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1. Project Summary

Recent advances in high-speed networks and improved microprocessor performance are making cluster of workstations an appealing vehicle for cost-effective parallel computing.  The current trend in parallel computing is to move away from well-established custom-designed high performance computing platforms to general purpose systems consisting of loosely coupled components built up from single (WHAT?) or multiprocessor workstations or PCs.  In recent years, there has been active research work in the field of System Area Networks (SANs) to optimize interconnect something-missing-here (Network Interfaces/Routers) in order to achieve high throughput and low latency. These SANs are characterized by high bandwidth, low latency, a switched network environment, reliable transport service implemented in hardware, no kernel intervention to send or receive messages, and little or no memory-to-memory copying on either the sending or the receiving side.  The challenge in designing programmable network interfaces is to provide hardware support to achieve minimal software message-passing overhead, to accommodate multiprogramming under a variety of scheduling policies without sacrificing protection and to overlap communication with computation.

This project aims at developing a truly Programmable Network Interface (NI) with the following  important features:

Programmable Medium Access Control (MAC) layer for IEEE 802.3 Ethernet, IEEE 802.5 Token ring and other standards.

Virtual memory mapping technique based on Virtual Interface Architecture (VIA) standard thereby providing a user process direct access to the network interfaces avoiding intermediate copies of data and bypassing the operating system in a fully protected fashion. This reduces the system overhead to send and receive messages and/or data and the time required to move a message or data across the network.

The advent of low-cost powerful embedded processors and large density, high performance reconfigurable Field Programmable Gate Arrays (FPGAs) makes such a project economically viable and desirable.  The configurable network interface consists of embedded processor coupled with field programmable gate arrays (FPGAs).   This could even be used for implementing data intensive streaming computations during communications. The reconfigurability of NIs also facilitates the movement of scheduling operations to the NIs and the use of FPGAs to provide practical implementations of computationally demanding QoS scheduling disciplines for real-time communication.

Another major aspect of this project is to develop an extensive software and quality management middleware layer that enables the dynamic placement of hardware FPGA configurations and software computations within the NIs and  to provide a  uniform API (XXX?) to multiple  heterogeneous network substrates.

The approach taken in this work is an experimental one, and is  driven by existing application implementations.  The main objective is the construction of an experimental testbed with off-the-shelf FPGAs and embedded processor modules.  The experience with the testbed will be used in the design of customized Network Interfaces. 

Introduction and Motivation (2. Project Description)

Internet infrastructure is strongly dependent on several popular protocols, some of which have become archaic in the face of phenomenal technological advances during last decade. As a side effect of compulsory support of this legacy, basic network infrastructure is difficult to change despite clear demand to support emerging applications and services. Application layer level networking has emerged as a viable alternative to deploy novel networking infrastructure to enable a number of applications and services that are limited due to the legacy network and transport layer level infrastructure. 

Application Layer Networking

While the goal for traditional network infrastructure is restricted to efficient packet processing at network (IP…expand) layer level, state-of-the-art network services increasingly depend of content-aware network infrastructure. Traditional routing and switching infrastructure uses minimal compute resources to examine an incoming packet, look-up a routing table, and schedule the packet for forwarding through an appropriate output port. Many new Internet services are based on application-specific payload processing, such as content-aware forwarding, multicasting, media transcoding, proxying, and QoS (Quality of Service) provisioning. All of these services require compute and I/O resources to lift an IP packet through all protocol layers up to the application layer for processing. This type of processing requires flexible and general-purpose computing platforms rather than special-purpose routing hardware and software, which are optimized to perform as edge servers. Efficient routing problem is essentially transformed into a problem of obtaining high performance from general-purpose PC based server. 

Clearly, the growing adoption of application level networking has blurred the boundary between a router and a server. Due to resource hungry nature of application networking infrastructure, CPU and task scheduling, elimination of multiple memory-to-memory copy based protocol overhead, and other OS related overhead is essential. One of the most important components in this scenario is the Networking Infertance (NI). If we can optimize the NI by eliminating unnecessary overhead, we can get same performance that we come to expect from dedicated routers, in addition to value-added application layer networking services. 

Motivation for Programmable MAC Layer/Network Interface

Rapid developments in networking technology and a rise in clustered computing have driven research studies in high performance communication architectures. Networking software has not kept pace with the explosive improvements of physical layer hardware. Typical protocol overheads can be several times the actual transport latency. While this problem is substantial even for bulk transfers, it becomes especially acute for applications that frequently send small packets of data, such as fine-grained parallel programs and distributed coherence protocols. In high-performance communication environments, overheads of dozens of microseconds to send a single packet are unacceptable. There have been many efforts to reduce the overhead of traditional system networking stacks, including optimizations to reduce the frequency of TLB (expand) or cache misses and tight integration across protocol layers in the stack. Still, in current implementations, overhead remains large when compared to transmission times for typical packet sizes on a gigabit-level interconnect. The alternate solution to this problem is to remove the operating system from the critical path of communication entirely, providing direct user-level networking. The operating system is used to set up the data structures and mappings required to provide the user process with direct, protected access to the network interface. The process can then send and receive packets without further operating system involvement, thus greatly reducing the communication overhead. The network interface must have a certain degree of intelligence to enforce the protection boundaries established by the operating system.

Cluster systems are becoming increasingly more attractive for designing scalable servers with switched network architectures that offer much higher bandwidth than the broadcast-based networks. Quality-of-service (QoS) provisioning in such clusters is becoming a critical issue with the widespread use of these systems in diverse commercial applications. The tremendous surge in dynamic web contents, multimedia objects, e-commerce, and other web-enabled applications requires QoS guarantees in different connotations. The guaranteed communication delay and bandwidth requirements of the applications mandate that the cluster interconnect should be able to handle these traffic demands. These demands in turn are passed on to the building blocks of the interconnects, the switching fabrics, or routers. It is known that the network interface (NI) plays a crucial role in reducing the communication overhead.  The role of the NI may become even more important to satisfy the QoS requirements.

 In Section 2, we describe the general area of endeavor that this proposal addresses—active networks. Section 3 presents an overview of related research efforts. Hardware and software architecture of our proposed programmable MAC layer is presented in Section 4. Section 5 describes the current status of this work. Project objectives are depicted in Section 6. Project milestones, proposed impact, and a detailed budget are in Sections 7, 8, and 9, respectively.

Active Networking Paradigm

Application Specific Services

[AWaheed]

QoS and Real-Time Requirements 

[Sqalli]

Resource Reservation

[MFK]

Need for Programmable MAC Layer/Network Interface

The network interfaces of existing multi-computers and workstation networks require a significant amount of software overhead at the operating system level to provide protection, buffer management, and message-passing protocols. Moreover, the commercial network interfaces designed for the new high-bandwidth networks are not suitable for a large set of distributed and cluster computing applications. Hence there is a need to design a network interface that does not involve the operating system in sending or receiving messages but does support optimized versions of TCP/IP and NFS.  The challenge in designing network interfaces is to provide appropriate hardware support to achieve minimal software message-passing overhead, to accommodate multiprogramming under a variety of scheduling policies without sacrificing protection and to overlap communication with computation. A virtual-memory mapped communication approach is required which allows programs to pass messages directly between user processes without crossing the protection boundary to the operating system kernel, thus reducing software message –passing overhead significantly. Implementation of this approach requires network interface support and must be implemented completely in hardware. 

 3. Literature Review

Content Distribution Networks

Content distribution networks (CDNs) provide value-added services to broadcast streaming audio and video content. Due to resource-hungry nature of streaming audio and video applications, broadcasting multimedia content without CDNs is inefficient. Although the focus of multimedia content has been a focus of the CDNs, other type of content, such as text, images, and applications is also carried by CDNs. CDNs are generally enabled by one of two possible architectures: infrastructure based CDNs or peer-to-peer architectures. In the first case, a dedicated network of multiple servers placed at key distribution points, acts on behalf of servers to forward their contents to their distributed clients. Examples of some of the content distribution service providers are Akamai [], Digital Island [], SpreadIt[], Allcast [], and vTrails []. Main limitation with this or their approach is the cost of establishing a large infrastructure consisting of thousands of servers possibly connected through leased lines. Peer-to-peer architectures use little or no dedicated infrastructure and rely mainly on the participation of individual peer for significantly long periods of time. Examples of this kind of architecture include Napster [] and Gnutella []. Some services, such as CoopNet [] are implemented to take advantage of both types of architectures. Despite limitations, infrastructure based CDNs are widely used due to their flexibility to enable application-level multicast of their contents [ALMI, End System Multicast, Scattercast]. 

Server Acceleration

Server acceleration is a key activity in the design of application layer level content delivery infrastructure. Compared to lower layer level infrastructure, such as switches and router, higher layer level infrastructure requires greater computing capabilities to prove (or provide?)  content-aware services. Server acceleration involves enabling a general-purpose platform (such as a high-end PC) to become a high-throughput content delivery engine. Server acceleration requires maximizing utilization and minimizing overhead due to use of system resources, such as CPU, memory, I/O, and network, by various server software components.

Traditionally, the term server acceleration has been used to refer to reverse proxy servers that are placed in front of a web or streaming media server to off-load the original server. May or Many commercial server acceleration products are available, including those from CacheFlow [], NetApps [], Volera [], and Inktomi []. Shin and Koh [] describe the role of processor scheduling to design a server for high throughput content delivery. Our recent work also focuses on measuring and optimizing the memory performance of content (text as well as media) servers to obtain high throughput [salam-alada, Yau]. Smith et al. compare the throughput of some commercial Lightweight Directory Access Protocol (LDAP) servers using synthetic workloads []. 

System Software Core

Application layer networking is enabled through various software components, including operating system and a number of middleware components. While operating system provides system resource management, the middleware components use operating system services to implement the required networking infrastructure. In essence, system software core is required to minimally provide the functionality of a switch or a router. Instead of using dedicated hardware, customized system software core is used. Software core deals with multithreading, task scheduling, memory management, I/O optimization, admission control, bandwidth allocation, etc. Gribble et al. describe a platform for providing infrastructure services []. 

Edge Servers and Programmable Routing Architectures

Internet architecture requires pushing computational intensity toward the edges to free resources at backbone routers. Many researchers have tried to address this problem in different ways. Pradhan and Chiueh implement QoS capable router using a cluster of PCs connected through a high speed SAN. Customized resource scheduling and peer-to-peer Direct Memory Access (DMA) operations are used to eliminate the software related overhead. Extensible router project at Princeton University [] also strives to make routers open and general purpose. Router extensions have been proposed through the use of kernel modules. A recently proposed software, Click [], uses modular software for routers based on general-purpose PCs. Scalable IP Router project [] uses a cluster architecture to speed up complicated IP packet forwarding or processing.

Active Networks

Active networks are a novel approach to network architecture in which the routers or switches of the network perform customized computations on the messages flowing through them.  Active architectures permit a massive increase in the sophistication of the computation that is performed within the network. They will enable new applications, especially those based on application-specific multicast, information fusion and other services that leverage network-based computation and storage. Furthermore, they will accelerate the pace of innovation by decoupling network services from the underlying hardware and allowing new services to be loaded into the infrastructure on demand.

Traditional data networks passively transport bits from one end system to another. Ideally, the user data is transferred opaquely, i.e., the network is insensitive to the bits it carries and they are transferred between end systems without modifications. The role of computation within such networks is extremely limited, e.g., header processing in packet-switched networks and signaling in connection-oriented networks. Active networks break with tradition by allowing the network to perform customized computations on the user data.  For example, a user of an active network could send a customized compression program to a router within the network and request that the router execute that program when processing their packets.   These networks are active in two ways – (i) switches perform computations on the user data flowing through them, (ii) Individuals can inject programs into the network, thereby tailoring the node processing to be user- and application-specific.

There are several approaches to the realization of active networks; important among these are the Programmable Switch approach and Capsule approach. The programmable switch approach maintains the existing packet/cell format, and provides a discrete mechanism that supports the downloading of programs. Separating the injection of programs from the processing of messages may be particularly attractive when network administrators, rather than individual end users make the selection of programs. In capsule approach, active miniature programs that are encapsulated in transmission frames and executed at each node along their path replace the passive packets of present day architectures. User data can be embedded within these capsules, in much the way a page’s contents are embedded within a fragment of PostScript code.

Research in active networks is motivated by both technology push and user pull. The pull comes from the assortment of firewalls, web proxies, multicast routers, mobile proxies, video gateways, etc., that perform user-driven computation at nodes within the network. The technology push is the emergence of active technologies. Work on active networks is underway at a number of universities/organizations that are independently studying capsule and programmable architectures; enabling technologies; specification techniques; end system issues; and applications including network management, mobility and congestion management. The MIT [] team is prototyping an architecture based on the capsule approach and studying issues related to component specification, active storage, multicast NACK fusion and network-based traffic filtering. The SwitchWare project at University of Pennsylvania [] is developing a programmable switch approach that allows digitally signed type-checked modules to be loaded into the nodes of a network.  The several aspects of this design are being studied jointly with Bell Communication Research group [] using a different infrastructure called OPCV2. The NetScript project at Columbia University [] consists of programming language and execution environment.  The CMU team [] is developing resource management mechanism in support of “application-aware networks”.

Cluster Computing

Cluster computing consists of short-distance, low-latency, high-bandwidth IPCs (Expand) between multiple building blocks. Cluster building blocks include servers, workstations, and I/O subsystems, all of which connect directly to a network). IPC performance depends on the software overhead to send and receive messages and/or data and the time required to move a message or data across the network. The number of software layers that are traversed and the number of interrupts, context switches, and data copies when crossing those boundaries contribute to the software overhead.

3.6.1   Virtual Memory Mapped Communication

The basis for all user level networking is memory mapping, allowing the application access to the memory space of the network interface card (NIC). A virtual-memory mapped communication approach allows programs to pass messages directly between user processes without crossing the protection boundary to the operating system kernel, thus reducing software message–passing overhead significantly. Implementation of this approach requires network interface support and must be implemented completely in hardware. 

Virtual-memory-mapped communication has several advantages over traditional, kernel dispatch-based message passing. One advantage is that virtual-memory-mapped communication incurs low overhead, since data can move between user processes without context switching and message dispatching. Another advantage is that virtual-memory-mapped communication moves memory buffer management out of the kernel to the user level. Applications or libraries can manage their communication buffers directly without the expensive overhead of unnecessary context switches and protection boundary crossings that are commonly used. In addition, virtual-memory-mapped communication takes advantage of the protection provided by virtual-memory systems. Since mappings are established at the virtual-memory level, virtual-address translation hardware guarantees that an application can use only mappings created by it, which eliminates the per-message software protection checking of traditional message-passing implementations.

One of the main implementation difficulties is managing the mapping between the virtual addresses of message buffers specified by applications and the physical addresses required for actual transmission and reception. The network interface must be able to translate the virtual buffer addresses to physical addresses, and the translations must be coordinated with the operating system’s virtual memory subsystem. The application specifies message buffers using offsets into the buffer region, which the network interface can easily check against the region’s bounds and translate. This prevents the network interface from issuing illegal direct memory accesses because the virtual-to-physical mapping is fixed and all buffer pages are guaranteed to have physical backing. Allocating physically contiguous buffer region for each application and pinning it down to physical memory increases the total amount of memory dedicated for communication, which grows with the network bandwidth as well as with the number of applications accessing the network. While very few applications can simultaneously make significant use of the network, a typical Unix workstation has dozens of processes with open network connections, most of which are sleeping at any given point in time. In contrast, in systems without user-level messaging the kernel-based networking stack controls the network buffers centrally and shares them among all applications. The kernel buffer pool is roughly proportional in size to the network bandwidth and is typically pre-allocated and pinned to physical memory at boot time. Hence a small amount of memory management capability needs to be added to the network interface to page the network buffers. This increases scalability in the number of concurrent network applications by allowing buffers belonging to inactive applications to be paged out.

3.6.2     Virtual Interface Architecture (VIA)

The speed of the physical layer of networks has grown rapidly in recent years. Applications have not been able to take full advantage of performance improvements (such as increasing network bandwidths and decreasing latencies through these networks) due to many layers of user-level and kernel-level software that is required to get to and from the network. To address this problem and to standardize the work in this area, industry leaders have developed the Virtual Interface Architecture (VIA) specification. The Virtual Interface Architecture is targeted as a communication infrastructure for Systems Area Networks (SANs). It seeks to enable a way of new cluster applications that are able to harness the communication performance of these emerging networks.  Virtual Interface Architecture significantly reduces the software overhead between a high-performance CPU/memory subsystem and a high-performance network. This architecture seeks to provide an operating system-independent infrastructure for high-performance user-level networking in a generic environment.  VIA defines a set of functions, data structures and associated semantics for moving data into and out of a process’s memory. It achieves low-latency, high-bandwidth communication and data exchange between processes running on two nodes within a computing cluster, with minimal CPU usage.  VIA gives a user process direct access to the network interface, avoiding intermediate copies of data and bypassing the operating system in a fully protected fashion. Avoiding interrupts and context switches whenever possible minimizes CPU usage. 
  The core of the specification is a set of principles outlining user-level networking where the operating system is involved only in infrequent setup operations, which establish the structures for hardware protection checks and direct access to the network.

 In VIA, the application’s access to the NIC is limited only to those portions that can send and receive packets; creation and destruction of endpoints requires involvement of the operating system. To provide for proper multiplexing, the operating system gives the NIC knowledge of which endpoints exist, where they are, and to whom they are connected; this lets the NIC accept only correct data from applications and refuse all others. Applications cannot access each other’s endpoints because they simply don’t have access to the necessary portions of the NIC’s memory space. In VIA, the operating system is used not only for VI endpoint creation and destruction, but also for connecting and disconnecting endpoints. Hence, VIA is a connection-oriented protocol. This allows for further operating system control over the use of the network by controlling the quantity and specifics of connections. Buffers of data to be sent and received are created in an area of memory that the network card has access to (typically pinned memory which cannot be paged out, called registered memory in VIA), and the application’s desires to send or receive packets are communicated via a portion of the network card’s space that is mapped into the application’s address space (using a mechanism called a doorbell in VIA). Because the address mappings involved here can only be setup by the operating system, correct protection and virtualization is maintained, while the operating system remains completely out of the critical send-receive data path. 

Design of Programmable MAC Layer

Overview of the Architecture

Figure 1 provides an overview of the content networking infrastructure. Network backbone consists of traditional routers working at network (IP) layer levels. However, edge routers within autonomous systems (ASs) can work even at application layer level to provide value-added services
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Figure 1. An overview of using content networking engines in different autonomous systems (ASs) while utilizing the existing network infrastructure outside of ASs.

Software Architecture

Figure 2 depicts the software architecture for programmable MAC. Multiple services are available at application layer level, including overlay networking, resource management, routing, voice-over-IP gateways, proxy, and system controller. These services can directly access the MAC layer while bypassing the intermediate layers and kernel overhead. 
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Figure 2. Layered software architecture for enabling content networking. Software architecture allows bypassing higher layer to allow direct access to the network to enable high performance communication. 

FPGA Based NIC Design

The challenge in designing network interfaces is to provide appropriate hardware support to achieve minimal software message-passing overhead, to accommodate multiprogramming under a variety of scheduling policies without sacrificing protection and to overlap communication with computation. A virtual-memory mapped communication approach is required which allows programs to pass messages directly between user processes without crossing the protection boundary to the operating system kernel, thus reducing software message –passing overhead significantly. Implementation of this approach requires network interface support and must be implemented completely in hardware. 

 [ incomplete  - currently being modified]

Interface With Software Architecture

We will employ Virtual Interface Architecture (VIA) standard to interface the software core with the hardware architecture. VIA is an emerging standard, which is being adopted by many active networks; thus making it suitable for our programmable MAC layer project. 

Current Status

Our work on various design and performance aspects has been progressing since last one year. We have an experimental testbed, which has been used to conduct several related case studies. In this section, we briefly introduce the testbed and some preliminary findings of our work.

Performance Engineering Testbed

This testbed consists of following resources:

4. Project Objectives 
The main objectives of the  project are to provide  support for the  following applications:

· High performance parallel computing using a cluster of PCs and a switch

· QoS guarantees for real-time applications

· Software switches, which are programmable to become layer2, layer 3, layer 4 or even ATM switch

· Use of general purpose PC platforms to work as a high performance switch

 5. Project Design Number the task and explain each in few lines
· [Task 1] Defining overall architecture and interface between hardware and software;

· [Task 2]: Design of FPGA based NIC;

· [Task 3] Simulation of the programmable NIC;

· Implementation for the FPGA based NIC;

· Development of software modules;

· Integration of hardware and software modules; and

· Performance analysis of the integrated programmable system.

6. Organization and Management Plan

A team of three investigators will conduct the work in this project. They will meet at least once a week to discuss the progress of the project and to exchange information about the particular tasks. Being faculty members at the college of Computer Sciences and Engineering, the investigators are expected to advise some of their students to participate in the project. There will be at lease two research assistants helping the investigators in setting up equipment and necessary programming. All the investigators are experienced in their respective areas.

Dr. Naseer…..

Dr. Waheed…..

Dr. Sadiq M. Sait has major interests in computer engineering and applications of computers in general. His Ph.D research involved extensive software development. He has published over 80 papers in his areas of interest and in other areas related to computer engineering, authored two books in the area of computer engineering (one co-published by McGraw-Hill Book Co., Europe and the IEEE Press, and the second published by the IEEE Computer Society Press), and has worked on 8 funded projects, all completed successfully.  He has also presented papers in international conferences and given invited lectures in Germany and Switzerland.

Tasks and workload will be divided amongst the three investigators uniformly. Responsibilities of individual investigators are indicated in the Table 1. Research Assistants will be Computer Science/Engineering graduates or senior students. The investigators will hold meetings as often as necessary to coordinate their work. 

7. Work Plan

The duration of the project is 22 working months (or 24 calendar months) starting from the time of signing the contract.  The overall project is divided into kk tasks. The timetable below shows the period required for each task and the manpower assigned to it.  A progress report will be submitted after every 6 calendar months and the final report will be submitted at the end of the project. The senior investigators will work for the entire duration of the project. The research assistants will also be working 20 hrs/week for the duration of 20 months during the project. A secretary will be working for 20 hrs/week for a total of about 4 months during the project.

The project will be carried out during regular semesters and one summer month.   Thus there will be 11 working months in each calendar year for 2 years. The timetable shows calendar months.

	Task
	AN
	AW
	SMS
	R1
	R2
	Q1
	Q2
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	Q6
	Q7
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	X
	

	6
	X
	X
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	X
	
	
	
	
	X
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	7
	X
	X
	X
	X
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	X
	
	X
	
	X


Task table.

AN  
= A Naseer

AW     
= Abdul Waheed 

SMS  
= Sadiq M. Sait

R1     
= Research Assistant 1

R2     
= Research Assistant 2

Qi      
= Quarter Number

8. Utility Value of the Project 

(This is old and needs to be re-written by one of us). The proposed research work offers both the theoretical and practical background for Internet use and computing. The project has both industrial as well as academic value. The outcome of this research will contribute to the resolution of several fundamental practical problems. For example the results of this survey should assist the following agencies and groups in a very specific way:

KACST and other government agencies should use this study in defining policies and guidelines for Internet use.

Education at all levels (university, college, and secondary) should improve teaching methods and quality of teaching.

Businesses will recognize the importance of Internet as a potential mean to get to new markets and compete in international markets, especially with joining of the Kingdom to WTO.

Individuals will recognize the value of Internet as a source to enrich quality of life and reduce inconveniences of their daily life resulting from lack of information access and global exposure.

By recognizing the positive and negative value of the Internet, the society will adopt to Internet use with minimal resistance to change.

The proposed project represents a critical and vital step to be internationally competitive. It will help establish a strong research program in the use and effect of the Internet. 

With the launching of the Internet and the new Ph.D. program and expected development of MIS work towards this project will help in generating research projects for graduate students in the departments of computer science, computer engineering and Accounting/MIS at KFUPM. 

By the end of the KACST funded grant, a strong research base will be available to ensure maintaining competitive research after this program. The results and outcome of this research will enhance the visibility of the state-of-the-art technological development of this country.

The utility value of this project to the Kingdom of Saudi Arabia is many-fold, namely, study of technology adaptation to local needs, and, collection and interpretation of information that will assist government agencies academic institutions and business centers in their use and application of this new technology in the Kingdom. It is hoped that upon completion of this project, the report will serve as an important contribution to the scientific community at large and the Kingdom in particular. 

9. Detailed Budget

Senior Investigators

The senior investigators will work during the regular semesters for the entire duration of the project.  Thus they will work for 10 months and one summer for two years.  The Principal Investigator will work during summer for two years, whereas the Co-Investigators will work for one summer each. They will receive SR 2000/- per month, plus SR 5000/- for each summer.  Their total compensation will amount to:

  Abdul Naseer     
 
SR 2,000.00 * 20 + 10,000=  SR  50,000

  Abdul Waheed  AS  

SR 2,000.00 * 20+ 10,000 =   SR   50,000

  Sadiq M. Sait
    

 SR 2,000.00 * 20+ 10,000 =   SR   50,000
                              


Total:

  SR 150,000

Travel

The investigators would like to travel to other universities in the Kingdom and in the gulf, and to the US to attend conferences and present papers. The expected cost is 

SR  60,000

Other Personnel

Two research assistants will work 20 hrs/week during regular semesters for 20 months during the project.    Their total compensation at the rate of SR 1600/- per month will be 

 SR 2 * 1600 * 20   =  SR  64,000

Two students from the University will work 20 hrs/week during regular semester for 20 months during the project.  Their total compensation at the rate of SR.16,000 per year will be






 SR  2 *  16,000  =   SR  32,000

A secretary will work at the rate of SR 20/hr.  His services will be needed for 200 hours during the first year and for 200 hours during the second year of the project. Thus the total compensation for secretarial services will amount to 2 * 4000 = SR  8,000. The total compensation for other personnel will thus be 

SR 64,000+SR 32,000+ SR 8000  = SR 104,000

Consultants

The investigators will be working with one Internet Service Providers consultant. The total compensation for consultant for two years will 

 SR  14,000

Equipment, Materials and supplies

Equipment and facilities available at KFUPM will be used at no charge to the project. These include facilities at the computer center. Additional equipment needed for the project is detailed below. 

We would like to acquire Workstations and a high-end and a low-end printers (costing SR 13,000). The labs at KFUPM are connected to the college wide network.  To connect to the university wide fiber-optic network, networking equipment will be procured to connect Workstations. We would also like to obtain some literature that needs to be purchased  (SR 2,000/-).

Work Stations 







  40,000

Printer costing 






  13,000

Networking equipment





  10,000

Purchase of literature 






    2,000

Miscellaneous 






    5,000

      









----------

Total: 







SR.
  70,000

Computer Services

KFUPM computer facilities will be used at no charge to the project.

Publication Charge

At least one publication, other than conference papers, is expected to result from the project.  A cost of SR 2,000 is estimated.   In addition, a cost of SR 4,500 will be incurred for printing of reports.  Thus the total publication cost will be 

SR 
 6,500/-.

Total Cost

The total cost of the project will be 

SR 
364,500/-

10. Current and Pending Support

No financial support has been requested for this project from sources other than KACST. The investigators are not working on any other KACST project at the present time.

Work Plan

[All should contribute]

Detailed Budget

Duration: 1 year

# of Pis = 3

# of students = 2

Equipment: a subset of: router, 10/100 Mbps switch, high-end PCs, wireless network, a disk pack or RAID, terminal switch (at least 16 ports for keyboard, mouse, and monitor)

Software: Netscape Enterprise server, Real Networks streaming server, eXceed, unix utilities for windows
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