SLA template, but with empty information tags (service
provider details, price, etc.). The Service Provider Negotiator has to check
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Figure 2. The NextGRID SLA Framework

whether or not it is able to provide the requested service. For that purpose it
checks the SLA Template Repository (where Service Providers store their own
service descriptions) for matching templates. If such a template exists, it has to
be checked whether the current system status allows to offerthis service to the
Customer. The respective component – the SLA Constraint Checker – retrieves
this information based on the selected service template from the System Status
Monitor and from the BLO Handler. The BLO Handler is the component that
has knowledge about the business preferences of the ServiceProvider (e.g. "pre-
fer customer A to customer B", "maximise profit", "maximise resource usage",
et cetera). Based on this knowledge, the SLA Constraint Checker validates the
possible offer, and, if possible, advises the Service Provider Negotiator to fill
the Customer’s bid with the required information and send itback as an offer.
Now the Customer has to decide whether to accept or reject an offer. In case
of an acceptance, the Service Provider is informed and retrieves the SLA offer
signed by the Customer. To become a valid SLA, the SLA offer has also to
be signed by the Service Provider and a copy has to be sent to the Customer.
Now each party has an SLA document signed by both parties. This SLA is
stored in the SLA Repository component. After the negotiation process, the
Service Supervisor component on the Service Provider’s side is informed that
a new SLA has been agreed upon and it starts to configure the system and the
service(s) accordingly.

Please note that not all components of the framework have been implemented
yet, since it was important to check the validity of the negotiation protocol first,
a step that was possible with just a subset of the components.



6

3.2 UDAP

The Universal Dynamic Activity Package brings a new uniformity and co-
herency to managing activity information on a Grid. In the current state of
Grid architectures, information about activities is fragmented and dispersed.
Activity information, such as resource usage, security data, activity state, data
requirements, et cetera, is currently captured using a variety of schemata and it
is stored in different ways and by different logical components. This dispersion
of activity information leads to management, security, andlogistical overheads
in discovering, accessing, and using that information. UDAP aims to bring all
of the information fragments that are associated with an activity, regardless of
the various schemata that are used to describe and capture these fragments, into
one logical package.

The core of the UDAP model is the UDAP Document defined by the UDAP
package, which is not discussed in detail here. The UDAP Manager is the
entity that manages information in the UDAP Document. The UDAP Manager
should have a standardised public interface that allows anyGrid component
to invoke its management functions for read, update and append operations of
activity information. A UDAP Client is any Grid component that uses and/or
produces activity information. UDAP Clients invoke the public management
interface of the UDAP Manager for read, update and append operations of
activity information. A UDAP Client can subscribe to the interface of a UDAP
Manager, in order to receive notification of activity information based events.
The subscription of a UDAP Client may be conditional, where the condition
dictates the type of activity information based event that the client is interested
in, e.g. "notify me if the state of the activity changes to running" or "notify
me if the resource usage of the activity has exceeded the budget of the activity
owner". An overview of the component’s interactions is provided in 3.

3.2.1 UDAP applied to Implied Volatility. In this paper we will apply
UDAP to the presented scenario for two purposes. On the one hand, Compute-,
Data, and Financial Service Providers will bediscovered. On the other hand,
we will track a negotiated SLA toevaluateProviders (their QoS) as well as
Customers. This means that UDAP is independent of the provider and the
customer and lives in a separate third domain (see 3; different colours illustrate
different domains). Nevertheless for other scenarios, theUDAP package could
be used in other ways, which allows UDAP to participate either on the customer
or provider side.

3.2.2 UDAP SLA Evaluation. If a UDAP user discovers a list of providers
suitable for its purposes, it might be not enough to simply select the fastest or
cheapest one. The UDAP user might want to order the providersadditionally
based on experience. Either its own experience or experience other users have
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Figure 3. UDAP components and their interaction

done with. The same yields for the provider, which might wantto make differ-
ent offers (SLA Templates associated with the discovery result) depending on
experience with this particular user. We call this the Quality-of-Service (QoS)
of a provider respectively customer. For determining the QoS of a party, an
evaluation system should be capable of tracking various SLAs, which belong
to one party. This means this component could appraise a party depending on
the history of its negotiated SLAs and associated QoS information.

Within the UDAP discovery step, it might be required to negotiate a SLA
before consuming this service. UDAP could be used to track these negoti-
ated SLAs for later evaluation. A SLA Activity Tracking instance could be
instantiated by either the customer or the provider of the service via the UDAP
Manager providing the negotiated SLA. Afterwards, the other party has to be
informed about the returned EPR. Now both parties are in the position to append
new information to this SLA Track called "Rankings". These items contain a
overall integer representation of the satisfaction of the other party’s QoS; addi-
tional statements of the other party like "violated an SLA" or "has not paid the
bill" could be appended, too. The evaluation component could later on query
UDAP to return all SLAs, where a particular party is involved. This brings
the evaluator in the position to appraise a party by buildingthe average over
the provided satisfaction values. So, if a customer would like to order a list
of providers, it could simply go to the evaluation componentand retrieve the
required information.
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Some providers and customers would not like to publish theircontracts any-
way, because they are angry about the included information.This is fine for
the presented evaluation system. If partners reject to support this system, no
assumptions about their SLA will be tracked and the SLA wouldnot be taken
into account for evaluation.

4. Architecture

The NextGRID Implied Volatility Framework design aims to harness the
Grid to allow fluctuating demand to be met by available resources on the Grid.
In this section we describe and picture (cf. Fig. 4) the architecture of this
framework.
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Figure 4. The Implied Volatility Framework

A Financial Customer is interested in retrieving a continuous data feed con-
taining their interested information. To achieve this, it starts with discovering
a service, providing this capability. This is done using theabove described
UDAP discovery facility. Afterwards, the customer retrieved a list of Financial
service providers, which could be ranked by contacting the Evaluation system
(not shown in the diagram). This uses prior agreed and tracked SLAs to rank the
provided list. After choosing one Financial Service Provider, the the customer
needs to establish a SLA with this provider by contacting itsnegotiator part.
This will - if a SLA is established - check, if additional compute and/or data
resources are required for fulfilling the requirements of the Financial Customer
and will negotiate new Compute and Data Providers by discovering via UDAP
and negotiate with the Negotiator Components of the providers. New com-
pute resources need to have the software, which will be used afterwards, which
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means the software must be deployed in a way that it could be used. Afterwards,
the Data Provider could support the Compute Provider with required data for
computing the Financial Customer required data feed.

4.1 Architectural Components

The Financial Customer is interested in an Implied Volatility data feed,
which is provided by a Financial Service Provider. Therefore the customer first
needs to discover a suitable Financial Service Provider using UDAP and then
negotiate an SLA with the provider to agree upon the service level.

UDAP, as described in Section 3.2, provides two functions for oursystem:
(i) discovery of different service types and (ii) the tracking of an SLA.

The Financial Service Provider requires compute and data resources to
provide the Implied Volatility service (or other financial services). Both of
them have to be discovered from UDAP and afterwards an SLA hasto be
negotiated with the Compute and the Data provider respectively.

A Data Provider provides a data feed which is the foundation for the Implied
Volatility calculation.

A Compute Provider provides resources for computing the Implied Volatil-
ity data feed out of the data feed provided by a Data Provider.

4.2 Dynamic (Re-)Allocation

Normally the failure of a compute resource implies that the SLA between
the Financial Service Provider and the Financial Customer is breached. In our
architecture, the Financial Service Provider could - afterdetecting the failure
- simply discover new compute resources with the help of UDAP, negotiate
with the respective Compute Provider, and set up the machineby deploying the
necessary software. Afterwards this compute resource replaces the old one, the
Implied Volatility data feed is re-connected and the negotiated SLA with the
Financial Custom has (ideally) not been breached.

5. Related Work

Apart from NextGRID a number of other projects is doing research in the
area of Service Level Agreements in business-oriented Gridenvironments. As-
sessGrid, for example, introduces risk assessment and management to SLA ne-
gotiation [4], implementing, contrary to NextGRID, the WS-Agreement spec-
ification [1]. The same specification has been used by the Japanese Business
Grid which provided solutions to share IT resources based onSLAs among
distributed centres in an enterprise and trusted partnersâŁ™ data centres , thus
making it possible for an Application Service Provider to dispatch a complex job
througha single portal [5]. The reason for NextGRID not touse WS-Agreement,
which combines a vocabulary for SLAs and a protocol to offer and negotiate
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them, are the project’s requirements regarding the SLA vocabulary. NextGRID
supports the concept of self-similar SLAs [6], but WS-Agreement does not, al-
though the protocols of both approaches are the same. The BREIN [2] project,
on the other hand, develops solution based on the NextGRID SLA Framework
and is therefore examined closer in the following section.

5.1 BREIN

BREIN [2] aims at realising flexible Virtual Organisation support to reduce
the complexity of business-to-business collaborations. As already mentioned in
Chapter 3.1, NextGRID concentrates on the conceptualisation of the framework,
delivering reference implementations of selected parts ofthe framework. In the
BREIN project, conceptual ideas of a set of projects (including NextGRID)
have been taken up to develop an initial design of a prototypeimplementation
of an “intelligent” negotiation framework.

In contrast to the NextGRID approach, BREIN wants to supporta multiphase
negotiation protocol. The customer sends an offer to the Service Provider
Negotiator, which extracts the offer parameters and hands them over to an
optimisation component. This optimisation component retrieves the business
goals/business criteria of the Service Provider and the capability information
for the resources as well as their availabilities. Based on this information, the
optimisation component refines the parameters, hands them back to the Service
Provider Negotiator, which then sends a counter-offer to the Service Customer.
To automate these functionalities, BREIN will make usage oftechnologies and
concepts from the Semantic Web and multi-agent area. At the point in time of
writing this paper, the prototyping activity was not finished yet, which means
that the presented approach is only a snapshot of the currentstatus.

6. Status and Future Perspectives

In the course of this paper we described a business scenario,the provision of
Implied Volatility services, which is used in the NextGRID project to drive the
architectural development and to evaluate prototype developments. This sce-
nario has been implemented integrating and enhancing NextGRID components,
notably the NextGRID SLA Framework and UDAP (plus some auxiliary ser-
vices that are of minor importance to this work). The resulting Implied Volatility
Framework underpins the benefit of dynamic SLA negotiation to the actors in-
volved in the business scenario. It is planned to demonstrate the function of
the framework at different occasions. Moreover, the uptakeof the concepts
and prototype implementations by other projects like BREINis ongoing work
which will lead to more complete and advanced implementations of what has
been presented here.
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