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1. Executive Summary

Cancer is Europe’s second largest cause of death. One of the most common and effective
treatments is external radiotherapy, where a Linear Accelerator (Linac) attacks the
cancerous tissue with radiation delivered from several different directions. The treatment plan
— the direction, size and length of dosages — has to be carefully calculated to avoid damaging
healthy tissue. These calculations can take a long time — speeding up this process would
allow earlier treatment and more patients to be treated.

RadiotherapyGrid is a solution based on Grid technology that helps hospitals plan the best
possible treatment for each patient. It has two core functions: verification of plans using
accurate, but computationally expensive, techniques and searching for the optimal
treatments. These tools improve the efficiency and effectiveness of planned treatments as
well as reducing the overall cost of treatment planning. The platform can also be easily
extended with further tools and algorithms as new techniques are developed.

RadiotherapyGrid produces results much quicker than hospitals are currently used to by
exploiting the enormous computational resources found on the Grid. In order to make the
process of contracting Grid resources transparent to the user, automatic Service Level
Agreement (SLA) negotiation is required. This is achieved through the use of the SLA
Negotiator component developed as part of the BEINGRID project. Given the confidential
nature of the treatments and the expensive hardware involved, it is essential that no
unauthorised access to the services or data occurs. This is ensured in RadiotherapyGrid
through the use of the Vordel XML Gateway 5 and Axiomatics Policy Server 3 software.
These packages validate common capabilities identified in BEInGRID.

As well as producing results quicker, the solution also frees treatment facilities from the need
to invest in expensive hardware required to do the calculations in house, resulting in
substantial cost savings.

The market for the RadiotherapyGrid solution is potentially very large; within the EU alone
there are 980 radiotherapy centres and this is expected to increase. RadiotherapyGrid will be
primarily marketed as a Software-as-a-Service (SaaS) platform at these institutions, but may
also be sold as a product bundled with HPC hardware resources.

RadiotherapyGrid shows how Grid technology can be used to save hospitals money and
quickly provide more accurate treatments to cancer patients.
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1.2 Glossary of Acronyms

Acronym Definition

B2B Business to Business

BEINGRID Business Experiments in Grid

CESGA Centro de Supercomputacion de Galicia
CHUS Complejo Hospitalario Universitario de Santiago de Compostela
CRT Conformal Radiotherapy

CT Computed Tomography

D Deliverable

DIRAC Directory of Radiotherapy Centres
IMRT Intensity Modulated Radiation Therapy
GDP Gross Domestic Product

HTML Hypertext Mark-up Language

HTTPS Hypertext Transfer Protocol Secure
IAEA International Atomic Energy Agency
ISV Independent Software Vendor

SaaP Software as a Product

SaaS Software as a Service

SLA Service Level Agreement

SOAP Simple Object Access Protocol

TPS Treatment Planning System

uUsC Universidade de Santiago de Compostela
UVvIGO Universidade de Vigo

VAS Value Added Services

WSDL Web Service Description Language
XML Extensible Mark-up Language
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2. Background

Cancer represents the second largest cause of death in Europe [1]. However, there are
currently several treatment methods which present a good chance of curing the disease. One
of the most common treatments is radiotherapy. For each radiotherapy treatment, the doctor
prescribes the dose (the amount of radiation) which a cancerous tumour must receive and
the radiation limits for the healthy organs. When delivering treatments, the radio-physicists
(the technicians who calculate the final treatment) follow a strict planning protocol which
includes a physical simulation to determine the final doses in order to ensure its quality and
effectiveness. The plan must be rapidly disseminated to allow treatment to commence.

Business Experiment BE25 has developed RadiotherapyGrid, an extension of the e-IMRT
project, designed to take advantage of Grid technologies and resources. RadiotherapyGrid is
the first remote solution designed to help radio-physicists plan the best possible treatment for
each patient. It implements and integrates two new tools which complement current local
Treatment Planning Systems (TPSs): a verification tool which uses accurate computational
techniques; and a tool to search for treatments based on optimization. These tools improve
the efficiency and effectiveness of planned treatments as well as reducing the overall cost of
treatment planning. RadiotherapyGrid is an integration of e-IMRT into a Grid environment,
adding support for service-level agreements (SLA) and security.

2.1 The Industry

Cancer is a collection of diseases characterized by two common attributes: uncontrolled cell
multiplication and the ability of these cells to metastasize — or spread — from one part of the
body to another. Radiotherapy is one of the most common treatments and can help to cure
cancer in an estimated 40% of cases [1]. Radiation therapy exposes the cancerous growth to
electron beams, X-rays or gamma rays that can Kkill the cells. It is effective because of
heightened sensitivity of the tumour cells to the radiation, relative to healthy cells. The
harmful effects of the radiation can be minimized by focusing only on the particular area to be
treated and shielding the remainder of the body.

There are two main types of radiotherapy: brachytherapy, where the radiation is generated
inside the body of the patient by radioactive sources inserted inside or around the tumour;
and teletherapy, where the radiation comes from an external source, commonly an electron
accelerator or Linac. In teletherapy, the tumour is attacked from several angles, each of
which contributes to the final prescribed dose without overexposing nearby tissue.

Teletherapy has two main techniques: Conformal Radiotherapy (or CRT) where the beam
takes the form of the tumour seen from the electron accelerator, and Intensity Modulated
Radiation Therapy (or IMRT) where the strength and the form of the electron beam changes
during the delivery, to allow better control over the dose. Because of negative side effects of
teletherapy, other techniques have been recently developed, such as Image Guide
Radiotherapy (IGRT) and hadrontherapy. Even more will probably appear in the near future,
as there is strong research activity in this field.

Whatever the technology, the treatment must be determined uniquely for each patient. This
requires complicated and lengthy calculations. Currently, such calculations are run locally
using proprietary software. Reducing the length of time required to perform the calculation or
improving its accuracy will improve quality, efficiency and satisfaction in the hospital
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procedure.

Teletherapy is an effective but expensive technique. A single Linac can cost as much as two
million Euros whilst TPS software licenses can be close to €300,000 [2]. Additionally,
hospitals commonly have several Linacs to avoid the risks of interruption of a treatment
(which is delivered in several sessions over the course of several weeks) in case of hardware
failure. Finally, this radiation infrastructure needs many specialized personnel (radio-
physicists, nurses, etc) who are scarce. Jointly, teletherapy is a large investment which must
be amortized by delivering as many treatments as possible (without affecting quality). This
cost is a major barrier to both the adoption of new services as well as the expansion of
existing ones. However, in Europe, the number of cancer patients is expected to grow in the
near future, because the aging of the population. As consequence, there is a pressing need
for new tools and techniques which improve the quality of treatments and the productivity of
radio-physicists.

2.2 The Solution

RadiotherapyGrid is a new solution for helping radio-physicists to plan radiotherapy
treatments, based on massive remote computational capacity accessed using a Grid. It
currently has two core functions:

a) Verification of treatments. Using Monte Carlo simulations (that use very accurate
algorithms), treatments are re-calculated and compared with TPS results. This allows
detection of hot (which can be dangerous for the patient) or low-dose (which may not
be enough to cure the cancer) areas.

b) Search for treatments using optimization. Based on a Computed Tomography (CT)
scan of the patient, treatment prescriptions and other constraints, RadiotherapyGrid
will produce several alternatives treatments (positions and dosages for the Linac)
which can be analysed. Once a good solution is found, it can be downloaded by
radio-physicists.

Both services work in off-line mode. This means that the user defines the problem, submits it,
and disconnects. The RadiotherapyGrid service performs the computation, managing all the
distributed calculations. When the solution is ready for analysis, an e-mail is sent to the user
(or, in the future, to the user’s pager or mobile phone). However, the user can connect to the
RadiotherapyGrid service at anytime to check the current status of the computation.

RadiotherapyGrid can also be easily expanded with additional services, reducing the time-to-
market of new and advanced techniques.

The outsourcing of processing to a Grid resource provider has multiple advantages:

The verification and optimization algorithms can be executed much quicker and to a
greater degree of accuracy. The power of cheap, commodity components can be
combined to provide vastly more processing power than is available inside a hospital,
resulting in faster calculations at a reduced price.

Hosting of the computing resources is outsourced to a third-party, which reduces the
overheads for hospitals. Advanced computing is not related to the hospital’s main
business and they may not be able to afford the initial outlay required for such large
computing resources. Also, the hospital no longer requires specialized technicians to
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take care of the hardware resources, reducing the total cost of the service

The proprietary or service contract model is replaced with a pay-for-use model. The
hosting company uses the same machines for multiple clients and so has multiple
revenue sources for the same costs. At the same time, this makes it much more

economical for the hospitals, who can adapt usage to both budgets and demand by
scaling up or down as necessary.

Hospitals will have access to new services faster. A service provider can implement
and deploy new developments coming from advanced research, providing all
hospitals with access within a short time-frame. This will speed up the adoption of

new radiotherapy techniques which improve the quality and effectiveness of cancer
treatment.
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hn e et
S
8 of

£
+
1
e d
BENGRID

RadiotherapyGrid

3. Technical Overview

3.1 Architecture

Figure 1 shows a high-level overview of RadiotherapyGrid's architecture. It comprises
several layers following a multi-tier paradigm. Treatment services are the core of the system.
They are in charge of executing all operations from clients using the Grid. The clients can
access the services in two ways:

a) Connecting to services via a rich Web-based portal; or
b) Connecting to services via a SOAP-based programming interface that allows
hospitals or independent software vendors (ISVs) to develop their own applications.

% $

Figure 1: High Level Architecture of RadiotherapyGrid

When the services need to execute a computationally intensive operation (such as the
verification or optimization of treatment plans), a job request is submitted to the GridWay
resource broker. If the locally available resources are insufficient, GridWay will automatically
contract additional resources from a Grid resource provider, through a Service Level
Agreement (SLA) negotiation. These resources are never given confidential patient detalils.
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This Service-Oriented Architecture (SOA) hides all the complexity at the server side and the
communication between client and server is protected with a PEP-PDP authorisation scheme
(see Sections 3.2.2 and 3.2.3), thanks to the WS-Security Gateway (SSG) shown in Figure 1.
This allows messages to be securely delivered to the services and prevents unauthorized
access to either services or data.

3.2 Components

This section describes the Grid components and middleware used in RadiotherapyGrid.

3.2.1 SLA Negotiation

The SLA Negotiation component [14], developed within the BEINGRID project, is used to
automatically contract external resources when local resources are insufficient. This
negotiation is transparent to clients. This component was integrated with the GridWay
middleware described below (Section 3.2.4).

3.2.2 Policy Enforcement Point (PEP)

The PEP is an XML Security Gateway which securely exposes services by checking and
validating service requests. All requests are checked against a security policy to ensure they
are legitimate. To do this, the PEP may require additional security services such as an
identity broker or an authorization service. In particular, in this scenario, the PEP delegates
access control requests to an authorization service PDP, described in the next section.

The PEP can also perform other tasks, such as decorating requests®, checking them for
security threats and validating them against the service's WSDL (Web Service Description
Language) interface description or other schemas. In particular it has the ability to
encrypt/decrypt and sign/check the signature of the communication thus enabling privacy,
integrity and confidentiality of client-service communications.

The PEP implements several standards, including WS-Policy [4], WS-Trust [5] and WS-
Security [6].

The BEINGRID project offers 3 security gateways: a prototype PEP developed in Java, and 2
commercial alternatives [20].

The PEP used in RadiotherapyGrid is the commercial product from Vordel [15]. The PEP is
an implementation of the common capabilities “Policy Based Access Control” [8], “Secure
end-to-end Communication within a Federation” [9] and “Policy Engine” [10] as well as the
“Event Policy Control” [11] design pattern available on the Gridipedia website [16].

Within RadiotherapyGrid, the PEP is used to ensure that personal data is transmitted
securely and that all access requests are properly vetted.

! For example, a request could have further credentials attached specifying the user’s rights
on a given resource.
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3.2.3 Policy Decision Point (PDP)

The PDP is an authorization service based on the XACML standard [7] for representing and
evaluating access control policies and requests.

The PDP evaluates access control requests expressed using XACML against the policies it
contains and returns its decision to the requestor — typically a policy enforcement point.

The response is also expressed as XACML and can be either of PERMIT, DENY, NOT
APPLICABLE, or INDETERMINATE. NOT APPLICABLE occurs when there are no access
control policies which match the incoming request. Generally, the requestor would resolve a
NOT APPLICABLE decision to a DENY decision (but this choice is left entirely to the
requestor). Alternatively, the PDP may have a policy which tells it to return DENY for all
unmatched requests.

Access controls can be coarse- or fine-grained and can deal about who (the user), what (the
targeted service / resource), what again (the action on the resource), and environmental
factors e.g. time. For instance, can Alice use the printer to print? Alice is the user, the printer
is the targeted resource, and print is the action. Or, we can add a time (environment)
dimension: can Alice use the printer to print at 3PM?

The PDP used by RadiotherapyGrid is a commercial product from Axiomatics [17], a
Swedish SME under contract with BEInGRID. This validates the common capabilities “Policy
Based Access Control” [8] and “Policy Engine” [10] as well as the “PDP Pattern” [12] design
pattern found on the Gridipedia website [16].

Within RadiotherapyGrid, the PDP supports the PEP in making security decisions.

3.2.4 GridWay Middleware

The GridWay metascheduler [18] is used to efficiently submit jobs to Grid resources. It is
designed to enable sharing of multiple resources over administrative domains.

In RadiotherapyGrid, GridWay is used to control the submission of jobs (such as for
verification or optimisation) to resources, both local and external. The SLA Negotiation
component was integrated with GridWay to allow automatic and transparent commissioning
of external resources.

This functionality means that users do not need to worry about the amount of computing
resources available and hospitals do not need to ensure they have enough local computing
resources to meet peak demand.

3.3 User Interface
Figure 2 shows the portal that users log into to access the RadiotherapyGrid services.

Figure 3 shows the results of running the verification service. A “Gamma map” is displayed,
which shows the differences between the verification process and the original data.

Figure 4 shows the results of searching for treatments. Several possible treatments are
shown in the graph, along with the radiation dose delivered to the tumour and surrounding
organs.
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Figure 2: The Portal

Figure 3: Gamma Map for Treatment
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Figure 4: Comparison of Treatment Plans
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4. Business Case
4.1 Strategy

RadiotherapyGrid is not intended to replace the current TPS software within hospitals. It is
meant to complement them, adding new functionality. Although RadiotherapyGrid has been
designed to be extensible with new services and algorithms in the future, it currently has two
core functions; the verification of treatments using Monte Carlo simulations and searching for
optimized treatments.

Due to its flexible software architecture, RadiotherapyGrid can be sold as:

Software as a Service (SaaS): Offering the verification of treatments and searching for
new treatments services over the internet.

Software as a Product (SaaP). Full solution consisting of both software and hardware to
be sold to hospitals with limited or no internet access. It will include a computer cluster,
because of the large CPU demands of the solution.

Value-added services (VAS) related to dose calculation for treatments and deployment of
the solution in other companies and hospitals. This includes training in dose calculation
methods, characterization of Linacs to get the parameters for the Monte Carlo simulation,
remote treatment planning, etc. These services will exploit the extensive knowledge of
the partners in Medial Physics and Monte Carlo simulation.

For the RadiotherapyGrid service, using Grid middleware, technology and concepts brings
an important added value, allowing calculations to be completed in a limited amount of time
when several clients demand services simultaneously. Grid technology is used to rent
computer capacity dynamically from other service providers or computing resource providers.
Also, it fosters the service during its initial phase by reducing the entry investment in terms of
computer resources. When the solution is used internally by the hospitals, they can use Grid
technology to share computer resources from other departments securely and/or from other
hospitals which run RadiotherapyGrid. It is an affordable solution for peak demands that can
not be met internally.

RadiotherapyGrid can be sold:
Directly to hospitals with radiotherapy departments and clusters of hospitals.

To other software providers in the radiotherapy sector which have their own local TPS.
They will integrate it with their own software and sell the service directly to their
customers. They will essentially be resellers.

4.2 The Exploiting Partners

The first user of the solution will be the Complejo Hospitalario Universitario de Santiago de
Compostela (CHUS), a hospital which participates in the project through its research
foundation. Its radiophysicists need additional tools to calculate and validate the cancer
radiotherapy treatment plans that must be delivered to the patients. They have local software
tools to calculate the treatments, but in some cases they need to verify these before delivery
(this can be done using the BE’s Monte Carlo validation tool) or use additional tools for
searching treatments (in cases of great complexity). As a final user, they are committed to
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the solution and have been involved in its design and development.

The service will be initially provided by CESGA, a supercomputing centre also in the Galicia
region, which has enough computing resources and participates in several Grid European-
wide infrastructures. CESGA will offer the service to other hospitals with radiotherapy
facilities in the region and in Europe at large. However, CESGA will push for a transfer to a
dedicated spin-off company as soon as the number of customers is enough to make the
business profitable.

The deployment of the service and its evolution will require, during the coming years, the
participation of all academic partners of the BE and the hospital. Initially, USC, which
provides the expertise in Medical Physics, will extend the software to support new models of
Linacs as well as new methods and techniques for teletherapy. Later, once they have
experience in the field, CESGA (or the proposed spin-off company) will take over this
responsibility as well as research into the application of new methods. UVIGO will help with
integration of new services into the platform and will research new visualizations and
interfaces which increase the usability of the service, particularly with regard to Internet
technologies. Finally, CHUS and its research foundation will verify the new functionality
before it is released to the market.

4.3 The Target Market

The solution has a very large potential market. The number of radiotherapy treatments has
seen a steady increase every year due to rises in average population age, more treatment
facilities and new types of treatment. According to the Directory of Radiotherapy Centres
(DIRAC) of the International Atomic Energy Agency (IAEA) [19], there are 6214 radiotherapy
centres in the world, with 7168 Linacs and more than 6000 TPSs. In the European Union
alone, there are 980 radiotherapy institutions with a mean of 1.9 Linacs per centre. Over 65%
of these centres are in only four countries (France, Germany, Italy and Spain). The country
with the most Linacs is the United States of America with more than 2100 (2114 in 1870
institutions) followed by the People s Republic of China (981) and Japan (842). This means
that the European Union is the second largest market in the world. The ideal objective is to
have four Linacs per million inhabitants, so the expectation is that the numbers of centres will
increase in the near future. The objective of the RadiotherapyGrid project is to provide its
service to 24 hospitals in the next four years, mainly in Spain, Italy and Germany, because
the principal competitor (DOSIsoft) is well established in France. Because the selected
selling strategy is as a service (SaaS), it is hoped that the economic crisis will benefit sales
by driving hospitals to look for ways to reduce their budgets and avoid expenditure in new
hardware.

4.4 The Competition

There are few competitors in the market. Currently, these are the providers of the TPS
software such as CMS? (who sell XiO), BestNOMOS® (CORVUS), Nucletron* (Oncentra

2 http://www.cmsrtp.com/

3 http://www.nomos.com
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Masterplan), RaySearch Laboratories®, Philips® (Pinnacle), Técnicas Radiofisicas’ (PCRT-
3D), DOSIsoft?, etc. Some of these companies are well-positioned in the market but they are
not providing a service similar to RadiotherapyGrid. RadiotherapyGrid has been designed to
inter-operate with their products and services, because it will be very difficult to beat them if
they enter the market with similar products. To allow this collaboration, the architecture of
RadiotherapyGrid includes well-defined Web services which can be integrated into the
commercial solutions. Using them, the TPS vendors can integrate the RadiotherapyGrid
services into their software very easy.

45 The Price and the Costs

RadiotherapyGrid will be offered as a remote service. The price will be established based on
one treatment in a pay-per-use model. The price will depend upon which service is used:

For the treatment verification, each verification will be a single unit. We estimate a price
of €100/treatment.

For the searching of treatments, the price will be established in units. One optimization
service may use several units depending on the number of iterations. We estimate a
price of €100/unit.

Because the number of CPU-hours per unit is between 50 and 100 hours, the internal cost is
between €10 and €24 (taking into account a cost of €0.24/CPU-hour which includes the
computer cost, yearly maintenance, energy and system managers). A breakdown is shown in
Table 1. So, we can estimate a gross profit per unit of €40. To avoid an excessive number of
storage treatments (because they need a lot of local storage, mainly during the treatment
processing), the price will include a small fee for Gigabytes (GB) of data stored per month,
with a minimum amount free of charge. No cost is applied to transfer files for input and
output. A small annual fee (€2000) will be applied for each hospital to cover the cost
associated with the registration of the institutions, the users and the commissioning of the
Linacs (which consumes computing time). Additionally, we plan to offer deployment services
to the new hospitals in Europe to integrate the system with their own TPS and local
protocols. We foresee an income of €10,000 per new hospital.

4 http://www.nucletron.com

5 http://www.raysearchlabs.com
6 http://www.medical.philips.com
! http://www.trf.es

8 http://www.dosisoft.com
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Concept Total cost Operational Cost/CPU-hour
Hours €3

Front-end servers 6,000 35,040 | 0.17

Computing Equipment 100,000 10,091,520 | 0.01

Electricity 0.01

Maintenance 0.002

Air conditioning 0.01

System technicians (2) 64,000 2,522,880 | 0.025

Insurance 0.1

Total Cost 0.227

Table 1: Operational cost of one facility for RadiotherapyGrid

We estimate that the cost from Grid resource providers will be of this order of magnitude
because the operational costs are similar for all the centres. Also, this is close to the price of
Amazon Elastic Cloud Computing [3], although Amazon also charge for storage and network
traffic.

Additionally, we plan to provide value-added services for the initial deployment within the
customer premises (training and integration with the hospital information systems). In this
case, the basic unit of cost will be the hourly rate of the consultant and technicians and will
depend strongly on the local customer infrastructure and requirements; on the country prices
of consultants, etc. The price will have to be negotiated separately for each final customer.

Because there is no similar product or service in the market, comparisons are very difficult.
Currently the only product to be used for comparison is the local TPS. One TPS (with several
working stations) has a price between €300,000 and €400,000 [2] plus a 15 to 20% yearly
maintenance cost. In CHUS, this software has been operational for several years. We can
estimate the cost per treatment over a typical accounting period of four years. In the best
case, for these four years the investment only in the TPS is:

300,000x%(1+4%0.15)= €480,000

Yearly, this software is used to calculate more or less 1,000 treatments. This means that the
cost of the TPS software per treatment is approximately €120, which is more expensive than
RadiotherapyGrid. After year four, the cost reduces to only €45-60 because only
maintenance is paid. However, these prices cannot be compared because TPS is a legal
obligation meanwhile RadiotherapyGrid is an optional feature for complex cases.
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If we take European population data and the incidences of cancer, we can estimate the
number of cases yearly which have to be treated with radiotherapy. From this estimation, it is
possible to calculate the gross and net profit when the service will reach the shared quote
(five percent of the total treatments in Europe), as shown in Table 2.

European population According to Eurostat [13], the
combined population of all 27 member
countries has been estimated at
495,128,529 million in January 2007.

Yearly diagnosed cancer 1,900,000
Radiotherapy patients 950,000
RadiotherapyGrid target (5%): 47,500
treatments

RadiotherapyGrid revenues €2,375,000
Cost €1,092,500
Gross profit €1,282,500
Other costs (personnel, €454,510

premises, etc)

Net Profit €827,990

Table 2: Gross and net profit estimation at the end of implementation for the services
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5. Conclusion

RadiotherapyGrid provides two key services:
Finding better radiotherapy treatment plans for patients
Verification of existing plans

RadiotherapyGrid services use accurate, but computationally expensive, algorithms to
produce better results than local TPSs. RadiotherapyGrid is also faster than local solutions
as it exploits the enormous computing resources available via a Grid-based infrastructure.

RadiotherapyGrid uses the following BEInGRID components:

The SLA Negotiator, which is used to automatically contract extra resources when
required

The PDP and PEP security components, which are used to secure access to the
service by validating service requests against a security policy

The institutions which take advantage of RadiotherapyGrid:
Save money by not needing to invest in expensive hardware
Can focus on treating patients rather than running an HPC service
Can treat more patients due to the increased speed of the service

Can deliver improved treatment plans to patients
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Annex A.Licence

Copyright © The University of Edinburgh, 2009

Portions Copyright © CESGA, 2009

Portions Copyright © Universidade de Vigo, 2009

Portions Copyright © Universidade de Santiago de Compostela, 2009

This is a public deliverable that is provided to the community under the license Attribution-NoDerivs 2.5 defined by creative
commons http://www.creativecommons.org

This license allows you to
to copy, distribute, display, and perform the work
to make commercial use of the work

Under the following conditions:

@ Attribution. You must attribute the work by indicating that this work originated from the IST-BEinGRID
project and has been partially funded by the European Commission under contract number IST -
034702

No Derivative Works. You may not alter, transform, or build upon this work without explicit permission
of the consortium

For any reuse or distribution, you must make clear to others the license terms of this work.
Any of these conditions can be waived if you get permission from the copyright holder.

This is a human-readable summary of the Legal Code below:
License

THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS OF THIS CREATIVE COMMONS PUBLIC LICENSE ("CCPL" OR
"LICENSE"). THE WORK IS PROTECTED BY COPYRIGHT AND/OR OTHER APPLICABLE LAW. ANY USE OF THE WORK OTHER THAN AS
AUTHORIZED UNDER THIS LICENSE OR COPYRIGHT LAW IS PROHIBITED. BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED
HERE, YOU ACCEPT AND AGREE TO BE BOUND BY THE TERMS OF THIS LICENSE. THE LICENSOR GRANTS YOU THE RIGHTS
CONTAINED HERE IN CONSIDERATION OF YOUR ACCEPTANCE OF SUCH TERMS AND CONDITIONS.

1. Definitions

a. "Collective Work" means a work, such as a periodical issue, anthology or encyclopedia, in which the Work in its entirety in
unmodified form, along with a number of other contributions, constituting separate and independent works in themselves, are
assembled into a collective whole. A work that constitutes a Collective Work will not be considered a Derivative Work (as defined
below) for the purposes of this License.

b. "Derivative Work" means a work based upon the Work or upon the Work and other pre-existing works, such as a translation, musical

arrangement, dramatization, fictionalization, motion picture version, sound recording, art reproduction, abridgment, condensation, or

any other form in which the Work may be recast, transformed, or adapted, except that a work that constitutes a Collective Work will not
be considered a Derivative Work for the purpose of this License. For the avoidance of doubt, where the Work is a musical composition
or sound recording, the synchronization of the Work in timed-relation with a moving image ("synching") will be considered a Derivative

Work for the purpose of this License.

"Licensor" means all organisations holder of a copyright as set forth in the header of this License.

"Original Author" means the individual or entity who created the Work.

"Work" means the copyrightable work of authorship offered under the terms of this License.

"You" means an individual or entity exercising rights under this License who has not previously violated the terms of this License with

respect to the Work, or who has received express permission from the Licensor to exercise rights under this License despite a

previous violation.

~ooo

2. Fair Use Rights. Nothing in this license is intended to reduce, limit, or restrict any rights arising from fair use, first sale or other limitations on
the exclusive rights of the copyright owner under copyright law or other applicable laws.

3. License Grant. Subject to the terms and conditions of this License, Licensor hereby grants You a worldwide, royalty-free, non-exclusive,
perpetual (for the duration of the applicable copyright) license to exercise the rights in the Work as stated below:
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a. toreproduce the Work, to incorporate the Work into one or more Collective Works, and to reproduce the Work as incorporated in the
Collective Works;

b.  to distribute copies or phonorecords of, display publicly, perform publicly, and perform publicly by means of a digital audio transmission
the Work including as incorporated in Collective Works.

c. For the avoidance of doubt, where the work is a musical composition:

i Performance Royalties Under Blanket Licenses. Licensor waives the exclusive right to collect, whether individually or
via a performance rights society (e.g. ASCAP, BMI, SESAC), royalties for the public performance or public digital
performance (e.g. webcast) of the Work.

ii. Mechanical Rights and Statutory Royalties. Licensor waives the exclusive right to collect, whether individually or via a
music rights society or designated agent (e.g. Harry Fox Agency), royalties for any phonorecord You create from the Work
("cover version") and distribute, subject to the compulsory license created by 17 USC Section 115 of the US Copyright Act
(or the equivalent in other jurisdictions).

d. Webcasting Rights and Statutory Royalties. For the avoidance of doubt, where the Work is a sound recording, Licensor waives the
exclusive right to collect, whether individually or via a performance-rights society (e.g. SoundExchange), royalties for the public digital
performance (e.g. webcast) of the Work, subject to the compulsory license created by 17 USC Section 114 of the US Copyright Act (or
the equivalent in other jurisdictions).

The above rights may be exercised in all media and formats whether now known or hereafter devised. The above rights include the right to make
such modifications as are technically necessary to exercise the rights in other media and formats, but otherwise you have no rights to make
Derivative Works. All rights not expressly granted by Licensor are hereby reserved.

4. Restrictions. The license granted in Section 3 above is expressly made subject to and limited by the following restrictions:

a.  You may distribute, publicly display, publicly perform, or publicly digitally perform the Work only under the terms of this License, and
You must include a copy of, or the Uniform Resource Identifier for, this License with every copy or phonorecord of the Work You
distribute, publicly display, publicly perform, or publicly digitally perform. You may not offer or impose any terms on the Work that alter
or restrict the terms of this License or the recipients exercise of the rights granted hereunder. You may not sublicense the Work. You
must keep intact all notices that refer to this License and to the disclaimer of warranties. You may not distribute, publicly display,
publicly perform, or publicly digitally perform the Work with any technological measures that control access or use of the Work in a
manner inconsistent with the terms of this License Agreement. The above applies to the Work as incorporated in a Collective Work,
but this does not require the Collective Work apart from the Work itself to be made subject to the terms of this License. If You create a
Collective Work, upon notice from any Licensor You must, to the extent practicable, remove from the Collective Work any credit as
required by clause 4(b), as requested.

b. If you distribute, publicly display, publicly perform, or publicly digitally perform the Work or Collective Works, You must keep intact all
copyright notices for the Work and provide, reasonable to the medium or means You are utilizing: (i) the name of the Original Author
(or pseudonym, if applicable) if supplied, and/or (i) if the Original Author and/or Licensor designate another party or parties (e.g. a
sponsor institute, publishing entity, journal) for attribution in Licensor s copyright notice, terms of service or by other reasonable means,
the name of such party or parties; the title of the Work if supplied; and to the extent reasonably practicable, the Uniform Resource
Identifier, if any, that Licensor specifies to be associated with the Work, unless such URI does not refer to the copyright notice or
licensing information for the Work. Such credit may be implemented in any reasonable manner; provided, however, that in the case of
a Collective Work, at a minimum such credit will appear where any other comparable authorship credit appears and in a manner at
least as prominent as such other comparable authorship credit.

5. Representations, Warranties and Disclaimer. UNLESS OTHERWISE MUTUALLY AGREED TO BY THE PARTIES IN WRITING, LICENSOR
OFFERS THE WORK AS-IS AND MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND CONCERNING THE MATERIALS,
EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, INCLUDING, WITHOUT LIMITATION, WARRANTIES OF TITLE, MERCHANTIBILITY,
FITNESS FOR A PARTICULAR PURPOSE, NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER DEFECTS, ACCURACY, OR
THE PRESENCE OF ABSENCE OF ERRORS, WHETHER OR NOT DISCOVERABLE. SOME JURISDICTIONS DO NOT ALLOW THE
EXCLUSION OF IMPLIED WARRANTIES, SO SUCH EXCLUSION MAY NOT APPLY TO YOU.

6. Limitation on Liability. EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE LAW, IN NO EVENT WILL LICENSOR BE LIABLE TO YOU
ON ANY LEGAL THEORY FOR ANY SPECIAL, INCIDENTAL, CONSEQUENTIAL, PUNITIVE OR EXEMPLARY DAMAGES ARISING OUT OF
THIS LICENSE OR THE USE OF THE WORK, EVEN IF LICENSOR HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

7. Termination

a.  This License and the rights granted hereunder will terminate automatically upon any breach by You of the terms of this License.
Individuals or entities who have received Collective Works from You under this License, however, will not have their licenses
terminated provided such individuals or entities remain in full compliance with those licenses. Sections 1, 2, 5, 6, 7, and 8 will survive
any termination of this License.

b. Subject to the above terms and conditions, the license granted here is perpetual (for the duration of the applicable copyright in the
Work). Notwithstanding the above, Licensor reserves the right to release the Work under different license terms or to stop distributing
the Work at any time; provided, however that any such election will not serve to withdraw this License (or any other license that has
been, or is required to be, granted under the terms of this License), and this License will continue in full force and effect unless
terminated as stated above.

8. Miscellaneous

a. Eachtime You distribute or publicly digitally perform the Work, the Licensor offers to the recipient a license to the Work on the same
terms and conditions as the license granted to You under this License.
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If any provision of this License is invalid or unenforceable under applicable law, it shall not affect the validity or enforceability of the
remainder of the terms of this License, and without further action by the parties to this agreement, such provision shall be reformed to
the minimum extent necessary to make such provision valid and enforceable.

No term or provision of this License shall be deemed waived and no breach consented to unless such waiver or consent shall be in
writing and signed by the party to be charged with such waiver or consent.

This License constitutes the entire agreement between the parties with respect to the Work licensed here. There are no
understandings, agreements or representations with respect to the Work not specified here. Licensor shall not be bound by any
additional provisions that may appear in any communication from You. This License may not be modified without the mutual written
agreement of the Licensor and You.
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