
OCEAN (the Open Computation Exchange & Auctioning Network) – 
A Peer-to-Peer Market for Allocating Grid Computing Resources
B. Project Summary

The OCEAN (Open Computation Exchange & Auctioning Network) project [
,
,
,
,
,6,7,8,26,21] was conceived at MIT in early 1997 by PI Michael Frank, with the goal of providing a system to automate the buying and selling of remote access to distributed computing resources, so as to both defray everyone’s costs of ownership of underutilized computing resources and to provide instant on-demand access to enormous computational power for everyone from academic researchers to commercial end-users.
Intellectual Merit.  Although the OCEAN project’s high-level goals are primarily focused on practical aims of infrastructure development and standardization, a number of very interesting academic research issues of fundamental importance arise naturally, and are being addressed in the course of this effort:
1. Adaptive P2P search algorithms.  One important research question is how to efficiently perform an effective search (for resources matching stated requirements) among a dynamically-changing, peer-to-peer network of resource providers.  We have invented and implemented several new peer-to-peer matching algorithms (Tobias [
], PLUM [
] and MarcoPolo [
]) using machine-learning capabilities for dynamic adaptation to continually optimize the network’s efficiency.  A paper on one of the algorithms was accepted for HiPC-02 [8], and many additional conference & journal articles will be forthcoming. 
2. Market design.  OCEAN will provide a realistic testbed for experimenting with the real-world effectiveness of different market/auction mechanisms.  Fixed-price markets as well as double-bid auctions have already been implemented for OCEAN, and alternative mechanisms such as English and Dutch auctions and novel proposed market mechanisms all can be implemented within the OCEAN infrastructure, and their effectiveness thereby compared in a real-world setting.

3. Collaborative language extension.  OCEAN’s language for describing resource requirements and capabilities must be standardized for interoperability, while remaining arbitrarily extensible to express any desired kinds of features and constraints.  This leads to a novel research effort, to design and develop an online system for the continual, collaborative extension of resource description languages & ontologies, represented using XML schemas [
].

4. Security validation.  The real-world security needs of OCEAN provide an environment in which a number of new security paradigms can be effectively developed and tested.  We have already implemented the XML digital signature standard, to prevent forgery and repudiation of sales contracts.  Java and .NET CLR [
] sandbox security mechanisms will be significantly exercised and stress-tested by real-world use in OCEAN.  Finally, sophisticated Computation Certificate algorithms, proposed in the 1990’s [
,
], might find their first practical application in automated verification of computations in OCEAN.  In these algorithms, a computation yields as a side-effect a short probabilistically-checkable proof that the requested computation was in fact performed correctly.
5. Distributed scientific applications.  Finally, many issues arise in the design of distributed algorithms for solving particular scientific problems of interest that can perform robustly in a distributed environment such as OCEAN with no centralized control, e.g., purchasing new resources and reallocating subtasks to them when a resource becomes unavailable.  The co-PIs Schmalz, Peters, and Hammer will explore these and other issues in the specific contexts of image processing, 3D modeling, and database processing respectively.
Broader Impacts.  The OCEAN project has a potentially enormous and broad impact, both on users in the academic and industrial computational science & engineering communities, but also on users in other areas, such as computer animation, financial analysis, web testing, cryptanalysis, computer gaming, etc.  It has the potential to significantly lower the average cost of computing for everyone, by reducing waste of unused cycles.  Furthermore, the same infrastructure, with further extensions to the resource description language, can also be used to exchange not just computational resources, but all manner of other commodities, goods, services, financial instruments, etc., and as a result, it can potentially eventually revolutionize all of e-commerce and the financial markets, by providing a universal, open standard for automated, peer-to-peer trading with no centralized control, in contrast to the existing centralized business-to-business exchanges, stock markets, etc.
C. Project Description - C.1.  Introduction
The name “OCEAN” is an acronym for Open Computation Exchange and Auctioning Network.  The purpose of OCEAN is to provide (as middleware, layered on the internet) a world-wide automated commodities market for the on-demand purchase of remote access rights (compatibly with Grid standards) to distributed computing resources (such as CPU cycles, memory, disk space, network bandwidth, access to specific remote software/databases, etc.) for use by high-performance distributed computing applications, mobile agents, or thin (e.g. wireless) clients.
The R&D strategy of the OCEAN project is heavily geared towards impelling rapid adoption and installed-base growth via creating extreme usefulness.  The design is intended to emphasize making it as easy as possible for users to deploy OCEAN server nodes, and to develop and run OCEAN applications at will, with the application users paying the server providers incrementally for resources utilized.  OCEAN is intended to exhibit the following key design characteristics, not necessarily in order of importance.

1. Open.  Every aspect of OCEAN operation will be based on public, open, freely reimplementable standards, APIs, data formats, and protocols.  All OCEAN software will come with free source code, as a reference implementation of the standard.  Anyone will be free to modify or reimplement the OCEAN standards as long as they conform to its specification.  Also, anyone can extend the standards, with approval from the OCEAN governing body.  Non-approved modifications of the standard would constitute a violation of copyright.  
2. Profitable.  Companies and individuals who are involved in helping build the OCEAN infrastructure and providing servers, services, and applications for it should be able to profit financially from doing so.  This kind of true economic incentive system seems to be a prerequisite for rapid growth of the technology, its democratization, and the emergence of new industries based upon it.
3. Portable.  OCEAN server software should run on the widest possible variety of host platforms so that it can be quickly deployed on the largest possible numbers of existing machines.

4. Interoperable.  OCEAN should be compatible with other systems, tools, and protocols based on major emerging web-services (e.g., XML [9], SOAP [
], WSDL [
]) and Grid (e.g., Globus [
], OGSA [
]) standards.
5. Secure.  The OCEAN infrastructure should offer as much security for providers and users, and accountability for transactions, as is feasibly achievable.  We address security issues in more detail in section C.7 below.
6. Efficient.  The OCEAN infrastructure should put as little overhead as possible in the way of the basic task - getting distributed computations done - and meanwhile it should allocate resources in a way that maximizes the overall economic efficiency of the resource allocation as much as possible.
7. Scalable.   OCEAN servers should be able to be deployed on arbitrarily many hosts, and support arbitrarily high levels of usage, while degrading in performance as little as possible as the scale of the network increases.  This requirement needs to the use of a self-optimizing peer-to-peer system for resource-request matching.
8. Easily deployable.  It should be trivial for anyone with a computer to deploy an OCEAN node; e.g., any high school or college student armed with a PC and a credit card should be able to deploy an OCEAN node, as easily as they today deploy KaZaa file-sharing clients.  With only a modest amount of network administration work, it should also be relatively easy to deploy OCEAN nodes even behind firewalls and within private IP address spaces.
9. Configurable.  With only a little extra effort on the resource provider's part, OCEAN server nodes should be able to be flexibly configured in a variety of ways, for example to be available only at certain times of day, or to set a certain pricing policy, or to provide access to special types of computational resources.
10. Unobtrusive.  OCEAN server software should coexist unobstrusively with other programs running on the user's machines.  So, for example, it should run at lower priority (with higher "niceness" on Unix) than interactive user processes.  It should (if possible) never hog all of the memory or other resources of a machine.
11. Easily programmable.  It should be extremely easy to write applications for OCEAN, so that, for example, any programmer who is fluent in C++ & Globus, Java, or C# can download the API libraries, read a reasonably short and simple API document (or a few “hello world” examples), and be able right away to start writing distributed OCEAN applications that can purchase and harness a variety of nodes to perform a computation.
12. Monitorable.  It should (ideally) be easy for human users and providers to monitor the state and interesting statistics of both their own nodes, and the OCEAN market as a whole.
13. Automatic.  The fundamental operation of an application deployer launching an OCEAN application, the application purchasing the resources it needs on behalf of its deployer, spawning child tasks on remote server nodes, performing its computation, and the resulting transfer of funds from the buyer to the seller (along with collection of any transaction fees by the market operator), should not require any human intervention.
14. Dynamic.  Of course the set of available resources, the set of outstanding resource requests, and the set of jobs running on the OCEAN will all be constantly changing, and the system should adapt to these changes as rapidly as can be feasibly accommodated given the other requirements.
15. Robust.  Insofar as possible, the system should be able to tolerate large fractions of its nodes going down or becoming disconnected from each other due to network failures.
C.2. Specific Relevance to the STI Funding Program
In this section, we quote some key phrases from the Strategic Technologies for the Internet Program Announcement and address them specifically, to emphasize the high relevance of the proposed effort.

“The primary purpose of this program is to support work that will have impact on the network infrastructure within 3-5 years, by supporting projects that advance the network infrastructure technology frontier.”

( OCEAN is exactly a network-based infrastructure project.  It has potential near-term impact, since it is developing rapidly.  We plan to release a prototype locally this year, and to the public a year afterwards.  (See our proposal for local deployment [19], and our 5-year marketing plan [
].)  It clearly advances the frontier, since there is currently no easy-to-use internet-based open market framework available for use by distributed computing applications.

“This program is designed to stimulate the development of critical infrastructure for the commodity Internet and/or advanced research networks…”

( OCEAN is designed as an infrastructure layer that can be installed on top of the commodity Internet, as well as on corporate intranets.  However, since it is a higher-layer protocol, there is nothing preventing it from also working with newer high-speed networks, such as Internet2.

 “have outcomes not currently under development, meet an infrastructure need not met elsewhere”

( No known existing or proposed competing project will provide exactly the key capabilities of OCEAN, specifically, an open, low-barrier-to-entry, dynamic, scalable, peer-to-peer market suited for exchange of access to computing resources, or any other commodity. (See §C.4.) Yet, the need for such an infrastructure seems clear.

“…are high risk…”

( OCEAN is indeed very high risk from an industry perspective, because significant applications will not be ported to use its capabilities until the infrastructure supporting those capabilities already exists, but the infrastructure development won’t be funded by short-sighted industry firms until some applications that harness it exist and the demand for the infrastructure is realized.  That is exactly why government support for this project is crucially needed to create this new piece of critical infrastructure.  Meanwhile, the open, scalable, extensible architecture of OCEAN, and its ease of use for developers, will together ensure that network effects are maximally leveraged, so that the grass-roots growth and adoption of OCEAN standards and technology occurs as rapidly as possible.  Previous similar ventures we know (see §C.4) were much more cumbersome for developers to use; such design flaws effectively prevented their success.
“…advance the national research agenda and conduct of science…”

( The OCEAN project was originally motivated by the PI’s desire for easy access to massive computing resources for his own particular computational science applications (quantum mechanical simulations and 3-D rendering for scientific visualization).  Providing a framework that is well-suited to meet the needs of the national academic (and industry) research community remains the primary focus of the OCEAN project.  We have elicited support from key faculty in several local science & engineering departments (Physics, Aerospace & Mechanical, Nuclear & Radiological, Electrical & Computer) to have students port specific research applications to our platform.  For example, Ali Haghighat, chair of the Nuclear & Radiological Engineering department here, and entrepreneur of radiological computing services, has assigned a Masters student to work with the project.  The UF College of Engineering’s committee on High Performance Computing [
] is beginning a major initiative to create an integrated cluster and grid computing infrastructure here on campus.  UF is currently soliciting a donation of several thousand machines for this purpose from Dell and IBM. OCEAN is being promoted locally for campus-wide deployment [
] to support scientific computing here at UF, with approval of UF’s vice-provost for IT.
“…have outcomes of interest to a broad range of the user community.”
( OCEAN has interest to the entire internet-using community.  Anyone who owns an underutilized desktop or server PC, or who manages an underutilized, possibly obsolete cluster would likely be willing to eke some additional benefit from those machines by selling their excess capacity on the OCEAN network.  Meanwhile, any academic researcher or developer of commercial software who wants the capability to harness any desired amount of computing power on demand can do so (once OCEAN is widely deployed) with a minimum of effort.  We are proposing to Microsoft to incorporate OCEAN capabilities into the standard developers’ toolkit for future releases of the Microsoft .NET platform.  As a result, even naïve end-users of internet technology may find themselves clicking a “Use OCEAN” checkbox to enhance the computing power of their shrink-wrapped, Windows-based consumer applications.

“The focus areas for FY 2003 are:  Advanced applications for the Internet, particularly collaboration tools, remote … access and grid-based applications, etc….”

( OCEAN might itself be considered the epitome of an advanced Internet application, as well as being a platform that supports the operation of more domain-specific applications.  It can be viewed as a collaboration tool, in the sense that it provides resource sharing, although the exchange of resources is automated and not human-mediated.  One collaboration-oriented aspect of the project is our planned system for collaborative extension of resource-description and transaction-constraint ontologies, coded in XML.  OCEAN is explicitly a tool for automatically obtaining rights for remote access to resources via payment, and it is explicitly designed to support grid-based applications.

“…techniques for identifying and reducing vulnerabilities in the Internet and advanced networks”

( If OCEAN becomes widely deployed, by its very nature it will expose such vulnerabilities, as a result of opening up and even advertising access to resources across organizational boundaries.  The risks of its deployment will nevertheless be outweighed by its benefits, for a large class of potential users.  Due to its transaction-automation and remote-access-authorization capabilities, OCEAN will significantly stress-test certain aspects of network security, such as the unforgeability of XML digital signatures used for our contracts, the integrity of the Java SecurityManager sandbox framework used in our Java grid system, and Microsoft’s similar sandbox environment in the Common Language Runtime virtual machine in the .NET Framework.  With widespread use of OCEAN, the most serious holes in these security mechanisms should be quickly identified and repaired.  Furthermore, for protection of users of remote resources, OCEAN plans to implement new schemes for certifying the correctness of remotely-performed computations, using some theoretical techniques that have been proposed in the literature [11,12,
].

“…technologies for enhancing the edges and network ubiquity: wireless (mobile, broadband, pervasive computing)”

( OCEAN has a significant application in mobile and pervasive computing, namely to allow lightweight mobile clients to have on-demand access to any needed amount of computing power, to support more sophisticated applications, via broadband wireless links to more powerful landline-wired systems.  Even the less power-limited desktop systems located at the edges of the network will still benefit from having easy on-demand access to even more powerful remote computing, like a utility.  OCEAN will therefore extend the range of viable applications for all peripheral network users.
In summary, OCEAN is a perfect fit both to the overall goals of the STI program, as well as to several of the focus areas for the current fiscal year.  The OCEAN project was already proposed for STI support two years ago (in FY 2001) [
], and received very positive reviews, but did not end up getting funded.  However, even without any funding, the project has progressed significantly in the two years since our last STI proposal, producing a number of conference papers and Masters’ theses, implementing many key components, and (via trial implementations and empirical simulations) clarifying many core research issues, such as those relating to the design of efficient peer-to-peer resource/request matching algorithm.
In this new proposal, rather than repeating our previous material, we have focused on carefully addressing the issues raised by the FY2001 reviewers.  It is our fervent hope that this time, the project will receive funding, so that we can continue pursuing OCEAN as an open, public system, rather than pursuing an alternative privately-funded approach, which would most likely require declaring intellectual property, distributing OCEAN code as proprietary binaries rather than open-source, etc.  Not only would this private approach make OCEAN more difficult for the academic community to use freely for research purposes, but it would also, in our opinion, hamper the overall level of grass-roots support and thus ultimately growth potential for OCEAN, in comparison with the alternative of it being a publicly-funded open standard, free for anyone to extend, reimplement, and deploy.
C.3.  Overview of OCEAN Architecture
Figure 1 below gives an overview of the software architecture of OCEAN, currently under development.  OCEAN is designed to be easily interoperable with popular Grid technologies currently under development.  OCEAN provides a value-added service of resource discovery and allocation in an open-market fashion that is not currently supported by any of the existing freely-available Grid systems.
Figure 2 below shows an abstract, high-level diagram of network communications within the OCEAN system.  The cloud in the middle represents a network of peering arrangements between OCEAN nodes (§C.6.1).  This P2P network comprises a complex graph of connections which are self-optimizing, in the sense that each node continually adjusts its peer list based on past experience, using a simple and efficient Bayesian statistical machine learning algorithm, so that eventually each node becomes most likely to be peered most directly with those nodes that are most likely to lead to a successful match.  (See §C.6.2.)  Eventually, in a later version, intermediate nodes whose work leads to successful matches will even be paid a small “finder’s fee” out of the overhead fees for the transaction.
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Figure 1.  OCEAN Software Architecture.  OCEAN will interoperate with other Grid systems, such as the Globus open-source Grid toolkit, the GriPhyN (Grid Physics Network) project, and the Global Grid Forum’s emerging Open Grid Services Architecture.  OCEAN will be a value-added service within the context of the growing installed base of such grid technologies.  We are also developing our own, very easy suite of Grid tools for Java and C# users who might rather not install the mainstream Grid tools, most of which are for legacy C++/Fortran/Unix environments.  Java and C# providers benefit from the enhanced security of a “sandboxed” execution environment.  OCEAN’s facility for market-based resource trading is implemented in a Web-Services model, using the XML and SOAP open standards being supported by the major industry players. Applications that use, monitor, or sell resources using OCEAN can be built on top of the Grid and Market facilities.
C.4.  Comparison Matrix of Related Projects
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There are a large number of past and present academic projects and commercial ventures that leverage one or more of the distributed (cluster and/or grid), market-based, and peer-to-peer computing concepts.  The below listing does not even include most of the application-specific projects, such as many special-purpose distributed computing applications, and various P2P-oriented file-sharing, file searching, and collaborative communication ventures.  Some additional narrative comparing OCEAN to some of the most important of the past & present Grid and market-based projects was given in the FY2001 edition of this proposal [21].  However, absolutely none of the current projects, so far as we have been able to determine to date, actually combines all of these important capabilities in a single, complete, application-independent, market-based, wide-area-capable grid system, including especially the crucial qualities of extremely low barriers-to-entry and high ease of use for resource providers, application developers and end users, as well as support for multiple important language/runtime platforms, both the traditional legacy environments (such as Unix/C++/Fortran) and key state-of-the-art, emerging environments (Java 2 Enterprise Edition / .NET Common Language Runtime).  In other words, a system that is truly OCEAN-equivalent (or OCEAN-subsuming) simply does not yet exist, and furthermore has not even been proposed by our competitors.
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Figure 3.  Comparison matrix between OCEAN and selected distributed/P2P computing projects and ventures.  Others that we have also looked at but removed from the chart for conciseness include:  2AM Inc., Alien@GRID, Apples, BaseOne, Bond, CAN, CapCal, Centrata, CERN DAS, Data Grid, Chord, cJVM, Compaq Grid Solutions, CORBA, Covise, DesignDrug@Home, DISCWorld, DOE Science Grid, Ejasent Inc., eMikolo Networks, Enron exchanges, EROPPA, ExactOne Inc., FirstPeer, Folding@Home, FreeMarkets, GCTI, GLUE, Gossip, Globe, Gridbus Project, GridFrastructure, Grid Interoperability Project, HARNESS, HEPGrid, HTC, InfoSpheres, Javelin, JaCo3, JaWs, Juno, JXTA, Lightshare, MetaMPI, METODIS, Mithral (COSM), MOL, NSF Middleware Initiative, NASA Information Power Grid, NetSolve, NINF, Noemix, Oculus Technology Corp., OpenDesign, Inc. PARDIS, Pastry, Poznan Metacomputing, Punch, RSA Factoring-by-Web, Semantic Grid, Simulant Feanor, Spawn, Sun Grid Engine, Tapestry, Ubero, UNICORE, WAMM, WebFlow, WebSubmit, and XtremWeb.  Despite the large number of vaguely related projects, we have not yet found any that actually provides all the key features of OCEAN.
C.5.  Application Areas and Application Development Plan
Like other Grid initiatives, OCEAN has an enormous range of potential applications, from all areas of computational science and engineering, including medicine & biosciences, to applications in business, finance, computer animation, etc.  However, we believe that the success potential is much greater for OCEAN than other ventures, due to its peer-to-peer, market-based aspect, as well as its emphasis on ease of use and its support for both modern and legacy application environments.
The total size of the commercial and academic market for OCEAN-like facilities is difficult to estimate, but clearly the potential areas for application are significant in size, and comprise a fast growing market.  Eventually, OCEAN might even serve a significant fraction of the world’s computing resources.  But first, let us take a look at some specific vertical application areas of interest.  Perhaps the best way to estimate the potential market size is to examine the individual application areas and industries.  The current market opportunity for distributed processing and high-performance technical systems is about $2.4 billion, according to a market overview by Stearns and Co. [
].  Lehman Brothers has also researched the market for direct applications of peer-to-peer technologies [
].  Some of the important potential application areas that we anticipate for OCEAN include:
· Science:  All of computational science, including computational genomics/proteomics, protein folding, quantum computer simulations (Dr. Frank), high-energy physics (collaborator Dr. Avery) and astrophysics simulations (e.g., QCD lattice models), quantum chemistry, medical radiology (collaborator Dr. Haghghat) & diagnosis, astronomical/geophysical data/image analysis, weather forecasting.

· Engineering:  Computer graphics rendering/animation (Dr. Peters), engineering visualization, finite-element modeling for stress analysis and computational fluid dynamics (collaborator Dr. Shyy), VLSI circuit simulations, quantum mechanics simulations for nanodevice engineering (Dr. Frank), image processing, (Dr. Schmalz), pattern recognition and machine learning (Dr. Frank), combinatorial search and optimization algorithms, genetic algorithms for automated design evolution, etc.

· Government: Nuclear stockpile simulation, missile defense, cryptography and cryptanalysis, political and military simulation/analysis, and signal processing and intelligence analysis.

· Consumer: Home multimedia production, multiuser gaming, speech and handwriting recognition, computer vision for home security systems and household robotics, high-powered remote applications for mobile users.

· Business:  Software distribution; financial trading/analysis/settlement, competitive analysis, distributed database query systems & web service testing (Dr. Hammer), data mining (Dr. Ranka).
Note that for highly sensitive government and commercial applications, OCEAN could be deployed internally within organizational intranets for added security.

Some projected 2004 market sizes, as sampled below in Figure 4, further underscore the point that application markets will require even greater resources in the future as they continue to grow.  

	Industry
	2004 Projected Market Size
	Data Source

	Biosciences IT
	$11.6 billion
	IDC Research

	Animation
	$8 billion
	Roncarelli Report (20% of $40B market)

	Bioinformatics
	$2 billion
	Oscar Gruss and Sons

	Web testing
	$450 million
	WitSoundview 6/4/01 report

	All Windows software
	$60 billion
	IDC Research

	Automated SW Quality (ASQ) tools
	$2.2 billion
	IDC Research


Figure 4.  Summary of selected results from preliminary application market research performed by OCEAN members in partnership with collaborators in the Virtual Asset Exchange [
] project.
The market clearly exists for an effective scalable solution.  Distributed networks can provide supercomputing power for appropriate applications at personal computer per-CPU prices, or less due to the harnessing of underutilized resources.  The evidence points to distributed and peer-to-peer computing as a growth market.  What has not yet been achieved is a fully automated and scalable open auctioning system that both provides benefit to the user through increased computing power and to the resource suppliers through fair compensation.  The use of standardized Grid architectures and easy entry pathways into the market will allow OCEAN to benefit a wide range of customers. The actual double-bid auctioning system run by the software could potentially trade any commodity or facilitate any definable market.

C.5.1.  Application Development Plan
Obviously, a key requirement for the success of OCEAN will be the rapid development of applications for it.  This in turn leads to our requirement that OCEAN be extremely flexible, yet simple to understand and use for developers, since otherwise, they will not bother to learn and use it.  An adequate API design that is highly optimized for usability, as well as associated documentation, training materials and support must be produced to elicit grass-roots enthusiasm for the technology from among developers.
To evaluate the quality of our APIs and documentation, we will begin by using them for computational science & engineering projects within our team of senior personnel and students in our department.  In addition, one of our former graduate students, Chaitanya Chokkareddy, who is now a professor in India, will recruit his students to develop various OCEAN-based applications for their student projects.  Once the early kinks are worked out, we will distribute our materials more widely to the entire large high-performance computing community here at UF, starting with our informal collaborators in other departments at UF who have agreed to work with OCEAN, including Ali Haghghat (Nuclear & Radiological Eng.), Wei Shyy (Aerospace & Mechanical Eng.), Alan George (Elec. & Computer Eng.), so that their students can try using the OCEAN development environment for their custom computational science & engineering research codes, and give additional feedback on its design.  Finally, we will make OCEAN materials available to all of academia, as well as the general public, publicize its capabilities at conferences, and approach major potential commercial customers in the various target industries, to give them free training seminars on the use and benefits of OCEAN.
C.6.
Samples of OCEAN Technology in Progress

Although the detailed design of the OCEAN protocols remains in flux, significant progress has been made in the last two years towards refining and implementing various specifications and reference implementations for components of the OCEAN system.  In this section, we provide samples of technical details of several components, to give the flavor of the work that is being accomplished.
C.6.1.  Resource/Request Description Language
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In OCEAN, we use an XML-based constraint language for matching the needs of resource users to the offerings of resource providers.  The language is very general and can be easily extended to describe any type of resource requirements, including constraints on the CPU, memory, disk, network bandwidth, auxiliary hardware, software runtime environment, auxiliary libraries/databases, as well as various constraints on the acceptable sales agreement details, such as price details (currency, units), schedule for usage of resources, limits on use, method of payment (play money, OCEAN account transfer, intraorganizational journal transfer, OFX, PayPal, e-Gold, digital cash, credit card), means of payment (direct transfer, OCEAN-mediated, escrow through OCEAN CAS) and schedule of payments (up-front, on-delivery, post-hoc, periodic).  Each software application using or providing resources can decide how many constraints to specify up-front in a “trade proposal” for use in the distributed P2P matching/auction system. 
To reduce the computational demand on the matching system, the semantics of the constraint language is kept very simple (specifying only a Boolean combination of minimum constraints that must be satisfied). More involved (Turing-universal) custom matching criteria can be applied later by the buyer and seller in the negotiation stage, if desired.  The matching process eventually leads to a one-on-one negotiation between buyer and seller, at which point complex custom strategies for deal optimization can be used. A ver simple “yes-or-no” negotiation strategy is provided in the system, as a starting point for developers.

Although the precise design of our resource-description / constraint language is still evolving, Figure 5 shows a mocked-up example to give the idea of the type of language features that we are considering.  This is a hypothetical request from a buyer for an access agreement that allows him to lease a certain package of resources, consisting of (1) exclusive access to a ≥2 GHz Intel Pentium4 or better machine running RedHat (v.7.3 or greater) Linux and with Globus ≥3.0 and the linpack library pre-installed, (2) shared access to a Beowulf cluster of at least 10 machines, also running linux, (3) network storage of ≥10 GB, and (4) unlimited usage of a ≥100GBps Ethernet connecting the machines and the network storage.  The buyer wants to access this system immediately in any desired usage pattern, for a period not less than 2 hours, but no more than 1 day, paying by the hour at a flat rate of not more than US$1 per hour.  Payment will be made via a direct transfer from his OCEAN account to the seller’s account, but the buyer wants to be able to wait at least 1 day between completion of the resource usage and payment, presumably to give a human user a chance to manually inspect and dispute whether the resources were provided as agreed.  Namespace qualifiers and schema URNs are omitted for readability.
Note the use of inequality constraints on the numeric values of various parameters.  Such constraints, together with Boolean combinations (conjunction/disjunction) thereof, will be automatically processed by the matching system at each node, to determine whether any of the locally-available trade proposals are compatible with the given proposal.  For “buy” trade proposals, any unspecified details are assumed to be unconstrained, whereas for “sell” trade proposals, only the explicitly specified details are assumed to be available.   The matching node will propagate the buyer’s trade proposal to a subset of its peers, in a fashion intended to maximize the number of matches found, while limiting the resources consumed in the matching system.  (More details below.) A successful match leads to communication of the matching trade proposal back to the buyer, and possible initiation of detailed negotiations between the buyer and seller.
[image: image5.wmf]C.6.1. MarcoPolo P2P Matching/Searching Protocol

[image: image6.wmf]MarcoPolo [
] (named after the swimming-pool game) is our newest experimental peer-to-peer resource/request matching algorithm.  It is based on undirected peering relationships between nodes, which constitute mutual agreements to directly process and/or forward network search requests from each other.  A node joins the network by querying an initial peer, which, if its peer quota is full, pushes the new node further out towards the network edges.  A node can conveniently retrieve a list of all nodes that are located within n peering hops (see Figure 6), via a Marco (“Who’s there?”) broadcast, to which all nodes within the given range reply with a Polo (“Hello I’m here.”) response.  As in our earlier P2P algorithms, a node can gradually optimize its “location” in the P2P network by modifying its set of active peering arrangements, so as to be located nearby (within few hops) of nodes that have a record of past matching success.  See §C.6.2.
C.6.2. UnderTow P2P Network Self-Optimization Algorithm

In peer-to-peer message-passing systems for resource/request matching, we wish the network to be adaptively optimized in response to dynamically-changing patterns of availability of resources that meet the needs of currently popular requests.  Given fast-changing availability and pricing information, maintaining a static index (whether centralized or replicated) of all nodes on the network would be prohibitive.  Instead, we use a P2P architecture in which each node only maintains local knowledge about its immediate logical neighbors (direct peers).  Nevertheless, by collecting statistics about the past matching performance of its neighbors, a node can adaptively modify and customize its set of peers over time, in effect “moving” logically through the network.  If there have been nTrials queries to a neighbor, of which nSuccess have resulted in successes, then the correct Bayesian expectation of future successes (obtained by integrating the Beta-multinomial distribution) [
] is given by the expression (nTrials + trialBias)/(nSuccesses + successBias), where trialBias/successBias corresponds to the prior probability of success before collecting any data.  This machine learning approach can be tuned to be maximally sensitive to the most recent data by exponentially decaying the nTrials and nSuccesses statistics over time.  In UnderTow, which is a variation on this general approach, peers are rated not just on the total number of successes resulting from queries passed through them, but more delicately, based on the number of successes per unit distance (in hops) that the message was forced to travel before success.  This is one way to bias the results towards nodes that not only match successfully, but that do so most efficiently.  An alternative tried earlier in another experimental algorithm, Wave, was to count as successes only those matches that resulted in an eventually successful transaction, which naturally tended to be the ones that were found most quickly.  However, UnderTow empirically tends to evolve much faster than Wave, because it utilizes more of the available data produced during the matching process.
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C.6.3. Lightweight Code-Migration Facility for Java

In addition to supporting compatibility with existing Grid frameworks such as Globus, in OCEAN we are also implementing our own, lightweight facility for code migration in Java and C# which can be utilized by users who prefer to avoid the overheads associated with a complete Grid infrastructure.  The following stripped-down version of a working example in Java is intended to illustrate just now ridiculously easy we intend OCEAN to be for developers to learn and begin using.  Although the detailed capabilities of OCEAN are quite sophisticated and powerful, a developer who is happy to accept all the built-in system defaults (for negotiation strategies, payment methods, etc.) can begin writing applications in Java and C# that buy and utilize remote resources with very little effort.  Even somewhat more customized uses of OCEAN are intended to be comparably easy as well.
import ocean.tsm.*, ocean.trading.*;
/**   The Hello world agent - Continually just jumps from one machine to another,


Paying for access as it goes, at market prices, and printing “Hello” on the 

console of each machine used.  */

public class Hello extends DefaultOceanTask implements Serializable {

    public Hello() { }

    public void run() {

        System.out.println("Hello World!");

        /* Buy generic OCEAN code-migration access to some remote machine, using 
            default trade-proposal parameters, then use the Task Spawning &
            Migration system (TSM) to migrate (transfer) the current task to 
            that machine.  */

        TSM.migrateTask(this, Trader.ProcureRemoteTSMHost());}

    public static void main(String args[]) {

        TSM.spawnTask(new Hello());}}       // Start up the Hello mobile-agent.
C.7.  Security Concerns in OCEAN
Security is of course a major concern for any internet-connected system.  Users want security, and OCEAN attempts to make all reasonable accommodations to provide it.  But we believe that the art of good systems design lies in creating an intelligent compromise between security and other needs for the majority of the most important applications.  The Internet itself is wildly successful despite the fact that its own core low-level protocols (TCP,IP,DNS) provided essentially no support for security in their original incarnations, and to a large degree even today.  The Internet’s benefits of interoperability, simplicity, and reliability outweighed its security issues for millions of early adopters.  We view OCEAN in the same way; that is, we feel that the basic service it provides is so beneficial that many people will use it even if its security provisions are not perfect.  Our goal is to implement enough security so that the majority of plausible applications of OCEAN are facilitated with reasonably sufficient protections, but not so much security that the system’s design and day-to-day operation becomes bogged down with constant security-related headaches.  In view of this overall stance towards security, we have implemented or are planning to implement the following security provisions in our primary public release of OCEAN:

1. Registration validation.  Verification of a user’s real-world identity before automatic generation of digital certificates by the OCEAN Certificate Authority will initially be cheaply approximated using confirmation-soliciting email messages sent to the user’s declared email address, rather than by some more labor-intensive approach (e.g., having a human employee telephone the registrant).  This approach is vulnerable to man-in-the-middle attacks through email interception and spoofing, as well as to the use of email anonymizers, but it is nevertheless considered secure enough to be the basis of registration procedures for many existing commercial websites.  For many applications, the low cost of this approach will outweigh its risks, practically speaking.
2. Digital signatures.  Sales agreement contracts will be protected against forgery and repudiation by the use of standard XML digital signatures, which we have already implemented.  The signatures are verified using public-key certificates that are created during the registration process.  This is easy and it provides a degree of protection that is as strong as the method used for identity verification during the registration process.  Signatures are also required for performing manipulation of OCEAN accounts that involve real money (e.g., transfers and payouts).
3. Encryption.  Standard TLS (Transport Layer Security) and/or SSL (Secure Socket Layer) stream encryption techniques will be used to ensure privacy of sensitive data, e.g., during registration and account creation protocols.

4. Access control.  Access to computational resources made available on the OCEAN will be carefully guarded by requiring each access request to be associated with (signed with the same public key as) a digitally-signed purchase agreement for use of those resources.  If a user abuses the purchased resources, it will be possible to trace them through the email address verified in the registration process, and hold them accountable for the abuses.

5. Sandbox environments.  Providers of Java and CLR (Microsoft .NET Common Language Runtime) runtime environment platforms will benefit from virtual-machine-level security guarantees.  The activities of client jobs running in these environments are carefully circumscribed, and in theory cannot step outside the specific access rights granted within the SecurityManager context of the particular sandbox.  Of course, vulnerabilities in the sandboxes are constantly being found and patched.  But OCEAN will be at least as secure as other Java or .NET mobile-code systems, and we feel that the use of these environments constitutes a reasonable accommodation that is in practice fairly unlikely to be compromised in any specific instance.  Unfortunately, users of legacy environments (C++/Fortran) cannot depend on language-level security.  There are other ways to provide protection, e.g., by intercepting system calls (such as with ptrace on Unix) and using OS-level resource control mechanisms (e.g., non-root Unix accounts).  However, these are more cumbersome to implement than the Java/C# approaches.  Realistically, a tradeoff between security and functionality is needed, and ultimately, it is up to the individual resource provider how much to trust remote users not to abuse the resources, and to negotiate an access agreement that provides the seller sufficient assurances against and compensation for the risk.  If a system is compromised, the access control provisions of (4) will often allow the offending user to be found and punished, to deter abuses.
6. Payment escrow.  One easy provision to discourage transaction fraud is an escrow service where payments for resources are held by OCEAN until the buyer declares satisfaction, or a timeout expires.  This prevents either the buyer or seller from being able to quickly “take the money and run” if a dispute arises over whether resources were actually provided as per the sales contract.  In case of a dispute over a large-value transaction, a human arbiter can step in and discuss the situation with both parties.  Several commercial internet-based payment-escrow services exist already.  We would utilize one of these services or integrate a similar functionality into OCEAN directly.  We have already done some design work in this direction.  (See fig. 9 below.)

7. Computation certificates.  Certain theoretical techniques (see e.g. [11,12,20]) offer the prospect of automatically resolving disputes over computational contracts, by requiring the resource provider to provide a certificate (in the form of a certain type of probabilistically-checkable proof) that actually proves (with high confidence) that the specific job submitted by the buyer was in fact run correctly and to completion.  However, currently known techniques impose a significant constant-factor overhead on job processing.  Finding ways to reduce these overheads is an interesting fundamental research problem that we will investigate.
8. Intranet deployment.  For organizations most concerned about security breaches, OCEAN can be deployed in local fashion, behind the corporate firewall, on an enterprise intranet.  If the organization is small, this will reduce the advantages of OCEAN somewhat, since the organization’s internal computing needs may not be very level, and so resources may still end up being underutilized at times.  Nevertheless, it is expected still to be beneficial relative to the alternative of no resource sharing.
[image: image7.wmf]C.I. Statement of Work to be Undertaken - C.I.a. Objectives and Significance
[image: image8.wmf]The below table outlines our key objectives for each quarter-year before and during the award period.  Below each year’s summary, the significance of that year’s work is noted.
	Year
	Quarter
	Research/Theory Goals
	System Development Goals

	Year 0 

(Jan.-Dec. 2003)

(pre-award)
	1st (Jan.-Mar.)
	Business/accounting research (
	Test P2P system (

	
	2nd (Apr.-Jun.)
	Design API for science users
	Implement OCEAN accounting system

	
	3rd (Jul.-Sep.)
	Prototype small science apps.
	System integration / documentation

	
	4th (Oct.-Dec.)
	Test prototype apps., publish results
	Internal OCEAN deployment in our lab

	Significance of year-0 work:  Even before the funded work period starts, the initial OCEAN prototype and simple scientific test applications will be working and preliminary results published.

	Year 1 

(Jan.-Dec. 2004)
	1st(Jan.-Mar.)
	Design major computational science apps. (Peters/Schmalz/Hammer)
	Deployment of OCEAN throughout UF’s College of Engineering

	
	2nd (Apr.-Jun.)
	Science apps. – Development
	Local alpha-testing using play money

	
	3rd (Jul.-Sep.)
	Science apps. – Testing
	Features/bugfixes based on test results

	
	4th (Oct.-Dec.)
	Publish results of science apps.
	Public beta release of OCEAN using real money, offered for free by UF

	Significance of year-1 work:  After year 1, a working beta release of OCEAN will be publicly available.  Subsequent rapid growth of usage due to design advantages, publicity from conferences / discussion boards / word-of-mouth.

	Year 2

(Jan.-Dec. 2005)
	1st (Jan.-Mar.)
	Investigate market/auction theory
	Incorporate beta-test feedback.

	
	2nd (Apr.-Jun.)
	Experiment with alternative auction/negotiation mechanisms
	Complete reference implementation.

	
	3rd (Jul.-Sep.)
	Develop tools for collaborative extension of XML resource schemas
	Submit OCEAN protocol specs to international standards bodies.

	
	4th (Oct.-Dec.)
	Publish market/collaboration results
	Publish final results; plan privatization.

	Significance of year-2 work: By the end of year 2, the reference implementation of OCEAN should be a stable, reliable high-performance platform based on sound market theory and flexible, collaborative extension of its standards.  At this point we begin to see a large impact (e.g., significant new projects based on OCEAN springing up).

	Year 3

(Jan.-Dec. 2006)
	1st (Jan.-Mar.)
	Research new advanced security techniques for OCEAN (computation certificates, etc.).
	Design commercially-viable version of OCEAN, for operation e.g. by a self-sufficient non-profit subsidiary of UF.

	
	2nd (Apr.-Jun.)
	Implement new security measures
	Implement & release commercial vers.

	
	3rd (Jul.-Sep.)
	Test new security measures
	Testing & enhancement of release.

	
	4th (Oct.-Dec.)
	Publish new results on advanced security measures within the computer security community.
	Try to get papers & press articles about OCEAN into widely-read magazines (e.g., Scientific American, Wired).

	Significance of year-3 work: Due to the important new features from theory research in years 2+3, the range of applicability and popularity of OCEAN is further increased.  It is now viable as a self-sufficient non-profit entity in which minimal transaction fees cover the costs of operation of the central services.  It starts to be a household word.


C.I.b. Relation to Longer-Term Goals

The proposed work plan directly targets the long-term goals of the OCEAN project, and is therefore rather ambitious, but we believe this speed is necessary due to the current explosion in attention to Peer-to-Peer and Grid technologies.  We would like to see that our approach (of easy market-based computation) becomes widely available sooner rather than later, in a flexible and compatible form, so that users will not be faced with a possibly burdensome migration from a less flexible alternative resource-allocation approach to our better one as the technology evolves.  In the OCEAN project, we wish to short-cut the technology evolution, and provide the best solution that we can currently envision, with as little delay as possible.
C.I.c. Relation to State of Field and to Work in Progress Elsewhere

This was already addressed extensively in section C.4 above, as well as in the FY2001 edition of this proposal [21].  Many distributed computing projects are currently ongoing, but none that we have seen are nearly as comprehensive as OCEAN in aiming of accomplish all of the key requirements that we believe will be essential in order for distributed computing and Grids to progress from being the exception to being the rule for (perhaps, eventually) the majority of commercial computing.
C.II.  General Plan of Work – C.II.a.  Activities to be Undertaken
C.II.a.i.  Infrastructure Work - Michael Frank (PI), Sanjay Ranka (co-PI), and Abdelsalam Helal (co-PI) will have primary responsibility for supervising design and implementation of the infrastructure.  Dr. Frank, who started the project and has already supervised a large amount of student work on the project over the last 3 years, will be the lead designer on OCEAN itself.   Dr. Ranka will focus on the important issue of compatibility with other emerging Grid projects and standards, such as the GriPhyN (Grid Physics Network) project [
] with which he is already involved.  Dr. Helal will apply his extensive expertise in Internet Computing to refine the OCEAN infrastructure design in a variety of ways, for example to be compatible with the Mobile-Agent, Workflow Management and Pervasive Computing infrastructures that his group has developed.  Dr. Meera Sitharam, an informal collaborator in our department, has done some work [
,
,
] on non-cooperative game theory as a market model for network resource allocation, as well as on the effects of pricing, and is willing to serve as a local source of expertise in that area, as we strive to improve our market & pricing mechanisms. In addition, the infrastructure design process will continually incorporate input from the applications-oriented senior personnel and other informal collaborators at UF, as to their needs and requirements for infrastructure capabilities, as they proceed to implement significant applications that also further their own scientific research goals (see below) on top of the OCEAN infrastructure.  Also, we are involved in collaborations with other researchers who are working on related infrastructure projects; continuing interactions between the projects will likely influence the design of our OCEAN, as it incorporates ideas from other projects or is designed to be compatible with them.  For example, we are collaborating with Rajkumar Buyya of Monash University, Australia regarding interoperability between OCEAN and his Compute Power Market project [
], for example to use OCEAN’s peer-to-peer matching system as a pricing mechanism for his system.
C.II.a.ii. Applications Work - This work ensures that OCEAN is truly a strategically beneficial infrastructure that facilitates useful research and development of all manner of applications.  Here, we break down the applications work by the senior personnel and other collaborators who will be primarily involved in it.
Sanjay Ranka (co-PI) - A. Data Mining: In many practical environments, the data/execution resources required for mining and exploration tools are distributed among sites which may belong to different organizations and may have policies limiting access to data and other resources.  We are developing middleware that will enable distributed data mining and exploration in such an environment. Users will be able to explore and mine information using state-of-the-art data exploration and data mining primitives. Data owners will be able to ensure that all users are given access to data based on their privileges, and guarantee that a user does not compromise privacy constraints. System administrators will be able to effectively manage the available resources and provide users constrained access to them based on the organization's policy.   The use of OCEAN will allow bartering of storage, compute resources and access rights for this middleware, facilitating execution  in a collaborative environment.
B. Resource scheduling is a critical issue in executing large-scale data intensive applications in a grid.  Due to the characteristics of grid resources, traditional scheduling algorithms are not suitable for grid computing.  We are developing a fully distributed, fault-tolerant system called SPHINX that provides new distinct functionalities, such as execution time estimation, dynamic workflow planning, enforcement of policy and QoS requirements, and VO-wide optimization of throughput.  Sphinx complements OCEAN, which will provide an important set of services that will allow multiple users and organizations to barter resources.

Jorg Peters (co-PI) – A. Computational Geometry Application:  Database of vertex neighborhoods in a 3D space partition.  A vertex in a 3D space partition can have four neighbors or five neighbors in two different configurations or six neighbors in twelve combinatorially unisomorphic configurations. Enumerating  all such connectivity-distinct configurations and pruning out all isomorphic cases is compute-intensive.  The result, even though exponentially growing with the number of neighbors, can be stored in compressed form and made accessible as a data base entry.  At present, determining the entries for n=15 neighbors requires 15 hours on the best computational facilities in the department.  We will leverage the OCEAN system, graph isomorphism algorithms and eigenanalysis packages to analyze associated 3D subdivision fields.  The 3D fields will be used for particle distribution simulations in closed environments.  Both simulation and visualization require extensive computational resources.  B. Computer Graphics Application: Web-based rendering farm for realistic animation. Currently high quality animation is achieved by dedicated rendering farms that take the graphics scene through various filters (include ray-tracing, shadows, etc.) Public tools are available but computational resources are still expensive.  The OCEAN network would replace this dedicated computational environment to allow realistic rendering of a small movie on a low budget.
Mark Schmalz (co-PI) – Image Processing & Image Algebra Applications - Dr. Mark Schmalz (Co-PI) specializes in image and data compression, image and signal processing (ISP), and computer vision (CV).  In the proposed OCEAN project, Dr. Schmalz would apply his expertise in adaptive systems design, network computing, ISP/CV, and performance analysis to (a) develop ISP/CV applications for the OCEAN system, and (b) measure and analyze the performance of a wide variety of image-related tools and applications on the OCEAN platform.  Such applications are of key importance to rapidly expanding areas of technology including Internet video, telemedicine, and distance learning.  Efficient porting of these applications to OCEAN would be facilitated by an image algebra application programming interface. The proposed effort leverages over 15 years of experience at UF in porting image algebra to a wide variety of sequential and parallel workstations, massively parallel processors, digital signal processors, and adaptive or reconfigurable computing systems [
,
]. After porting image algebra system to the proposed OCEAN platform, Dr. Schmalz further proposes to implement, test, analyze, and evaluate a wide variety of proven ISP/CV applications in image algebra, such as object recognition, video segmentation, image and signal compression, automated error analysis and profiling routines, and medical image processing algorithms [
,
].  This diverse suite of applications is both I/O- and compute-intensive, and provides a flexible yet highly specifiable suite of performance measurement and analysis benchmarks for the OCEAN platform.  The proposed benchmarks would extend more common benchmarking program suites such as SPEC or iCOMP benchmarks to include multi-level data abstraction with I/O- and compute-challenged behavior designed specifically for the OCEAN paradigm.  Performance would be analyzed in terms of computational error, as well as space and time complexity [
,34].
Joachim Hammer (senior personnel) – Mobile Agents & Data Grids. Dr. Hammer will develop mobile software agents that use the OCEAN infrastructure for migration and communication, as well as a distributed computing platform.  In the context of B2B commerce, such agents can search for and gather corporate resources by visiting the relevant trading partners, and if necessary, carry out negotiations on location. This model of bringing the computation to the data is often more efficient than moving large data sets of which only a fraction is really needed.  We will also develop a data grid to perform massively parallel alignment searches of expressed sequence tags (EST) against proprietary and public genome repositories. Such a data grid, which would make all of the distributed databases and analysis tools appear as if they were available locally, has many challenges including moving and tracking large amounts of data and dealing with heterogeneities at the data, storage, and application level. However, such a grid would enable the solution of problems no existing distributed technology is capable of addressing.

Several informal collaborators at UF and elsewhere have also expressed interest in porting their distributed and high-performance applications to OCEAN, but detailed descriptions of their specific projects are omitted for brevity.
C.II.b. Experimental Methods and Procedures
The design of the OCEAN standards and the development of its prototype will involve normal structured software engineering procedures, with modular design and code reuse, regression testing of components, and acceptance testing of  the complete system versus requirements.  OCEAN nodes will first be deployed widely on computing resources throughout the department and university, and the market mechanisms tested in real practice to ensure their stable operation.  However, the infrastructure cannot be thoroughly tested and benchmarked without a wide variety of user applications; that is the reason for the application work described above.  Standard methods of performance characterization will be applied to determine how efficiently the OCEAN network runs these applications, and how well its performance scales with increasing numbers of processors.  The results will be compared to the performance of running comparable applications on pre-existing platforms.  The market mechanisms will be tested initially using accounts of “play money” assigned to the various application development groups; multiple applications will be run simultaneously on the OCEAN, and the market mechanisms will be examined for features of price stability, fairness, etc.  Results of all OCEAN experiments will be recorded methodically for use in research reports.
C.II.c. Preservation/Documentation/Sharing of Research Products

All standards, design documents, source code, application code, experimental data, and results of the OCEAN project will be made permanently publicly available via the web by the UF CISE department.  In addition, the major novel elements of the design and the experimental results (e.g., on new P2P algorithms) will be archived via journal publications.  A main goal of OCEAN is for it to become a universal standard; if this goal is achieved, some standards organization such as W3C, ANSI, ISO or other consortium eventually will take over the primary responsibility for maintaining and distributing the standard.
C.III.  Broader Impacts -  C.III.a.  Integration of Research and Education
OCEAN has already been the focus of dozens of student-semesters’ worth of unfunded graduate and undergraduate research and design projects, and so has played a significant educational role already.  We anticipate that the high enthusiasm already displayed by students for this project will increase further once  funding becomes available.  The student work plays an important role in helping students to learn about critical emerging internet technologies.  The other collaborators working in various aspects of OCEAN also have students who will also become trained in distributed programming and the use of OCEAN-like infrastructures.  We believe that programming for such platforms will inevitably become an important software engineering skill sooner or later, whether or not OCEAN itself becomes the eventual standard.  New course development.  Dr. Frank is designing a new course for Spring 2004 called Distributed Computing Technologies; it will survey key distributed computing technologies, including web-service, cluster, Grid, Peer-to-Peer, and Market-based technologies, emphasizing OCEAN-related technologies, as well as OCEAN itself.  The course will bring lessons learned from OCEAN to the classroom.

C.III.b.  Participation by Underrepresented Groups

Dr. Frank is active in encouraging participation by women, minorities, and other underrepresented groups in his projects.  He often serves in UF’s Undergraduate Minority Mentoring Program and he has worked to help ensure diversity in the student body through his role on the CISE department’s graduate committee.  This committee has often striven to ensure that women and students from underrepresented foreign countries are especially encouraged to attend the UF CISE graduate program.  The other senior personnel and collaborators on OCEAN themselves hearken from a wide variety of nations and backgrounds, and will help to ensure diversity in the project as a whole.
C.III.c.  Enhancements to Infrastructure for Research and Education

The explicit goal of OCEAN is to provide an extensive, scalable, easily usable infrastructure for distributed computing in all its forms.  As such, it will directly facilitate an enormous variety of new, large-scale research projects that would not otherwise have been possible, projects that harness large numbers of distributed servers, or widely-wandering mobile agents.  It also facilitates education in the design and use of computationally-intensive tools and technologies, since it provides an environment in which students can cheaply harness vast amounts of computational power for their computational projects for short periods of time.  Many schools might not be able to afford to purchase large clusters of computing servers for students to run their big projects on – but schools or even individual students might easily be able to afford to rent the needed power for short periods.  The educational applications are especially appropriate since their needs are so “bursty” - student projects often are run in large waves late in the semester, rather than continually over time – so school-owned, fixed resources for student projects are currently chronically underutilized or overloaded during prime seasons.  OCEAN would solve this problem by leveling resources between all types of users (students, researchers, industry) who have different schedules.
C.III.d.  Dissemination of Results

The OCEAN project has received preliminary press exposure in PC World magazine, the ABC News local TV affiliate in Orlando, and various newspapers around Florida, which led to inquiries from people eager to begin using the system.  As the project develops, it will be further publicized through additional conference publications, announcements on relevant Usenet newsgroups and mailing lists, link sharing with related projects (which has started already), and so forth.  Third-party application development houses will be contacted and provided with free training sessions to teach them how to write applications for OCEAN, by showing them examples that our grant-funded applications work will develop.  Once the OCEAN services are available, and anyone can begin to earn money by running applications for end-users, we expect that word-of-mouth will contribute significantly to further dissemination and growth of the OCEAN concepts and standards.  As grass-roots attention is drawn to the project, our large and growing collection of original research on market-based distributed computing will be more widely seen and understood.
C.III.e.  Potential Benefits to Society at Large

In making computational resources a more liquid commodity, OCEAN will have some extraordinary benefits for society at large: (1) It will make computation cheaper for everybody, by reducing the waste of unused cycles caused by varying individual usage.  (2) At the same time, it will aid the computer industry by making computers themselves more intrinsically valuable on average – if a user can potentially recoup the cost of a computer by selling its unused cycles on the OCEAN, rather than wasting them, he may be willing to pay a higher price for the machine to begin with. (3) It will enable new kinds of computing applications that would not otherwise have been feasible, most especially, applications that require large amounts of parallel power for relatively short periods of time, and applications that require mobile agents.  Due to the OCEAN’s open architecture, applications that harness the power of OCEAN can be developed by third-party vendors and then used by anybody – so that in the future, the financial analysis package on one’s desktop, for example, may silently harness the power of thousands of distributed servers so as to return an answer more quickly.  Or, an airline-reservation web site might harness a vast, distributed database running on top of OCEAN to rapidly process an itinerary-searchi transaction.  Finally, by supporting important research using computationally intensive basic science & engineering applications, OCEAN will facilitate the more rapid advancement of basic science and technology, with the resulting indirect benefits to society.
C.IV.  Results from Prior NSF Support
Dr. Frank and Dr. Ranka have not had related NSF support within the last 5 years.  However, Dr. Frank’s graduate work was supported by an NSF Graduate Fellowship from 1992-1995, and it was during this period that Frank first studied market-based computing under Dr. Jon Doyle, then of the MIT Lab for Computer Science.  A fellow student of Doyle during this period (R.J. Bodkin) suggested the idea of bringing market-based computing to the internet to Frank in 1996.  Frank’s NSF graduate fellowship thus led indirectly to the very conception of OCEAN, as well as supporting Frank’s Master’s thesis work [27] on decision-theoretic techniques in AI.  Some of the ideas in this thesis led to the machine-learning techniques that are being used in OCEAN’s experimental Peer-to-Peer network today.
Dr. Peters' prior NSF support: National Young Investigator Award CCR-9457806, Surface Splines Over Irregular Meshes, 1994-2000 advanced fundamentals and techniques for modeling free-form surfaces, in particular devloped the theory of Geometric Continuity. The grant supported 5 graduate students and 7 undergraduate research assistants. The grant resulted in 20 journal publications and 10 refereed conference articles.  NSF grant CCR-9901894, 1999-2003 produced the first explicit derivation of Gauss and mean curvature of subdivision surfaces at their extraordinary points [
] and reconciled subdivision and polynomial surface definitions [
,
]. The fundamental problem of constructing piecewise polynomial Ck surfaces of arbitrary topology with least degree was solved in [
]: Ck surfaces with any n patches joining with geometric flexibility d to fill an n-sided hole in a Ck spline surface can now be constructed with patches of degree d+k. [
] defined N-patches in the DX8 graphics standard used widely by computer game artists.  Several other publications have also resulted from this grant.

Dr. Helal & Dr. Hammer: Abdelsalam (Sumi) Helal and Joachim Hammer have a CISE CCR award, for Proposal number 0100770, titled "Adaptive Synchronization Framework Supporting Device-independent Mobile Computing." ($150,000, 9/01-8/03).  The objective of this research is to develop a three tier architecture that enables device-independent disconnected operation and transparent synchronization of data. The Coda system has been used as a basis for th research and new on-the fly algorithms have been developed to compute the user working data set more efficiently. Publications from this research so far include [
,
,
,
].
Dr. Hammer and Dr. Schmalz have been awarded an exploratory NSF grant titled "Scalable Enterprise Systems: Theory and Methodologies to Support the Operation of Flexible Production Networks." The goal of this research is to develop the next-generation wrapper, data engineering, and analysis technologies to support extended enterprise  collaboration. So far, we have developed the initial concept and demonstrated an early prototype that can extract resource and cost information from legacy project resource planning software.  Initial results from our prototype implementation demonstrate feasibility. This has allowed us to begin work with industrial partners including Pratt&Whitney Space Propulsion Operations. Preliminary results have been described in [
].
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Figure � SEQ Figure \* ARABIC �5�.  Example of a trade proposal requesting to buy resources in OCEAN’s planned constraint-based resource description language.





<?xml version="1.0" encoding="utf-8" ?> 


<trade-proposal type="buy">


 <access-agreement>


  <resource-package name="system1">


   <machine type="linux" name="cpu1">


    <os type="linux" vendor="RedHat">


     <version number=7.3 constraint=">="/>


    </os>


    <cpu type="x86" vendor="Intel">


     <model name="Pentium4" 


       constraint=">="/>


     <clockspeed number="2.0" unit="GHz"


       constraint=">="/>


    </cpu>


    <gridware type="Globus">


     <version number=3.0 constraint=">="/>


    </gridware>


    <software type="linpack"/>


    <access mode="exlusive"/>


   </machine>


   <cluster type="beowulf" name="cluster1">


    <access mode="shared"/>


    <machine type="linux" count=10 


      constraint=">="/>


   </cluster>


   <storage type="network" name="disk1">


    <capacity number=10 units="GB" 


      constraint=">="/>


   </storage>





Figure � SEQ Figure \* ARABIC �2�.  OCEAN Network Diagram.  The left and right boxes illustrate some different types of resource users and providers, respectively, but nothing prevents a given machine from serving in both roles at different times, or even simultaneously.  OCEAN works as follows.  All nodes initially register with the central OCEAN services, to (1) obtain a digital certificate for later use in creating verifiable digital signatures, e.g., on sales agreement contracts, (2) set up any accounts on the OCEAN Central Accounting Server (CAS) needed to facilitate later payments, and (3) initialize the node’s participation in the peer-to-peer network (cloud).  When resources are needed, the buyer sends a search request to the self-optimizing, peer-to-peer matching service, consisting of other nearby OCEAN nodes.  The peers use certain patentable machine learning techniques we have developed to quickly and intelligently route search queries to the provider nodes most likely to be able to fulfill them.  A provider with matching available resources gets the query, and starts a sales contract negotiation directly with the buyer’s machine.  A successful negotiation yields a sales agreement contract that is digitally signed by both parties.  Payments are then processed according to terms specified in the contract, possibly utilizing services of the Central Accounting Server, depending on the specified payment mechanism.  The client job code for remote execution is transferred and installed using a negotiated method (e.g., GridFTP or Java classloaders) and executed on the provider machine, as per the contract terms.  The buyer agent that initiated the transfer gets a handle to the remote process, which can be used for process control & communication.  The application code responds to messages from its parent and sibling processes and/or pushes intermediate or final results of the computation back to the user’s machine as needed, using pre-specified protocols (e.g., MPI [�]).





   <network type="Ethernet">


    <speed number=100 units="Gbps"


      constraint=">="/>


    <usage type="unlimited"/>


    <linkage item="cpu1" 


      item="cluster1"


      item="disk1"/>


   </network>			


  </resource-package>


  <lease name=”lease1” resource="#system1">


   <start-time type="asap"/>


   <usage pattern="as-needed"/>


   <timespan type="flexible"/>


   <conjunction>


    <timespan number="2"


       unit="hours" constraint=">="/>


    <timespan number="1"


       unit="day" constraint="<="/>


   </conjunction>


   <pricing type="flat-rental">


    <price num=1 currency="USD" 


      constraint="<="/>


    <timeunit num=1 unit="hour"/>


   </pricing>


  </lease>


  <payment item=”#lease1” type="via-OCEAN"


    currency="USD" method="OCEAN-acct-tfr">


   <timing type="post-hoc">


    <delay number="1" unit="day"


      constraint=">="/>


   </timing>


  </payment>


 </access-agreement>


</trade-proposal>





cont.
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Figure � SEQ Figure \* ARABIC �8�.  UnderTow algorithm.  When any specific immediate peer (colored circle) is selected as a candidate for removal from our peer list, we consider replacing it with one of the best-performing peers from among the tree of nodes reachable within a few hops of the removed peer (highlighted in correspondingly-colored boxes).





Figure � SEQ Figure \* ARABIC �6�. Hop Contours in MarcoPolo P2P Net
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Figure � SEQ Figure \* ARABIC �7�.  Screenshots of MarcoPolo experimental P2P simulator testbed (coded in Microsoft .NET).





Figure � SEQ Figure \* ARABIC �9�.  Message sequence diagram for the OCEAN Escrow Service, an optional payment mechanism that reduces the opportunity for a buyer or seller to gain by committingunds fraudulent transactions.  Funds fronted for the transaction are held “in escrow.” If the buyer and seller disagree whether the conditions of the access agreement were satisfied, the funds are held by OCEAN until the dispute is resolved or one party defaults (fails to reply to inquiries within a certain time).
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