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Goals
� Build a functioning IP router!

� Learn about 
� Embedded systems design
� Hardware/software systems
� Network systems architecture
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Logistics
� Lectures: MWF 2-2:50PM, DH 1046
� Tutorials: Check schedule, AL A123
� Instructor: Jeffrey Shafer
� TA: Mike Foss
� Office: DH 3035

� Web: http://comp519.cs.rice.edu/
� Slides, syllabus, schedule, and more…
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RCA Research Areas
� Network systems architecture

� Network interface design
� Network server design
� Switch / router design

� Operating systems and virtualization
� Network efficiency and performance

� Memory systems architecture
� Memory controller architectures
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Who are you?
� Hardware?

� Software?

� Networking?

� Embedded systems?
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Network Systems Architecture
� Specialized systems for networking

� Network interfaces
� Switches
� Routers
� …

� Typically a combination of software control and 
special-purpose hardware for packet processing
� Network processors
� Lightweight microprocessors with custom hardware
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Course Perspective
� Projects will focus on routers

� Other network systems will be discussed 
throughout the class

� Performance is a major design 
consideration for real routers

� We will focus on functionality
� Data plane

� Routing

� Control plane
� ARP, ICMP, etc.
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What is routing?
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Routing Tables
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Packets
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Autonomous Systems
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Questions
� How do you determine a packet’s 

destination?
� How do you know the best next hop?
� How do you keep track of all the hosts’

locations?
� How do you know what routers/hosts are 

directly connected?
� …
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“Real” Routers

- Images from Cisco Web Site
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Stanford’s NetFPGA

� 4 Ethernet Ports
� Virtex II Pro FPGA
� 32-bit PCI interface
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Hardware Topology
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Software Topology
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Resources
� comp519.cs.rice.edu

� 8-way Opteron server
� All CAD tools available
� Gateway to all other machines for the class

� NetFPGA hosts
� Intel Atom systems running Ubuntu Linux
� Download hardware configuration
� Run router software

� Router software can be developed anywhere
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Tutorials
� Gain familiarity with the tools for the projects

� Both hardware and software
� Everyone must attend all tutorials (5% of final grade)

� Software
� Virtual network system (VNS)
� Version management
� Examining packets

� Hardware
� NetFPGA
� Xilinx tools
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Software Projects
� Build an IP router

� Route packets to known destinations
� Handle basic control plane functions

� Add a user interface
� Interoperate with other routers

� Learn the network topology
� Build dynamic routing tables

� Integrate with hardware router
� Manage hardware forwarding tables
� Process packets from the hardware



�
Network Systems Architecture

Hardware Projects
� Build a learning switch

� Gain familiarity with NetFPGA
� Some building blocks for an IP router

� Build an IP router
� Forward packets to known destinations
� Drop all other packets

� Integrate with software router
� Forward “other” packets to the software
� Send out packets from the software
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Schedule
� Next time: Internet Fundamentals

� Friday: Ethernet

� Projects: begin in January
� Ethernet switch – Function in simulator  (Step 1)

� Ethernet switch – Function in hardware  (Step 2)

� Software router


