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	TOPIC TITLE
 The Development of the Graphical Asymmetric Processing Project Phase II SBIR
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	PROJECT SUMMARY
(200 words or less)

This Small Business Innovation Research Phase II project aims to enhance the efficiency of machines. Technology is advancing rapidly in society today.    As technology rapidly advances computers are required to handle more complex tasks including multifaceted and compound calculations. Computationally intensive environments, included but not limited to universities and research labs, have been significantly effected by the evolution of technology and computing expectations. The calculations performed on machines within computationally intensive environments require enormous amounts of attention from the CPU. The CPU coordinates most of the operations of the computer while also being responsible for performing arithmetic and logical operations.  The CPU is practically overloaded when handling operations and performing calculations.  As a result of the CPU being extensively busy machines are being less efficient.  

The need for faster computers has caused the computer manufacturing industry to shrink the size of the processor repeatedly. As a result of the shrinking of processors, we have virtually reached the stage where the processors can no longer be made any smaller.  Manufacturers are now being forced to search for another solution to the problem of making processors faster.  

Research proves that the GPU is overly qualified for carrying out the calculations and functions that are usually restricted to the CPU.  Many of the characteristics of the GPU including high amounts of parallelism and high latency tolerance increase the power of the GPU.  

By rendering the GPU for advanced calculations and processes the CPU will be free for other functions.  Freeing the CPU while redirecting many of the advanced calculations and processes to the GPU will increase the overall efficiency of the machines.




	Potential Commercial Applications of the Research

cutting edge engineering/physics; product research and design 

	Key Words to Identify Research or Technology (8 maximum)

 Central Processing Unit:  the part of a computer (a microprocessor chip) that does most of the data processing; the CPU and the memory form the central part of a computer to which the peripherals are attached [syn: CPU, C.P.U., central processor, processor, mainframe];Designs may vary widely but, in general, the CPU consists of the control unit, the arithmetic and logic unit(ALU) and memory (registers, cache, RAM and ROM) as well as various temporary buffers and other logic.

Efficiency:  The degree to which this quality is exercised. The ratio of the effective or useful output to the total input into any system. The ratio of the energy delivered by a machine to the energy supplied for its operation.

Graphics Processing Unit:  the microprocessor of a graphics card (or graphics accelerator). Modern GPUs are very efficient at manipulating and displaying computer graphics.

Latency:  the time it takes for a specific block of data on a data track to rotate around to the read/write head [syn: rotational latency] 2: the time that elapses between a stimulus and the response to it [syn: reaction time, response time, latent period] 3: the state of being not yet evident or active

Parallelism:  there is a one-to-one correspondence between events; Likeness, correspondence, or similarity in aspect, course, or tendency. The maximum number of independent subtasks in a given task at a given point within a tasks execution.

Processor:  A program that translates another program into a form acceptable by the computer being used. Often used to refer to the Central Processing Unit which is the part of a computer (a microprocessor chip) that does most of the data processing; the CPU and the memory form the central part of a computer to which the peripherals are attached
 


NSF Form 1304 (SBIR 12/96)

Broad Impacts

The GAP project suggests a major impact on the computing world.  Many aspects of computer intensive environments will obviously change and be enhanced.  With the introduction of the GAP project into society, slow computers due to computer intensive applications will become a thing of the past.  As a result of the introduction of GAP, environments such as universities and research labs will become more efficient.

Computationally intensive environments use potential GAP intensive programs regularly.  With the implementation of the use of the GAP SDK the efficiency of the machines within the labs will increase dramatically.  The overall efficiency gain will save the research environments enormous amounts of money because they will not have to buy new machines to increase the efficiency of their applications.  GAP users will obviously save money by not spending extra money on hardware and upgrades in order to enhance their computer’s performance. 

A computer that runs more efficiently will also increase the efficiency of the user.  As the machines get better so do the abilities of the users.  This impact could in turn allow for an increase in scientific and technological understandings generated by the more reliable and efficient machines. 
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Project Description

Part 1:  Results of the Phase I Project


The primary goal of the GAP project is to create a usable, extendable, and maintainable API to leverage the unused computing power of graphics processors that will result in increased performance of scientific, database, and other processor-intensive applications. Part of the GAP project is to include a recompilation of existing software with code modifications made for single threaded applications. Although the goal of creating an API has not actually been developed, conceptually our prototype proves feasibility based on the methods employed within it in interfacing with the GPU and CPU. Presenting two similar software stable fluid simulations in real time using Navier-Stokes equations solving the state of fluid over time completed the actual Phase 1 prototype. These complex equations required huge amounts of processing power and two versions to show proof of concept.  One version was run entirely using the GPU and the other version utilizing just the CPU. Because of the large amount of parallelism in the graphics processor, the GPU version proved to run significantly faster on the GPU than on the CPU. Performance comparisons using the Windows Task Manager to show actual CPU usage will further support our GAP prototype. The prototype demonstration proves to the GPU can indeed be leveraged for complex computations alleviating work that the CPU would normally have to do on its own. The results prove an average increase of over 10 times in performance with a significant reduction in CPU usage. The GAP Prototype was completed on time and without going over the Phase 1 proposed budget. The results of the GAP Phase 1 prototype should be viewed highly as a success and warrant further research to advancing the development of GAP into production.


The characteristics of our customer base follow program developers who use applications requiring large amounts of computing power and the need to analyze data quickly. Due to the nature of the GAP design, GAP is promoting an initial target for market entry through the partnership and support of NVIDIA Corporation, a major supplier of graphics processors and primary developer of the Cg programming interface. The GAP product is also sellable to other major computing firms such as Microsoft, Apple, and Sun following the “proof of concept” stage for fast turn around with no need for specialist programmers or long term investment. GAP is proposed to be later sellable to other developers and/or users with an individual license for possibility of greater profit margins. 

        The GAP Phase 1 project conducted prototype design and documentation following the Phase 0 feasibility stage. The overall success to the GAP Prototype Program was contributed by first establishing a solid organizational chart of major areas of responsibility and expertise necessary for all stages of prototype development from initialization through prototype completion.  Starting with the Project Manager, prototype development was driven by allocating resources as necessary to project completion on time and under budget. A Technical Writer was necessary to document all aspects of development, which includes the GAP technical manual. A Web Developer insured the GAP project web site was updated regularly with information pertinent to GAP development made available to the general public. The Research Director kept the team up to speed with the latest in technology developments as it applied to the GAP prototype, eliminating possible inefficiencies by working on systems already in existence.  A GAP Financial Analyst was responsible for maintaining project funds and in projecting potential budgeting issues, which may arose during prototype development and future phases. A Lead Software Developer worked along side with the Software Analyst, in determining major prototype milestones to the design, implementation, and testing of the GAP software. Although having specific job titles in the development of GAP, all seven members of the GAP team performed the duties and responsibilities of software engineer.


The GAP Phase 1 prototype shows that GAP is feasible, marketable and promotes the progress of science, and can be applied to advance the national health, prosperity, welfare, and secure the national defense; the primary mission of the National Science Foundation. The GAP Phase 2 Budget is just under $250,000, broken down into further detail in the budgeting section of the SBIR. We hope to continue research in the GAP Project, establish vendor support with NVIDIA Corporation and receive continued support from the National Science Foundation.

Part 2:  Phase II Technical Objectives, Approach and Work Plan

The primary goal of the GAP project is to create a usable, extendable, and maintainable API to leverage the unused computing power of graphics processors that will result in increased performance of scientific, database, and other processor-intensive applications. Our task includes a re-compilation of existing software as well as code modifications for single-threaded applications. Our customer characteristics are programmers that use applications that require large amounts of computing power and have the need to analyze data quickly. The GAP product is sellable to major card manufacturers after the “proof of concept” stage for fast turn around and no need for long-term investment. It is sellable later to programmers and/or users with an individual license for possibility of greater profit margins. 


In Phase II, the GAP project will be focusing on the development of our final product in order to meet our objectives of introducing it into the market in Phase III.  Our technical objectives include creating an SDK that will be able to consistently send and retrieve data to the graphics card.  It will run certain operations faster than those run without GAP.  Performance will be improved iteratively, via refactoring.  Refactoring of code will be a major part of evaluation of the quality of that code. By enforcing collective code ownership and requiring all programming pairs go over code written by others for optimization every line of code will be looked over by every programmer for possible enhancements. Special refactoring attention will be given to any discovered performance bottlenecks for all versions except the prototype. Our product will be able to perform certain mathematical operations using a video card shader technology based on the data sent to it.  Our SDK must be able to exist without problems in a multitasking operating system (for the purposes of the prototype, Microsoft Windows XP).  It will also be required to meet every performance-geared command that story cards may present, only the most basic.  


Tests will be written, as already mentioned, before writing any code that will have to pass those tests. These test will be in logical style, and be testable by computer or by rote, none should allow for any form of decision making on the part of the programmer/tester in passing or failing a test. Any bugs discovered that are not covered by a prewritten test will immediately have a new test specifically for that bug added to the story card, and all subsequent refactors of that code must pass this new test in addition to all previous tests.

Final tests administered before any part of the code before going to release is an acceptance test.  Acceptance tests are black box system tests. Each acceptance test represents some expected result from the system. Customers are responsible for verifying the correctness of the acceptance tests and reviewing test scores to decide which failed tests are of highest priority. Acceptance tests are also used as regression tests prior to a production release.   This means that new acceptance tests must be created following iterations or the development team will report zero progress. Quality assurance (QA) is an essential part of the XP process.

On some projects a separate group does Quality Assurance (QA), while on others QA will be an integrated into the development team itself. In either case XP requires development to have much closer relationship with QA.  Therefore the Quality Assurance team will be integrated into our development in Phase 2.  

Our work plan will consist of one Project Manager to oversee the duties of the other employees.  We will have marketing specialists: one business expert and one communication expert.  We will have a total of 4 programmers: one programming lead and three general programmers. The programming lead will oversee the other three programmers working together to accomplish our goals.  

During Phase II, the GAP project has the most potential for success and also the most risks.  In this phase we will conclude the finalization of our necessary legal documents. It will also include possibilities such as IPO (Initial Public Offering) and seeking active beta customers for the releases after the prototype leading up to final retail. By the end of this phase the GAP project will be ready to move into a commercial release model and seek self-sufficiency from sales.

Part 3:  Organizational Information

3.1 Current Staffing Profile


[image: image4.emf]Gene Hill Price

General Manager

John Zareno

Project Manager

Roberta Serbenescu

Software Analyst

Thomas James

Team Lead

Mohammed Iraqi

Web Developer

Sunny Nanda

Budget Analyst

Joseph Williams

Technical Writer

Tiffany Williams

Research Analyst


Technical

Project Lead:  


The Software Engineer/Project Lead is responsible for overseeing software development and developing intensive testing routines.

Software Analyst:


The GAP Software Analyst works in conjunction with the Project Lead to ensure that the specifications and requirements are met and the software is tested with complex testing routines and data.

Technical Writer:


The technical documenter will produce a plan for efficient documentation of the code including but not limited to a Quality Development Standards document and the user manual.  

Web Developer:  


The web developer will produce an efficient, well designed website which will showcase the overall functionality of the prototype.

Programmer:  


The programming team will consist of four programmers.  The programmers will be responsible for the overall software component of the prototype.  In phase two they will be responsible for coding the entire SDK with the guidance and aid of the project lead.  

Management 

Project Manager:


The project manager will oversee development of the prototype and ensures that the schedule is followed.  
3.2 Future Staffing Plans

Technical 

Software Quality Assurance Technicians:

The major responsibility of the QA technician is to inspect the code to ensure that the team produces a quality product with room for enhancement and reuse in future productions.

Programmer:  


The programming team will consist of four programmers.  The programmers will be responsible for the overall software component of the prototype.  In phase two they will be responsible for coding the entire SDK with the guidance and aid of the project lead.  

Web Developer:  


The web developer will produce an efficient, well designed website which will showcase the overall functionality of the prototype.

Technical Writer:


The technical documenter will produce a plan for efficient documentation of the code including but not limited to a Quality Development Standards document and the user manual.  

Management 

Project Manager:

The project manager will oversee development of the prototype and ensures that the schedule is followed.  In phase two, the project manager will work for a period of ninety days supervising the whole group duties, including negotiations with the card manufacturer and creating a yearly license agreement.

Administrative

Lawyers:


The Legal team will handle all legal proceedings with NVIDIA and aid in securing the product patent.

Marketing and Manufacturing

Business Expert:


The business expert and the communication specialist will take care of the marketing, by initiating the plan from phase one and communicating the “Demo” to potential users (XP style).

Communication Specialist:

The major function of the Communication Specialist is by initiating the plan from phase one and communicating the “Demo” to potential users.

Part 4:  Consult and SubAward

Consult

Dr. Srinidhi Varadarajan

· Head of Virginia Tech’s Super Computer

· Agreed that the ability to leverage the GPU was both feasible and desirable.

SubAward

· No SubAwards have been granted or requested for work on this project.

References

http://nvidia.com/object/IO_8086.html
http://nvidia.com/object/IO_20010612_6602.html
http://www.hardwareaccelerated.com/content/articles/Finance/nvidia21303/
http://www.nextag.com/All~nvidia+video+cardzlzorj~pyz0zB1g5gzmainz5-htm
http://extremeprogramming.org
www.ipwatchdog.com/patent_cost.html
www.uspto.gov/web/patents/howtopat.htm
Biographical Sketches

John Zareno—Project Manager

John brings over 10 years of retail sales and management experience working in the Car Audio and Security Industry. John is also a veteran of the US Navy as a Nuclear Trained Electrician. After earning an Associates Degree in both Business Administration and Computer Science, John is pursuing a BS in Computer Science with plans to graduate in December 2004. Computer skills include Cisco Networking, Unix, HTML, and Object Oriented Programming in C++ and Java.
Thomas James—Project Lead

Thomas James is a senior at Old Dominion University. A programmer for over fifteen years, his research interests include Graphics, Artificial Intelligence, and Encryption. He is on track to complete his Bachelors of Science (in Computer Science) in less than 3 years. After completion of his degree he hopes to work in entertainment with possibilities for graduate studies.

Sarabdeep Nanda

Sunny Nanda is a senior pursuing a Bachelors degree in Old Dominion University’s Computer Science department. He was working for the systems group at the computer science department at Old Dominion University. He has completed an internship at Symantec.

Roberta Serbanescu

Roberta Serbanescu is currently an undergraduate Computer Science major at Old Dominion University. Her interests include software engineering, logic, biology, and Artificial Intelligence with an emphasis on neural networks. After graduation, she plans on attending graduate school.

Tiffany Williams

Tiffany Williams is a native of Norfolk, Virginia.  She is a senior in the Computer Science department at Old Dominion University.  Tiffany will complete her degree in Computer Science in December 2004.  After completing her graduate degree she plans on attending graduate school.

Muhammad Iraqi

Muhammad Iraqi was born in Rabat, Morocco in 1982. Muhammad is a senior at Old Dominion University majoring in Computer Science. His expected graduation date is May 2005. Muhammad is currently working as a system and network administrator within the department of Computer Science at ODU. After graduation Muhammad will pursue a master degree in CS while doing research in one of the aspect of Systems and Networks Security.

Joseph Williams

Joseph Williams is a senior at Old Dominion University. He is completing his B.S. in Computer Science. Joseph plans to graduate in May 2005.

Proposal Budgets

Budgeting

Hardware Budget


The Graphical Asymmetric Processing (GAP) group will be conducting its Phase I, II, and III research and development operations in the Engineering and Computer Science Building (E&CS) of Old Dominion University in Norfolk, Virginia. The University will provide many of the equipment such as chairs, tables, desks, electricity, phone connections and the Internet. The remaining items, which are to be purchased, are listed in the table below with total cost. 

	Item
	Quantity
	Unit price
	Price

	Office Computer
	7
	$300
	$2,100

	Test computer
	2
	$200
	$400

	Processor (PIV 2.0G)
	4
	$100
	$400

	Video cards (GeForce FX 5200 128MB)
	4
	$50
	$200

	Software license (windows + MS office) 
	2
	$300+$230
	$530

	Total 
	19
	
	$3,630


Figure 1.1 (Hardware Budget)
 The need for seven office computers will allow all the seven staff members for Phase 1 to complete their duties in response to be successful in their work. The two test computers will be used as a means of analyzing the prototype. The computers used by the programmers should have fast and powerful central processing units (CPU) and graphical processors included in graphical cards. For this reason, four good processors were chosen, like the Pentium four with 2.0 GHz speed, and four graphical cards of type “GeForce FX 5200” with a memory capacity of 128MB. All the computers will use Microsoft windows as an operating system, which will also include MS office, for editing multiple formats of documents. Therefore, it is necessary to purchase the two software licenses, to have a combine total of $3,630. The affordable prices of the items are beneficial, and after completion of the product these will pay for themselves. 

Project Team

The scope of work that is required for the production of the product is large, however it will be very valuable. The GAP will take a “top down approach” to the production of the product, meaning that we will pace our workload to fit the overall project requirements. Individual attention will be given to appropriate complications. Therefore, the most convenient way to accomplish our goals is to have a definite organizational structure to carry out the workload. 

The Project Team is committed to provide the best value by delivering maximum output, open architecture, and low-risk systems at the lowest cost. This commitment is attainable because it is based on the recycling method, which is making use of existing technology that is field-proven. The strategic team is picked through an extensive selection process. The Project Team is experienced with the implementation of each component that is involved in the GAP interface. 


The major responsibilities of each team member are extremely important. The Project Manager leads all aspects of the project product development process from concept to commercialization. The manager also monitors work flow and deadlines allocating resources as necessary while providing leadership, coaching, and mentoring for the rest of the development staff.

The Project Lead is the most knowledgeable member of the project team. The Project Lead gives considerable guidance and suggestions to all the team members, including the Project manager and discusses market strategies with the Marketing Manager. 

The Financial Analyst/Scheduler is responsible for developing the Project’s budget, including personal costs and resource requirements. He is also responsible for developing a feasible schedule for each phase of the project and works closely with the Project Manager to monitor the workflow and deadlines.

The Technical Manager/Web Designer is in charge of designing our product, testing the design, and developing the product prototype for Phase II. He is also responsible for drafting documentation such as features of our product. As a Web Designer, he is responsible for designing, creating, and maintaining the product’s website. Therefore the technical manager works closely with the marketing manager in obtaining the proper marketing personal.


The Marketing manager is responsible for advertising our product and the documentation of customer satisfaction. The Marketing Manager manages the marketing staff and works closely with the Project Manager and the Financial Analyst to insure that the marketing effort is efficient and effective.


The trained and highly skilled professionals that will be working and developing our product will lead to the growth of a company. Designing another route so that data doesn’t congest the CPU, would save millions time and money during intensive operations. This approach not only increases the company’s computer resources, but also improves the return of investment. 

Staffing Plan Budget (Phase I Prototype Phase)

The estimated costs of resources required fulfilling the development of the product are listed in figure 1.2 below.

	Resource Name
	Initials
	Standard Rate
	Hours *
	Total

	Project Manager
	PM
	$40.00/hr
	88x8=704
	$28,160

	Technical Documenter
	TD
	$15.00/hr
	24x8=192
	$2,880

	Web Developer
	WD
	$15.00/hr
	10x8=80
	$1,200

	Programmer-1
	P1
	$25.00/hr
	39x8=312
	$7,800

	Programmer-2
	P2
	$25.00/hr
	39x8=312
	$7,800

	Programmer-3
	P3
	$25.00/hr
	39x8=312
	$7,800

	Programmer-4
	P4
	$25.00/hr
	39x8=312
	$7,800

	TOTAL
	
	
	
	~$63,500


*Hours = days x 8 hours/day                                       Figure 1.2 (Staff Budget)
The project manager will contract four programmers needed for this phase. The project manager will delegate the marketing plan and the programmer design pattern with the assistance of the group programmers. Duties for the project manager are projected to last approximately 13 weeks. The technical documenter required to write the project User Manual is allotted a period of twenty-four days. This task includes the manual for the programmers/authors, ensuring the consistency within the product, and assembling the SBIR phase 1 proposal

The GAP project established a website during Phase 0 and will require continued updates through phase 1; therefore it is necessary for a Web Developer. The development of the website will be taken care of by a web developer whose job will entail ten days of work. Finally, four programmers are acquired to develop the code for the high-level prototype software planned in phase zero. A test plan has been established utilizing methods applied in the XP (Extreme Programming) model and will tune the performance of the software prototype.

Recapitulative Budget for Phase I (Prototype)
	Length 
	88 days

	Staffing 
	$63,500

	40% Overhead
	$25,400

	Non-Staff
	$3,600

	Total
	$92,500


Figure 1.3 (Expected Cost)

Staffing Plan & Budget (Phase 2 Initial Market NVIDIA)

According to the work breakdown structure produced before, we estimate that for conducting this phase properly, the personnel listed in the Figure 1.4.

	Resource Name
	Initials
	Standard Rate
	Hours *
	Total

	Project Manager
	PM
	$50.00/hr
	90x8=720
	$36,000

	Marketing
	
	
	

	
	Business Expert
	BE
	$45.00/hr
	90x8=720
	$32,400

	
	Communication Specialist
	CS
	$45.00/hr
	90x8=720
	$32,400

	Programmer-1
	P1
	$35.00/hr
	30x8=240
	$8,400

	Programmer-2
	P2
	$35.00/hr
	30x8=240
	$8,400

	Programmer-3
	P3
	$35.00/hr
	30x8=240
	$8,400

	Programmer-4
	P4
	$35.00/hr
	30x8=240
	$8,400

	Web Developer
	WD
	$25.00/hr
	15*8=120
	$3,000

	Lawyer 1
	L1
	$40.00/hr
	60*8=480
	$19,200

	Lawyer 2
	L2
	$40.00/hr
	60*8=240
	$19,200

	Technical Document Writer
	TD
	$25.00/hr
	15*8=120
	$3,000

	Software Quality Assurance 1
	SQA 1
	$30.00/hr
	30*8=240
	$7,200

	Software Quality Assurance 2
	SQA 2
	$30.00/hr
	30*8=240
	$7,200

	TOTAL
	
	
	
	$165,600


Figure 1.4 (Staff Budget)

In order to protect the integrity of the GAP project, a patent acquisition budget has been established and broken down into the Figure 1.5, which follows.

Patent Acquisition Budget for Phase 2

	Length 
	90 days

	Preliminary Patent Search
	$1,500

	Preparing and Filing Patent Application
	$1,000

	Patent Abstract
	$7,000

	Filing Fee
	$500

	Patent Prosecution Phase
	$6,000

	Patent Issue Phase
	$2,000

	Patent Maintenance Fee
	$6,000

	TOTAL
	$38,000


Figure 1.5 (Patent Acquisition)

In phase two, the project manager will work for a period of ninety days supervising the whole group duties, and will also negotiate with the card manufacturer and create a yearly license agreement. The business expert and the communication specialist will take care of the marketing, by initiating the plan from phase one and communicating the “Demo” to potential users (XP style). The four programmers will work on the driver model of the software by bringing alterations over the previously released version. The total salary for the GAP group is $165,600. Following phase 2, the staff requirements will decrease in Phase III. 

Recapitulative Budget for Phase 2

	Length 
	90 days

	Staffing 
	$165,600

	40% Overhead
	$66,200

	Non-Staff
	$0 (*)

	Patent Acquisition
	38,000

	Travel Expenses
	$15,000

	TOTAL
	$314,800


           *: Already purchased during phase 1                      Figure 1.6 (Expected Cost)

Income and Revenue

The initial market for entry for the GAP project is NVIDIA. This company was chosen because of its popularity and large market share in the graphics industry. NVIDIA sells over 1 million graphic cards every year and has a good reputation when it comes to customer satisfaction. 

GAP project will sell the concept to NVIDIA, and will allow the acquisition of GAP. According to the research done, NVIDIA bought MediaQ and 3dfx for $70 million each. Thus if NVIDIA acquires GAP for 1/10 of the $70 million, there will be an immediate profit of over $6.5 million.
Budget References

http://nvidia.com/object/IO_20010612_6602.html
http://www.hardwareaccelerated.com/content/articles/Finance/nvidia21303
http://www.nextag.com/All~nvidia+video+cardzlzorj~pyz0zB1g5gzmainz5-htm
http://nvidia.com/object/IO_8086.html
www.ipwatchdog.com/patent_cost.html
www.uspto.gov/web/patents/howtopat.htm
Current and Pending Support
Dr. Srinidhi Varadarajan

· Head of Virginia Tech’s Super Computer

· Agreed that the ability to leverage the GPU was both feasible and desirable.

Facilities, Equipment, and other Resources


During Phase 2 the GAP Corporation’s major offices will be located inside the Engineering & Computational Sciences building on the campus of Old Dominion University. This building is the ideal  

Engineering & Computational Sciences building Features

Power

A generator for back-up service in the event of a power outage supports the entire Engineering & Computational Sciences Building. The 1000 Kilowatt generator has a 5,200-gallon fuel tank and is capable of running approximately 18 days without refueling.

Additionally, the 4th floor data center is equipped with a UPS (Uninterruptible Power Supply) to filter city power and prevent any loss of service between a disruption of city power and the starting of generator.

Security

Door access control is integrated with a closed-circuit television system to provide enhanced security.

Data wiring

There are over 1000 miles of technology cabling installed in the E&CS building, providing data, voice, and video communications services to the building occupants and the rest of the campus.

Room Setup

The room setup is critical to the overall quality of the software development process.  Below you will find the design of the areas used by the members of the GAP Corporation.

Programmer Carrels


The programmer Carrels provides optimal interaction from all programmers.  The shape of the programmer area allows for constant interaction yet gives them their own space during working hours.  

[image: image7.jpg]



Programmer Carrels

Conference Room


The conference rooms are used during meetings within the GAP Corporation as well as with outside consultants and sources.  Each seat in the conference room is equipped with network capabilities.  The media in this room can be controlled by using the on the computer. You can show videotape, use the computer, connect a laptop or use a document camera. All media is displayed thru the Data Projector. There is a telephone in the room for interaction during a meeting if needed.  The Computer Science department provides all extras within this room while it is reserved by the GAP Corporation.
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The equipment necessary for implementation during Phase 2 include office computers for individual members of the production team, computers for testing, processors, video cards, and software licenses.

Equipment

The following equipment will be purchased during prototype development and will follow the product development through Phase II.

	Item
	Quantity

	Office Computer
	7

	Test computer
	2

	Processor (PIV 2.0G)
	4

	Video cards (GeForce FX 5200 128MB)
	4

	Software license (windows + MS office) 
	2

	Total 
	19


Supplementary Documentation

Payment Schedule and Milestone Chart

	Payment Schedule

	
	
	
	

	Phase 1:Prototype Development
	
	

	Resource Name
	Standard Rate
	Hours *
	Total

	Project Manager
	$40.00/hr
	88x8=704
	$28,160 

	Technical Documenter
	$15.00/hr
	24x8=192
	$2,880 

	Web Developer
	$15.00/hr
	10x8=80
	$1,200 

	Programmer-1
	$25.00/hr
	39x8=312
	$7,800 

	Programmer-2
	$25.00/hr
	39x8=312
	$7,800 

	Programmer-3
	$25.00/hr
	39x8=312
	$7,800 

	Programmer-4
	$25.00/hr
	39x8=312
	$7,800 

	TOTAL
	 
	 
	~$63,500

	*. Hours = days x 8 hours/day   
	
	

	
	
	
	

	Phase 2:  Production
	
	
	

	Resource Name
	Standard Rate
	Hours *
	Total

	Management
	 
	 
	 

	Project Manager
	$50.00/hr
	90x80=720
	$36,000.00

	Marketing Team
	 
	 
	 

	Business Expert
	$45.00/hr
	90x80=720
	$32,400.00

	Communication Specialist
	$45.00/hr
	90x80=720
	$32,400.00

	 
	 
	 
	 

	Software Development 
	 
	 
	 

	Programmer-1
	$35.00/hr
	30X8=240
	$8,400.00

	Programmer-2
	$35.00/hr
	30X8=240
	$8,400.00

	Programmer-3
	$35.00/hr
	30X8=240
	$8,400.00

	Programmer-4
	$35.00/hr
	30X8=240
	$8,400.00

	 
	 
	 
	 

	Web Developer
	$25.00/hr
	15X8=120
	$3,000.00

	 
	 
	 
	 

	Software Quality Assurance Technician
	$30.00/hr
	30X8=240
	$7,200.00

	Software Quality Assurance Technician
	$30.00/hr
	30X8=240
	$7,200.00

	 
	 
	 
	 

	Technical Writer
	 
	15x8=120
	$3,000.00

	Legal Aid
	 
	 
	 

	Lawyer-1
	$40.00/hr
	60X8=480
	$19,200.00

	Lawyer-2
	$40.00/hr
	60X8=480
	$19,200.00

	Total
	
	
	$165,600.00

	
	
	
	

	*. Hours = days x 8 hours/day 
	
	


Gantt Charts

Phase I
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Phase II
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Commercialization Plan

Introduction of the SBIR Project, Expected Outcomes, and Impact
The project conducted by our group (GAP) is describing a solution of saving time in the computational world. This solution will be in a software format enabling a broad range of users to utilize it on their own machines in order to speed up their processes. The GAP software intends to use the machine’s hardware, without the need of buying any new hardware, in order to make the computations more effective, and therefore faster. The major two important pieces of hardware focused on by the GAP software are the CPU and the GPU. Since all current machines are composed of these two essential parts, there will be no need to purchase additional hardware. Current machines are limited in performance, eventhough they contain a CPU and GPU all processing work happens on the CPU. Instead of upgrading the CPU, the GAP project proposes the use of the “most of the time idle” GPU to offload a variety of processes from the CPU. GAP aims to leverage the capabilities of the GPU to spread the processing work.

The solution is proposed for computationally intensive environments, included but not limited to universities and research labs, which have been significantly effected by the evolution of technology and computing expectations. The calculations performed on machines within computationally intensive environments require enormous amounts of attention from the CPU.

The Company

The GAP Company originated form a computer productivity initiative class taken at Old Dominion University. This Class made it available for the members to transform their “idea” into an efficient product for the computational world. The major GAP Corporation objective is to prove the prototype compatibility. Prototype capability will represent the core competence of the project, and then make sure GAP is accepted by NVIDIA, our targeted vendor. The GAP group is currently composed of seven members that are working on completing the different tasks in concordance of the present working phase. The seven members are employed within the class environment and are divided based on the expertise needed. The employees vary from the general manager represented by Professor Price, to a team lead, project manager, technical documenter, software analyst, research analyst, budget analyst, and web developer. The project manager discusses the tasks necessary to complete with the entire group, and then assigns each task to the expert in it. With this plan, the group has build a demo prototype that is up and running in order to prove the concept. The group is also projecting on negotiating with NVIDIA to support commercialize the GAP final product.

The Market, Customer, and Competition

This phase of the plan will involve consulting various individuals, such as those at ODU’s college of business, for possible marketing approaches. It will also include plans for attending items such as trade shows. Our target customer is NVIDIA who is going to take on the complete API designed by the GAP members along with the supporting documents that increase the API into an SDK, and upgrading it into different solutions (like integrating it into their drivers as they did with the Shader capabilities with the GeForce3) based on their own marketing research to make it more attractive and sellable.

Intellectual Property (IP) Protection

In order to protect the Intellectual Property of our project, the GAP legal negotiator will do the following. First, a preliminary patent search will be conducted, then after preparing and filling the patent applications, an attorney will perform an abstract describing the methods followed to pass through the prosecution phase and the issue phase. For future protection, the patent should be maintained during the duration of the IP.

Phase I Final Report

Phase I was extremely successful for the GAP project.   The major milestone within this phase of project development was to develop a prototype, which would demonstrate “proof of concept”. The GAP prototype is all software.  In order to demonstrate the effectiveness of the prototype we linked it directly to the Navier Stokes application.  Overall the prototype structure will show the efficiency of computationally intensive application that uses GAP.  The design of our prototype allows the viewing of the application running on the GPU and the same application running on the CPU.  The difference will be evident when the executable files are running on the screen simultaneously.  The GAP prototype was design clarifies overall efficiency via demonstration.  The GPU executable runs several times faster than the CPU executable.  

In essence the GAP prototype goes a step beyond what the end product will actually do.  The final product will serve as middleware.  The use of the fluid dynamics application gives a pictorial view of what our code actually does. The prototyped version of the GAP final product was designed to specifically work with the fluid dynamics application.  The future product will work on various contexts and data.  The majority of the prototyped code is based off of vectors and floating point.  The final product will have more matrix functionality (more matrix multiplies) as well as higher efficiency with floating point operations.  

Along with the performance gain the prototype demonstrates the GAP interface.    Navier-Stokes equations, which solve the state of fluid over time, intensified the actual Phase 1 prototype. These complex equations required huge amounts of processing power and the versions developed by the GAP team show proof of concept.

Implementation

The GAP prototype is all code. The three major programmed functions of our prototype are Begin(),Flush(), and Command(). 

One of the major function of the GAP prototype is the Begin() function. Begin()’s major function is to prepare the context on the graphics card.  What Begin() actually does is prompt the beginning of the program.  Begin() loads the program into the machines memory.  The function only needs the context to proceed with its overall functionality.  The expected result for Begin() consist of loading the program.  

The next major function of   the GAP prototype is the Flush() function.  Flush()’s major role is to perform all current GAP demands and clear out the  queue, hence the word flush.    The Flush() function simply needs a place to put the result of the application or data using the GAP software.  The expected result of Flush() is to carry out all GAP demands and result in a clean queue.  
The last major function of the GAP prototype is the Command() function.  The command function consists of data and or instructions on what to do.  This function needs the data and the names of all commands requested of GAP.  

Design Pattern

Three major functions of the GAP prototype are the overarching categories of context-provider, GAP-calculator, and Result Display.

The Context-Provider serves to poll the graphics card for its capabilities, ensuring the program can be run on the GPU (in the final version, the context can dynamically interpret commands and dispatch them to the CPU or GPU as appropriate). After doing so it serves as a ‘point of contact’ for a program and the graphics card. All the GAP commands utilize the context as their method for going between the two processors.

The context provider needs a video driver in place that can confirm the video cards capabilities and give the context provider the various entry points to the card’s RAM (texture, shader sections, and so forth). It also needs a provided pointer from the regular system RAM to serve as the point of contact from that side.

A simple C++ code snippet for the context creation is as follows:

GAPContext myContext = GAPContextGenerator-CreateContext();

The function’s expected result is a pointer towards the context’s memory space. Should the context fail to contact the graphics card the result will be a NULL. In the prototype a NULL is also returned if the video card is unable to run the program, whereas in the final version this is kept in an internal state table that each command is parsed through.

The GAP Calculator is a function that encompasses a set of sub functions that perform the Navier Stokes equations. It does so in a method described by Joe Stam in his 1999 Siggraph paper.

To accomplish the calculations the calculator needs the state of the system, or simply notifications of any pertinent changes in the state if one has been provided previously.

The results are that of the next time step (1/20th of a second) on the equation’s current settings, such as iterations per time step (more iterations provide more accurate data). The result can be kept on the graphics card for performance, or be returned to the primary system RAM upon demand.

The Result Display takes the output of the GAP Calculator and displays them to the screen using standard OpenGL calls. By default the function only requires GAP Calculator have been called successfully, as it will render what is in the calculator’s current state space. Otherwise the function will need a pointer to the part of RAM containing a texture that it should render to the window.

The expected results are a visual representation of the system; in the context of the prototype this means the current Navier Stokes results of the system. These are rendered two dimensionally to the entire space of the primary window of the prototype.

Productivity Analysis

The GAP Prototype was completed on time and without going over the Phase 1 proposed budget. The results of the GAP Phase 1 prototype should be viewed highly as a success and warrant further research to advancing the development of GAP into production. The overall success to the GAP Prototype development was the reason for the overall success of our prototype as well as the entire phase 1.  

Below you can view a pictorial version of our prototype running using Navier stokes.  Viewing overall CPU usage through the task manager shows how much more efficient applications such as Navier stokes are while running on the GPU.
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