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Abstract

We have designed and partially completed development of a simple reference implementation of a new peer-to-peer, market-based infrastructure for distributed computing: OCEAN, the Open Computation Exchange & Arbitration Network.  The goal of OCEAN is provide an open, public market to turn computation into a highly liquid commodity that can be dynamically bought and sold on demand.  Extra cycles (and other resources) can be sold immediately and automatically on the open market, and users can immediately buy resources needed to perform any distributed or mobile-agent computation.  OCEAN is intended to be as simple as possible to install and use, in order to facilitate rapid grassroots growth and widespread adoption.  It is based on open web-services technologies and protocols, so that it can serve (or be implemented on) any platform that can be used for distributed computing, such as Globus, Java, and Microsoft .NET.  The first public release of an early OCEAN prototype, including real financial transactions, may be as early as this year.  OCEAN will open the door to a whole new range of powerful applications (including parallelizing versions of desktop & server apps, web sites, and web services), and (as it becomes ubiquitous) should increase the cost-efficiency of computing for everyone.


In addition to introducing OCEAN, this document also includes an invitation to potential research sponsors, such as major software, internet, and web-services companies, to offer financial support for the OCEAN project's proposed future development efforts in directions that will provide compatibility with specific platforms and applications that are interest to the sponsor company.

Introduction

The name OCEAN is an acronym for "Open Computation Exchange and Arbitration (or Auctioning) Network."  The purpose of OCEAN is to provide a world-wide automated commodities market for the on-demand purchase and remote usage of computing resources (such as CPU cycles, memory, disk space, network bandwidth, access to particular remote resources, etc.) by distributed applications and/or mobile agents.   The strategy of OCEAN is geared towards rapid growth: The design is intended to make 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.  

Key Characteristics

OCEAN is intended to exhibit the following key design characteristics, not necessarily in order of importance:

1. Open.  Every aspect of OCEAN operation is based on public, open, freely reimplementable standards, APIs, formats, and protocols.  All OCEAN software comes with free source code, as a reference implementation of the standard.  Anyone is 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 (which should probably be a non-profit organization).
2. Profitable.  Any entities (whether companies or individuals) who are involved in helping build the OCEAN infrastructure and providing servers, services, and applications for it should be able to profit financially (and not just via altruistic satisfaction) 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 a wide variety of host platforms so that it can be quickly deployed on the largest possible numbers of existing machines.

4. Compatible.  OCEAN should be usable for buying and selling distributed computing resources of a variety of existing types, including real and virtual (Java, CLR) machine platforms, and existing distributed-computing and Grid technology platforms such as Globus, Condor, Legion, etc.
5. Secure.  The OCEAN infrastructure should provide as much security for its providers and users and as much accountability for transactions as is feasibly technically achievable.
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.
8. Easily deployable.  It should be trivially easy for anyone with a computer to deploy an OCEAN node.  The intended standard of triviality is that any high school or college student with a PC and a credit card should be able to deploy an OCEAN node as easily as today they deploy Napster clients.  With 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 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 (i.e., with higher "niceness" on Unix systems) 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 very easy to write applications for OCEAN, so that, for example, any programmer fluent in Java or .NET can download the API libraries, read a reasonably short and simple API document, and be able right away to start writing distributed OCEAN applications that use 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.
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.
OCEAN System Architecture

High-level documentation of the structure of how OCEAN is broken into components, and their interactions.  We begin with some system-level block diagrams.  The following diagram is to illustrate the different kinds of geographically and administratively dispersed units (nodes) of the OCEAN network and give some idea of how they are interconnected.


We see several types of nodes here:

· Central Accounting Server: There are only a small number of these nodes, and they are operated by the administrators of the entire OCEAN network.  The purpose of these nodes is to maintain OCEAN account information (e.g. balances, transaction records) in a secure location that is physically controlled by a trusted party (the OCEAN administrators).  It also provides a connection point between the OCEAN network and real-world financial networks.  It may also publish consolidated information about market activity and prices.  In exchange for operating the server, which provides a useful service, the administrator of the OCEAN (a company or non-profit organization started for this purpose) may collect a small fee on each transaction that is conducted.

· OCEAN Server: These are computation server nodes that are set up by service providers (from individuals to large organizations) to sell dynamic distributed computing resources to OCEAN users.  There may be millions of them simultaneously present on the OCEAN at any given time.  When discussing server nodes, we should distinguish the machines that advertise services and perform contract negotiation from the machines that actually run the computation - these functions might be managed separately.

· Application Launchpad: These nodes initiate distributed jobs or mobile agents which run on the OCEAN.  They are operated by buyers of OCEAN resources (which again may be individuals or organizations).  There may be millions of them present on the OCEAN at a time.  Again, we should distinguish between the node that requests resources and negotiates a contract for them, and the node that actually sends the task to be remotely executed - these could potentially be distinct in some cases.

· Firewall/gateway OCEAN node:  These nodes would be operated by the administrators of firewall machines or gateway machines sitting between the public Internet and a firewall-protected intranet or a private IP address space.  (Often the resulting intranets further contain private sub-nets.)  The role of these firewall OCEAN nodes is simply to provide a means for routing communications to nodes that may reside within private spaces.  Essentially they act as proxies.  These nodes private an alternative to other approaches for getting through firewalls based on tunneling (as with ssh) or network address translation.  The advantage of using an OCEAN node instead is that the firewall administrator can enable users within his organization to set up new OCEAN nodes at will without having to bother the administrator to reconfigure the address translation services on his firewall.  The OCEAN communication system takes care of routing messages to nodes behind firewalls.

· Auction service:  Actually, in the current design, all OCEAN nodes, by default, host public auctions which share information in a peer-to-peer fashion.  However, some administrators may deploy nodes  specifically for the purpose of auctioning.  The auctioning & negotiation protocols will be designed so that nodes which perform a public auctioning service successfully can be fairly compensated.

We now describe how application tasks are embedded within various layers of software on OCEAN hosts.  The current architecture is based on Java, for ease of portability.  In the future we wish to also provide implementations on newer portable platforms such as, in particular, Microsoft's CLR.  

At each level of the below there may be more than one instance of the lower-level entity contained within the higher-level entity, but often there may just be a one-to-one mapping between the entities at different levels.

· At the top level is an IP-accessible computer, a networking node with one or more processors, network interfaces, memory, disk storage, and perhaps some specialized peripherals or access to local databases.  Under either user or system accounts on this machine will run one or more instances of a Java Virtual Machine which can access local resources of interest.

· Within a Java or CLR VM, there may be one or more OCEAN nodes (instances of a class OCEANNode).  Usually there will be only one.  The OCEAN node object itself is the primary fundamental unit of the OCEAN network.  All entities on the OCEAN network are OCEANNodes of one type or another, though some nodes may be specialized to perform only certain kinds of duties.  Each OCEAN node is addressed via an association with a specific IP port number on its host.

· Within an OCEANNode that is deployed as a computation server, there may be one or more JTRONs.  The word "JTRON" is an acronym for "Job's Tasks Running on a Node."  A job is a set of tasks to support the running of a specific instance of an OCEAN application.  All of the tasks making up a JTRON are agents of the same responsible buyer, and their resource usage falls under the same contract.  A JTRON is therefore the smallest unit associated with resource consumption.  A JTRON is associated with a Java ThreadGroup (or analogous CLR class) object that contains all the threads that are running as part of that JTRON, and that runs under a SecurityManager (or CLR equivalent) that implements the security restrictions appropriate to a given resource utilization contract.

· Within a JTRON may be one or more OCEAN tasks.  A task is a unit of code migration - the equivalent of a mobile agent in mobile agent systems.  Tasks can spawn other tasks on the same node or on different nodes. (If the new task is on the same node and running under the same contract as its parent, it belongs to the same JTRON.)  Tasks may also pack up their state and migrate completely off of a node and onto a different node.  Or they may just die without spawning anything.  Tasks are represented by OCEANTask objects and are associated with a set of threads.

· An OCEAN task may contain one or more threads to carry out its work.  When a multithreaded task needs to migrate its state to another machine, it should carefully terminate all its component threads and pack up their relevant state information for communication to the new location.

Node Software Architecture

The below block diagram shows the different components of a typical OCEAN node's software, and their interrelationships.  It is roughly a layered view, with higher-level components tending to be towards the top of  the diagram, and lower-level ones towards the bottom.  Keep in mind that this is only an approximate rendering.  To reduce clutter in the diagram, not all interconnections are shown.

Here are brief descriptions of the components, from bottom up:

· The Naming system is really just a specification for how the URIs that name OCEAN entities (nodes, JTRONs, tasks) should be mapped to the named physical entities.

· The Communication system uses the Naming system to pass messages and establish continuous communications channels between OCEAN entities (nodes and/or tasks).  It may also provide support for concurrency abstractions such as distributed semaphores, virtual shared memory, etc.
· The Security system keeps track of keys, certificates, SecurityManagers, signed documents, etc. and provides security services to the communications layer and all higher layers.

· The Peer List Update Manager (PLUM) maintains a list of peer nodes that the current node knows about.  This list is used by the Auction system to decide which nodes to pass trade proposals to, and in what order.  The PLUM keeps track of information about the nodes' quality, availability, and ability to deliver good trade proposals.  It periodically updates its list automatically, by exchanging peer list information with its peers and measuring availability, latency, and bandwidth by itself using test messages.

· The distributed Auctioning system permits a node to announce the availability of its resources, and permits a task to request resources.  Resource providers may characterize their resources and set a minimum "ask" price and contract conditions.  Resource users (application launchers, or individual tasks) may request new or additional resources by submitting a bid describing the resources needed an the price offered.  Both bids and asks are called trade proposals.  Trade proposals are distributed to other auction nodes using a certain algorithm.  When a proposed match is generated, it is sent back to the originating nodes' Negotiation systems, which consider the offer and talk to each other to finalize the trade.

· The Negotiation system handles negotiation of resource usage agreements.  The distributed Auction nodes communicate proposed matches (between resource requests and resource advertisements) to the nodes or tasks that originated the trade proposal.  The originators consider the received proposals for some time period and then choose one with whom to negotiate.  The negotiation systems pass a few messages back and forth and end up with a signed contract, which is archived by both sides, and by the central accounting system, and then the Job Migration system is requested to initiate use of the resources.  (Though actually we plan to allow for negotiation of contracts where the resource usage begins at a future date as opposed to immediately.)

· The Accounting system at a local node (or within a mobile agent) keeps track of that entity's own idea of its financial records… It also communicates critical information (transaction records, signed contracts, etc.) to the central accounting system (maintained by the global OCEAN operators), to allow real-world payments to actually be processed and archived.  However, micropayments for individual OCEAN contracts would be consolidated into larger amounts by the central accounting system before submitting them to the real financial networks which have a relatively high overhead.

· The Node Configuration/Operation Interface provides an API for use by the node deployer for configuring all of the important parameters of the OCEAN node component software.  For example, the naming system needs to know the name of the current node, telling how it is reachable from the external internet.  The security system needs to know (or generate) the node's keys and a certificate for them from a Certificate Authority.  The PLUM needs to know some initial peers, how many nodes to maintain in its peer list, and what its criteria should be for expunging a node from its list.  The Auctioning system needs to have caps on the hop counts and expiration dates on trade proposals it will forward, plus limits on how many old trade proposals to keep around.  The Accounting system for a job-launcher's node needs to know a cap on the maximum dollar amount of transactions it will authorize (per month, say) and communicate this cap to the central system, to limit the possible fraud that may take place.  An OCEAN node started to spawn a task needs to know what task to spawn.

· The OCEAN Application Programmer's Interface (the "real" API) provides a simple, easy-to-use set of packages, classes and methods for use by OCEAN Application Programmers, to write Tasks to run on the OCEAN.  It provides a view of all of the parts of the OCEAN node software that tasks are supposed to be able to use.

· Node Operator GUI: This provides a way for node deployers who have simple needs to configure, operate, and monitor their nodes, whether server nodes, gateway nodes, application launcher nodes, etc.  It would also allow users to monitor activity and prices on the overall OCEAN market.  This uses the node configuration/operation interface.

· Custom Node Operation & Maintenance Code: Scripts or Java code written by node operators (or third-party providers) which uses the node configuration & operation interface to run a node in a customized way.  For example, a server node may implement a particular strategy for when and how to adjust its prices.

· Application-Specific Mobile Job/Task Code: This is the application itself, performing a distributed and/or mobile-agent type of computation on various OCEAN nodes (server nodes and probably also the application launcher's node).

O.C.E.A.N. & web services standards

O.C.E.A.N. uses many of the latest technologies and provides a transparent service to the users. The users just have to set some initial configuration parameters, start up O.C.E.A.N. and they are good to go. O.C.E.A.N. does everything for them behind the scenes and the users can watch their bank account grow month by month. The purpose of this section is to provide an overview of the different new technologies used by O.C.E.A.N. and give an example of how the O.C.E.A.N. methodology fits in with the technology of a potential sponsor, in this case Microsoft.
XML:


Many entities in OCEAN will be described using XML: Server resources, application requirements, payment terms, signed and unsigned contracts, even node configuration options.  The use of XML ensures that the data formats will be extensible and portable across platforms.

SOAP:


Most of the messaging in the OCEAN system is carried out through SOAP messages. Let us see how the sellers and buyers in the OCEAN system get their job done using SOAP messages.

Sellers:


When the OCEAN system starts up, the embedded web server also starts up and listens for any incoming offers. The seller system will (in future releases) advertise its services using the Web Services Description Language (WSDL) on Universal Description, Discovery and Integration registries (UDDI). The offers that the seller receives will be in the form of SOAP messages specified in the Contract Specification Language of OCEAN. Once the seller receives an offer it parses the offer and compares it to a configuration file which the seller has control of. If everything matches, then the deal is made and the seller sends back the information to the corresponding buyer in the form of a SOAP message.

Buyers:


When the buyer wants to buy something the first thing he needs to do is find sellers. The buyer can use the built-in searching functions of OCEAN to find the buyers or search through UDDI registries to locate a seller matching his needs. Once a seller is found the buyer forms the offer and sends it to the corresponding seller. If the deal is made with the seller the buyer can then start using the services provided by the seller according to the specifications.

Example Scenario:


Let us now look at a real world example where OCEAN can be used:


Businessman A has an hour left for a presentation and he is using large Microsoft Excel spreadsheets on his computer to work on the accounts of his business. He realizes that he doesn’t have enough time to do all the remaining computations in the time left. So he selects a menu item BUY MORE RESOURCES… and enters the amount he is willing to spend and the amount of time he wishes the task to take. The OCEAN system connects to the Microsoft UDDI registry or some other registry nearby and looks for compatible servers. Because of the fast and efficient matching algorithm provided by OCEAN it is able to find a match very fast and then the negotiation component of the OCEAN system kicks into motion. The buyer negotiates with multiple sellers simultaneously to find a compatible match.  Offers and counter offers flow between sellers and buyer at a very fast rate and the buyer's agent will automatically strike up a deal with compatible sellers. Once the deal is made, the Task Spawning and Migration system kicks into motion and migrates the code to the Seller machines.  The computations are done in parallel on seller machines. Finally the result is sent back to the buyer.


Though there is a lot going on in the background, everything is transparent to the user. All he does is click on a button and the result will come to him.


If we observe closely we find that the services provided above are exactly the reason why SOAP, UDDI, WSDL, .NET and other technologies have come into existence. Though all these technologies provide all the necessary foundations to provide these services there are still no concrete implementations of these services. OCEAN plans on being one of the first implementations that makes use of these specifications to build a concrete and very flexible general-purpose computing framework on a large scale. 


In fact OCEAN need not just be employed to shop for computations. It can be used on a large scale for many online business transactions because the Resource Specification Language and the Contract Specification Language provided by OCEAN are generic enough to be specified for buying and selling of any resources. Imagine a world where you wake up one morning and decide you want to buy/sell something. You specify the resource to OCEAN and it searches through the Internet and finds several matches, negotiates on your behalf and buys/sells the resource for you. That is what OCEAN is all about.

Current status of OCEAN

The development of OCEAN has been split up in roughly three significant layers (listed from bottom up): 

1. Job Migration:  Ocean relies on the execution of programs on remote machines. In order to facilitate this a system has been developed that allows tasks (programs) to pick up their tread of execution, save the current state, and move to a different location where the task will continue.

2. Market System: Ocean is based upon selling and buying of computational resources. In order to find a resource a marketplace is constructed where buyers and seller can place their offers. These offers are matched using the technique as seen in stock markets. After establishing a preliminary contract a negotiation will be started between the buyer and seller to finalize a contract.

3. Central Accounting: The central accounting system takes care of execution of the actual real-world financial transactions that are specified in a contract. Upon completion of a contract (or periodically, at economically-sized intervals) the accounting layer will gather the necessary information and interact with a financial institution to make the actual payments.  Our first real-world currency supported will be e-gold (see www.e-gold.com) since it supports a simple, cheap, automated-transaction interface.  The interface to e-gold is in development.

Here are some more details about the first two layers:

Layer 1 (Job Migration):

The lowest layer provides the core need for a system like ocean to work. In order for the task to be scheduled on the remote machine the following two criteria must be met:

1. The relevant data is available at the node.

2. The relevant program to operate on the data is present.

We have implemented a mechanism that exactly provides these two services. It is important to note that there are many other toolkits that provide similar service like the once described here (Globus, IBM Aglets). The lowest layer consists of the following modules:

· A Naming module: The naming module assures that every component that is part of the ocean system has a unique name. This enables the various tasks to communicate and move throughout the internet/intranet universe to specific locations.

· Task, Spawning & Migration (TSM): Every task that runs within an ocean node is able to spawn children and to migrate these children to different locations. The TSM takes care of the spawning and actual migration of tasks to remote destinations. 

· Communication: Every task that is running can communicate with another task in order to exchange information. The communication module provides a simple mechanism for the exchange of messages as well as a system to establish streams between tasks.

The lowest layer has been developed (initially, in Java) and is currently operating. Whenever a task is transported to a different host, the state of the program will be saved and transported over the network. After arrival, the task will be spawned and can continue its thread if execution.  

The common language runtime environment (CLR
) has built in features that make it relatively easy to handle mobile code.  We plan to port our job migration facility to CLR in the near future.

Layer 2 (Negotiation):

The auctioning and negotiation component is a distributed peer to peer system that brings buyers and sellers together. The auctioning system is a web-server that can be deployed by any user that is willing to participate in the ocean network. Whenever a potential customer is interested in a resource an offer will be created that will be distributed throughout the auctioning network. 

The auctioning mechanism operates on a no cure, no pay bases, meaning that if an auction was involved in a successful transaction between a buyer and a seller it will receive a small compensation. This small compensation will motivate users to operate auction systems that effectively match buyers and sellers.

Harnessing OCEAN - Some Potential Applications

Collective computing, even utilizing only a tiny fraction of the PCs available worldwide, has already triumphed over traditional supercomputing in the hunt for prime numbers--the most recent largest primes were not discovered with Crays but by an Internet consortium, the Great Internet Mersenne Prime Search (GIMPS). Factoring into primes, finding Golomb rulers and even code deciphering are also coming to be increasingly dominated by distributed processing techniques. 

Distributed computing is not a panacea, however--it is suited only for certain types of applications. If the problem at hand is one in which individual blocks are processed separately, distributed computing is ideal. For algorithms in which each block is processed dependant on other blocks, distributed computing faces bandwidth restrictions. The modern Internet is both too slow and too volatile in terms of throughput for distributed computing to effectively tackle this latter type problem. Still, distributed computing is immensely valuable for the tasks for which it is suited. With 30 million or so computers connected to the Internet and more coming on line each day, the potential power of distributed computing promises to revolutionize problem solving in many cases.

Distributed computing applications are highly computing intensive applications and are diverse - life sciences to weather forecasts. It is interesting to note that there are situations when most users of a computer feel that they could use some more computing power. This is applicable even to SOHO users as well as users participating in research projects. This section discusses some of the Microsoft specific applications that can harness the power and reach of OCEAN. OCEAN with its secure and highly distributed nature can provide respite to users having low CPU power.

Microsoft Movie Maker: 


This application found in the popular Windows XP is gaining widespread use and can be a good example of the reach of distributed computing. Windows Movie Maker digitizes videos and these can later be stored on a CD. Even with the extremely powerful desktop computers of today, the time taken to create and edit movies is substantial. There are varying formats for video files out there in the market today and sometimes it is necessary to convert huge files of almost 1 gig in size to a different format. 

Both digitizing a video or converting the video format can require a substantial amount of overhead on the CPU and this is where OCEAN comes into the picture. Once a user purchases processing power from the OCEAN network of distributed computers, it is possible to split the job among the available processors. This can save the user a lot of time. Moreover as media files are extremely flexible in that they can be easily split and sent across the network and later concatenated this application can really make use of the principles of distributed computing to save a large amount of time to the user.

Some of the other features of Windows Movie Maker involve fading of pictures, editing the soundtrack and editing the movies frames. These sound and video operations are also extremely intensive in computation and can well use the service provided by OCEAN.

Microsoft Excel:


This is another commonly used application and some users have loads of data loaded on their excel spreadsheets. Different operations are performed on the data ranging from viewing them as graphs to the usual arithmetic computations. These operations are found to take a colossal amount of CPU power and can leverage the computing power available on the OCEAN network.

            By purchasing CPU power from users willing to sell CPU power, the data can be sent across the network, calculations performed at the various OCEAN nodes and information sent back once the data is processed. OCEAN implements adequate security measures and the buyer does not have to unnecessarily worry about the possible leakage of information.

Game rendering:


Today’s computer games require unbelievably high amounts of computing power. This poses a constraint on the sales reach of these computer games as only users with powerful CPU’s and video cards can play these games. Under OCEAN’s distributed framework it is possible for a user with low computing or video power to purchase these from another user who is willing to sell them. This makes it possible for any kind of user to play computation intensive computer games. Also it can indirectly increase the sales of computer games as now the reach of computing power had increased phenomenally.


The above section lists only a few important uses that can be achieved with OCEAN’s distributed framework. Infact, with OCEAN the limits of computing power is drastically reduced and it is theoretically possible to make every human being have access to computing power. This coupled with the reach of Internet can save a large amount of time for all kinds of computer users.

Servers & services

Finally, another category of parallelizable application is a variety of typical servers and services: database servers, large interactive web sites, web-based/ASP services, etc.  Any of these categories of applications potentially face bursty demand patterns from their users.  Rather than always having enough resources dedicated to a particular server to handle peak demand - which might be far greater than average demand - an OCEAN-enabled server could simply buy new remote server resources on-demand as its query traffic intensifies, deploy copies of the server app remotely, and redirect queries to the remote resources.  This could potentially lead to a new era in scalability for all manner of internet-accessible services.

An Invitation

We hereby invite any organizations that are intrigued in OCEAN's potential to contact us for more information about OCEAN and about how to become a sponsor of our current development effort.  Any sponsor's support would be directed, if so requested, specifically towards expanding OCEAN development in a direction that favors the sponsor's interests - whether it be adding explicit support for a particular OS or virtual-machine client/server/application platform (e.g., Windows XP, .NET, or X-box), or for OCEAN-enabling specific applications (e.g., Excel, Movie Maker, IIS, eCommerce servers, various games). Regardless, the potential payoff to the sponsor from interoperability with OCEAN is enormous, if it becomes the grass-roots phenomenon that we intend it to become.

Appendix - State of the Field, Related Projects

State of the Field
There are currently millions of human users whose computing resources are connected via the Internet.  It has been observed by numerous sources [Dist,Hey98,Ocea,Pat99,Popc,Popu,Proc,Reg98] that these resources are frequently idle.  This observation has led to the emergence of various projects that harness these resources for some benefit.

Some projects that have received much attention are the SETI@home project, and the various initiatives led by Distributed.net.  Both of these projects are maintained on a strictly voluntary basis.  In the case of SETI@home, users donate idle CPU cycles for the analysis of data collected by the Arecibo radio telescope in the search for intelligent extra terrestrial life [SETI].  Distributed.net has used the donated CPU time of many users to solve computationally intense problems, such as cracking encryption codes [Dist].

However, there are some recently formed commercial ventures and research projects whose goal is to harness idle CPU cycles for the economic benefit of their human users.  Such projects are referred to as computational markets.

A computational market is a marketplace in which a CPU cycle is the traded commodity.  The major components of a computational market are the users, the computational resources associated with them, and the underlying market mechanisms that facilitate trade.  Note that the users do not need to be human; in many instances, a user is a programmed agent acting on behalf of a human user [Dre88,Mil88].  In general, human users in computational markets are buyers or sellers.  The buyers have a computation that needs to be performed, and the sellers have access to the idle resources that can execute the computation in question.  The buyer and seller(s) will agree on some sort of payment mechanism, the program for the computation will be transported to the seller(s), and the computation will be performed.  The computational market’s role in all of this is to provide an environment in which these interactions may take place.

A recent trend is the Grid computing viewpoint (e.g. see the book "The Grid" by Ian Foster), which attempts to organize cluster-based computing into a hierarchy of inter-organizational layers.  Grid computing is compatible with OCEAN, but most current Grid efforts are lacking the market-based aspect.

History of Computational Markets
Possibly the first computational market was described by Sutherland [Sut68].  He demonstrated how auction methods were used to allocate computer time to users of the PDP-1 at the Aiken Computation Laboratory at Harvard.  The users were allowed to use the computer for some time period.  The hours of the day would be divided into regular time slots.  Users were assigned different amounts of currency based on their project’s importance.  Then, the users would submit bids for time slots.  For a given time slot, the user who submitted the highest bid would have use of the computer.  By using the auction methods described, a monetary value was associated with computation time, which is a basic feature of computational markets.  This paper is important because it may be the first application of economic principles to the problem of computer resource allocation.

Another significant research project regarding computational markets was implemented by Shoch and Hupp [Sho82].  Their paper describes a “worm”, characterized by a couple of traits.  First, it was parallelizable—it could be broken into many discrete segments, each running on a different host.  Also, the worm was able to sniff out idle machines on a network.  Although this project was not concerned with the economics of computation, it still represented a significant step toward fully functional computational markets.  This observation lies in the fact that the worm’s traits are important features of programs used in computational markets.  For one, idle machines in a network must be located.  Also, users of programs that can be parallelized stand to benefit most from computational markets, because they achieve the highest utilization of available resources.

The next major research effort was the Agoric Papers [Dre88,Mil88].  Although there is no implementation associated with these publications, they established important groundwork for modeling distributed computation in economic terms.  Although Sutherland’s work [Sut68] was important for using economic principles to solve resource allocation problems, it did not address the problem in distributed systems.  Drexler and Miller approached this problem by describing auction mechanisms for allocating distributed resources.  In one of their solutions, a seller auctions off its resources to multiple competing buyers.  Escalator algorithms are used such that buyers only submit an initial bid.  Each bid increases at a constant rate until the highest bid is determined.  The highest bidder obtains the seller’s resources [Dre88].  Drexler and Miller continued, describing initial market strategies, and how they achieve stable pricing mechanisms.  Later work [Wal92] has proven Drexler and Miller’s algorithms to be effective for achieving this goal.  The Agoric Papers made two important contributions to computational markets.  First, they provided market-based mechanisms to allocate distributed resources.  And second, they addressed how stable pricing mechanisms can be achieved in computational markets.  These are essential for a successful computational economy.

The Spawn project [Wal92] claimed to be the first implementation of a market-based computational system.  Indeed, its implementation incorporated the most fundamental aspects of a computational market.  Spawn’s principal features involved an approach to computational resource management based on economic principles, and the exploitation of idle time.  This included assigning priorities based on monetary funding units, and the use of price information to control adaptive expansion.  The resource allocation methods, specifically processor scheduling, were largely based on Drexler and Miller’s work.  Spawn’s methods to harness idle processors are similar to those employed by the Condor system [Cond].  Perhaps the most important use of Spawn was in examining the price dynamics of a computational economy.  This is relevant because the market must exhibit stable pricing mechanisms.  And in fact, the experiments carried out with the system confirm that computational economies that exhibit stable pricing and growth properties can be designed.

With the advent of the Java programming language, some of the most difficult aspects of computational markets were eliminated.  Java makes the problem of migrating executable programs between platforms trivial.  Of course, this does not benefit the programs written in other non-portable languages.

The Internet and World Wide Web make it possible for potentially millions of human users to participate in computational markets.  With this dramatic increase in the number of users, the problems of scalability and stable pricing mechanisms are magnified.

The POPCORN [POPC,Reg98] project was the first computational market to focus on the benefits of using Java programs.  The most interesting feature of POPCORN was its notion of the traded commodity.  Regev and Nisan [Reg98] noted that the idea of trading in CPU time is not exact since it is processor dependent.  Due to the fact that they were concerned with Java programs, they established the basic tradable good as a “JOP”, or Java Operation.  Each program takes some number of JOPs to execute, and the price of executing a program is proportional to its number of JOPs.  This convention made price estimation simpler, but only applied to Java programs.

Current Computational Market Implementations
Examples of commercial ventures of note are the (now-defunct) Popular Power system [Popu] and the ProcessTree Network [Proc].  Both of these endeavors promise some form of economic benefit to their human users.  Although it is not yet a commercial venture, OCEAN, currently under development in the Computer & Information Science & Engineering Department of the University of Florida, is another example of such a system.

Both Popular Power and ProcessTree provide a facility for users to download specialized client software.  The client software allows the user to become a seller of resources.  When the user is connected to the Internet, the client software will download a buyer’s computation, executing it when the seller’s resources become idle [Popu,Proc].

Each of the commercial ventures employs similar mechanisms to disburse payments to sellers.  They have noted [Popu,Proc] that one work unit does not have a significant cash value associated with it.  Therefore payment will accrue over time in an account.  When the account reaches a minimal value, payment can be disbursed in the form of a check, or as discounts to various online services.  We propose a similar payment mechanism with the OCEAN.  However, we believe that users prefer to receive cash rather than discounts.  Also, disseminating many small checks to users is impractical.  Therefore we propose that payments be made through an online account with Paypal [Payp] or a similar service, or through credits to credit card based merchant accounts.

Summary of Work in Progress Elsewhere:

Here is a sampling of selected projects that are roughly similar to OCEAN (shareable infrastructures for distributed computing, particularly market-based ones), with a comparison between their capabilities, and OCEAN's.  We divide these roughly into non-market-based systems, and market-based ones.  We see the market-based aspect of OCEAN (in particular, the use of real money for compensation) as the critical prerequiste for any distributed computing infrastructure ever becoming extremely widespread and popular for general use, and therefore we view only the market-based efforts as presenting serious potential competition.  However, even among the market-based systems, none of the competing systems we have examined so far offer anything close to the flexibility and openness that we envision for the OCEAN market.  Therefore in developing OCEAN we are providing a significant public service.

Not Market-Based:

GriPhyN - The Grid Physics Network [GriP], based in UF's Physics Department, is a distributed computing infrastructure developed for physicists - its emphasis is not so much on publicly-accessible servers for general applications.  It also seems to be a somewhat more structured, less organic architecture.  Therefore, in our view it may lack some of the growth potential of OCEAN - although it may well outperform OCEAN on the sorts of applications and user markets for which it was designed.  Nevertheless, we see physics applications as an interesting potential application area for OCEAN. We are in discussions with GriPhyN participants about collaborations to (for example) port GryPhyN applications to OCEAN, and/or use OCEAN's auctioning system as a resource costing & allocation facility for GriPhyN, and/or interchange other design ideas between the two projects.


Globus - Globus [Glob] is a grid computing initiative associated with the Distributed.net project.


Condor - [Cond] An old volunteer-based distributed computing system.


Legion -  [Legi] Another old volunteer-based distributed computing system.


Beowulf - [Beow] Software for turning clusters into virtual supercomputers.


OceanStore - [OcSt] Oriented towards distributed document storage, not computation.


RSA Factoring-by-Web - [RSAF] An old application-specific effort.

SETI@Home - This Berkeley-run project [SETI] differs from OCEAN in that it is completely application-specific (aimed at analysis of extraterrestrial radio signals) and volunteer-based.  However, it has in common with OCEAN the feature that its computation server can be freely and easily downloaded and installed by anyone.  SETI@Home grew enormously rapidly; we believe that by offering users a financial reward for the use of their computational resources, OCEAN can grow even more rapidly, and provide a pre-existing platform which future developers of similar applications can utilize.

Distributed.Net – [Dist] Discussed in text above.


POPCORN – [POPC] Discussed in text above.


Gnutella - [GNUT] A distributed document sharing network.


IBM Aglets - [Agle] A mobile agent framework


Sun Grid Engine - [SunG] For sharing computational resources within an enterprise.


XtremWeb - [Xtre] A non-market based system with good information about their technology.

Market-Based:

PopularPower - This venture [Popu] was co-founded by Nelson Minar, who was one of the original participants in the OCEAN project as an MIT Media Lab student back in 1997.  Unfortunately, PopularPower went bankrupt due to squabbling between its VCs.  Their technical approach was mostly sound, but it lacked OCEAN's feature of open application development and deployment, which severely limited its growth potential.

Economy Grid - [EcoG] The academic foundation for Compute Power Market (below).

ProcessTree - [Proc] Based on a somewhat restrictive tree-structured architecture for the organization of distributed computations.

Agorics - [Agor] Discussed in above text.  A small company that apparently sells market-based computing products - but it seems the markets are within the enterprise, not public.

United Devices – [UniD] With its heritage in Distributed.Net, SETI@Home, and the RSA challenge, this high-powered group of developers has provided good security in a C/C++ based (rather than Java) platform.  However, their resource allocation model is based on volunteerism, sponsorships, and partnerships, rather than being an open market infrastructure that anyone can buy and sell resources on.  (Instead, United Devices owns the market.)

Porivo – [Pori] Not an open architecture; does not provide much public details.  They do use a distributed peer-to-peer network, but their incentive system is based on a lottery for prizes rather than direct payment.  They consolidate resources for resale to large customers.  This is a much less democratic system than OCEAN.

Entropia - [Entr] Features a charity-based incentive system for providers (although occasional sponsor clients pay Entropia for use of its volunteer network).

Compute Power Market – [CPM] This project is more similar in spirit than most to OCEAN, and we are talking with them about collaboration on the development of pricing mechanisms.

Ubero [Uber] – This is not an open platform that anyone can develop for.  It buys resources and then resells them to big customers who have contracted as customers of Ubero.   It also does not allow communication between distributed client tasks.  

Parabon – [Para] This Java-based system is somewhat less flexible than OCEAN in that it has a centralized architecture, does not allow IPC (inter-process communication) between the tasks making up a job, returns results through a central server, and does not support operation through firewalls.  However, it presents a nice, easy-to-use GUI.

BaseOne - [Base] Software for resource sharing within the enterprise.
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