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1.0 Introduction

Communications service providers demand increased service life, flexible interface options, and 
wire speed performance in the communications products they deploy. Intel® Internet Exchange 
Architecture (Intel® IXA) is a top-to-bottom family of high-performance, flexible and scalable 
hardware and software development building blocks designed to meet the growing performance 
requirements of today’s networks. Based on programmable silicon and software building blocks, 
Intel IXA solutions enable faster development, more cost-effective deployment and future 
upgradability of network and communications systems. These components provide the flexibility, 
scalability and performance levels to meet the needs of network application developers. 

Using the Intel IXP1200 Network Processor and other Intel IXA developer forum member’s 
products, designers reduce the risk of creating new designs and accelerate design cycles. N
processor-based equipment enables programmable upgrades that increase product service 
Upgrades allow deployment of new processing algorithms that support the latest network 
topologies. The Intel® WAN/LAN Access Switch Example Design demonstrates an entry-level 
access switch using Intel IXA building blocks to develop next generation networking applications. 
The access switch example uses products that are available to developers and designers from Intel, 
Trillium Digital Systems, Inc., and Microware Systems Corporation, an Intel IXA developer forum 
member. Intel and Intel IXA developer forum members strive to develop an extensive ecosystem of 
products and tools that can be used to quickly develop a networking application for today’s In
environment. 

This example design illustrates the use of some solutions available in Linux with the OS agn
ATM subsystem software and Microware’s Microcode Solutions Library* AAL5 Microcode. Th
Intel IXA ecosystem provides other software components for designers to use.

Key features of this example design include:

• Intel IXDP1200 Advanced Development Platform

— Intel IXM1200 Network Processor Base Card

— Intel IXD4521 WAN I/O Option Card

• Microware’s Microcode Solutions Library (MSL) AAL5 with L3 Forwarding Microcode

• Intel’s Big-Endian Linux Kernel Release for IXP1200 (from the Linux open source 
community)

• TCP/IP, OSPF and RIP Routing Protocols (from the Linux open source community)

• Trillium Digital Systems, Inc. ATM Signaling Stack and PLOA (Protocol Layers over ATM) 
Protocols 

• Linux AAL5 Sample Driver (interface from ATM stack to AAL5 Microcode)

For additional information about the products used to create this example design, see “Products 
Available for Access Switch Designs” on page 16. A list of acronyms and definitions is provide
“Definition of Terms” on page 20. 

Additional information about the Intel Internet Exchange Architecture can be found at: 
http://www.intel.com/IXA
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2.0 WAN/LAN Access Switch Example Design

The Intel WAN/LAN Access Switch Example Design is specifically tailored to the Intel IXP1200 
network processor. The Intel IXP1200 network processor is a programmable and scalable choice 
for designing network applications. 

The IXP1200 network processors use integrated microengines to achieve wire speed performance. 
The processor combines an Intel® StrongARM* core with six independent 32-bit RISC 
microengines with hardware multi-thread support that, when combined, provide over one billion 
operations per second. The microengines contain the processing power and the flexibility to 
perform tasks typically reserved for high-speed ASICs. The Intel StrongARM* core targets more 
complex tasks, such as maintaining forwarding tables and network management.

This access switch design illustrates one solution as an ATM to 10/100 Ethernet switch. The 
TCP/IP and ATM stacks reside on the Intel StrongARM* core. The IXP1200 microengines focus 
on ATM encapsulation, Layer 3 forwarding, and software SAR and CRC functionality. The access 
switch design uses a Linux Big-Endian Release available in the open source community. These 
building blocks and others are discussed in this application note, along with the access switc
functionality and basic operation.

Figure 1 is a high-level overview of the hardware and software products that are described in
application note.

Figure 1. High-Level Block Diagram of the WAN/LAN Access Switch Example Design
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2.1 Hardware Components

The access switch illustrates ATM to Ethernet functionality handled by the IXP1200 Network 
Processor on the Intel IXDP1200 Advanced Development Platform. The platform contains the 
Intel IXM1200 Network Processor Base Card and the IXD4521 WAN I/O Option Card. The 
development platform is a compact PCI chassis. The base card and option card block diagrams are 
pictured in Figure 2. 

The Intel IXM1200 Network Processor Base Card includes the IXP1200 network processor; an 
IXF440 MAC with eight Fast Ethernet ports using two LXT9763 PHYs; an 82559 PCI MAC used 
as a debug Ethernet port; an open IX bus interface and an integrated PCI interface; flash; SRAM; 
and SDRAM memory. This access switch example uses four of the eight Fast Ethernet 10/100 
ports. The base card contains multiple memory sources for quick access and execution. The base 
card contains 8 Mbytes of flash memory, 8 Mbytes of SRAM and 128 Mbytes of SDRAM. After 
Linux boots up from flash, the Intel StrongARM* core executable code is loaded into and run from 
the SDRAM. The SRAM is used for sorting read and write requests and managing queue priorities. 
Quick accesses to memory are an important feature for the execution speed of the six microengines 
contained in the IXP1200 network processor.

Figure 2. Intel® IXM1200 Network Processor Base Card and 
Intel IXD4521 WAN I/O Option Card Block Diagram
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The IXD4521 WAN I/O Option Card contains two OC-3/OC-12 GD1659x transceivers, an 
IXF6012 Multi-speed SONET/SDH Cell/Packet Interface, an IXB8055 Utopia Interface and an IX 
Bus Connector. This SONET device provides two OC-12 ports, one transmit and one receive, or 
four full-duplex OC-3 ports. This access switch example design uses one of these four full-duplex 
OC-3 ports. The IXB8055 Utopia Interface features an IX bus slave interface with split bus; 
unidirectional 32-bit receive and transmit buses. The packet is transmitted over the IX bus to the 
microengines on the IXP1200 Network Processor.

2.1.1 Microengines

The Ethernet packets flow through the Intel IXM1200 Network Processor Base Card’s LXT9
PHY to the IXF440 MAC. ATM packets flow through the Intel IXD4521 WAN I/O Option Card
Transceiver to the IXF6012 device. Both are received and processed in the IXP1200 32-bit 
Microengines with hardware multi-thread support. The microengines are programmable usin
symbolic microcode instruction set, optimized for bit stream manipulation. The instruction se
offers bit, byte, word and double-word instructions, and a variety of optimization tokens. A ke
feature of the IXP1200 is its ability to swap from one thread to the next with no performance
penalty. The key benefit of multi-threading is that each microengine can do useful work even 
other threads are waiting for memory transactions to complete.

Quick processing of Ethernet and ATM packets enables flexibility and wire speed performan
This is important since the majority of the packet flow is processed in the microengines. The
microengines have their own 2k 32-bit control store space for activities required by the switc
Each microengine has four threads for a total of 24 threads available for processing. This ac
switch uses four of the six microengines. The remaining two microengines are for custom 
functions. This is an ideal solution for a specialized design; the packet switching is already in
design and the ease and programmability of the IXP1200 network processor makes adding 
value-added code to your design an easy task. Microware Systems Corporation offers this 
microcode as a product you can purchase for a faster time-to-market solution. You could als
develop your own microcode solution by starting with the Intel® ATM/OC-3 to Fast Ethernet IP 
Router Example Design that supplies sample microcode for development of similar applications.

2.2 Software Components

The microengine subsystem is functionally on the bottom of the software stack, as shown in gray in 
Figure 3. This subsystem feeds packets or cells that can not be found in the tables or that are 
exceptions that are destined for the TCP/IP or ATM stacks. Software components above the 
microengine subsystem for the access switch example design are listed in “Linux Software 
Subsystem on the Intel® StrongARM* Core” on page 11.
8 Application Note
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2.2.1 Microcode Software Subsystem

The Intel IXP1200 Network Processor uses threads as a means of supporting multiple tasks within 
a single process address space. Threads provide an easier and more efficient way to handle 
multiple, related tasks. The following threads of execution make up the microcode software 
subsystem for the six microengines listed in Table 1.

Figure 3. Software Diagram of the WAN/LAN Access Switch Example Design 
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2.2.1.1 Ethernet Receiver/IP Forwarding Threads

There are four Ethernet receiver/forwarding threads within the microcode software subsystem, one 
dedicated to each 10/100 interface. The Ethernet receiver receives incoming Ethernet packets from 
the IXF440 MAC via the IX Bus, performs header processing, table lookup, and makes a 
forwarding decision based on the table lookup. Possible destinations for these incoming packets are 
the Intel StrongARM* core Ethernet receive queue, ATM transmitter queue, or one of the four 
Ethernet transmitter queues.

2.2.1.2 Ethernet Transmit Threads

There are four Ethernet transmit threads within the microcode subsystem, one dedicated for each 
10/100 interface. Each Ethernet transmit thread sends packets from its dedicated interface transmit 
queue out the Ethernet interface over the IX Bus.

2.2.1.3 ATM Receiver/Forwarding Thread

The ATM receiver receives incoming data from the IXF6012 chip via the IX Bus and performs 
AAL5 reassembly and CRC checking. During frame reassembly the first 32 bytes of the frame are 
processed. If the frame is not LLC encapsulated, the frame is sent to the Intel StrongARM* core 
ATM AAL5 interface receive queue. If the frame is LLC/SNAP encapsulated, the receiver 
performs header processing and table lookup, and makes a forwarding decision based on the table 
lookup. Possible destinations for the incoming frames are the Intel StrongARM* core ATM AAL5 
receive queue or one of the four Ethernet transmitter queues.

2.2.1.4 ATM Transmit Thread

The ATM transmit performs AAL5 frame segmentation and sends ATM cells out the OC-3 
interface over the IX Bus. When transmitting an IP packet, the ATM transmit encapsulates and 
segments the packet into cells.

Table 1. Microengine Functions

Microengine Control Store Functions

Microengine 1 Four Ethernet Receive and Forward

Microengine 2 Four Ethernet Transmit

Microengine 3 Empty control store space

Microengine 4

One ATM OC3 Receive and Forward

Two AAL5 CRC Receive

One Intel® StrongARM* Core Ethernet Service

Microengine 5

One ATM OC3 Transmit

Two AAL 5 CRC Transmit

One Intel® StrongARM* core AAL5 Service

Microengine 6 Empty control store space
10 Application Note
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2.2.1.5 Intel® StrongARM* Core AAL5 Service Thread

The Intel StrongARM* core AAL5 service thread monitors the AAL5 Intel StrongARM* core 
interface. The Intel StrongARM* core provides the virtual circuit, if not already established, and 
AAL5 frame buffer descriptor element. When a frame is found in the buffer descriptors, the thread 
enqueues the packet on the ATM transmitter queue for transmission.

2.2.1.6 Intel® StrongARM* Core Ethernet Service Thread

The Intel StrongARM* core Ethernet service monitors the Ethernet Intel StrongARM* core 
interface. The Intel StrongARM* core interface provides the interface number and packet in the 
buffer descriptor queue. The thread uses this information to enqueue the packet on one of the four 
Ethernet transmit queues.

2.2.1.7 AAL5 CRC Transmit/Receive Threads

The CRC transmit/receive uses a pointer to a block of information for the byte count and running 
result memory area. It then calculates the AAL5 CRC as the packet is received. Four CRC threads 
run in the microcode software subsystem. Two are dedicated to ATM transmit and the other two are 
dedicated to the ATM receiver/forwarding threads.

2.2.2 Linux Software Subsystem on the Intel® StrongARM* Core

The following software components make up the Linux software subsystem for the access switch 
example design. Not all of the software components were obtained from the open source 
community. Therefore, to recreate this example design, you would need to create the components 
not obtained from the open source community or buy the components from Microware Systems 
Corporation. Components that were obtained from the open source community will also need some 
additional development work to complete this example design. The ATM subsystem is a product of 
Trillium Digital Systems, Inc.

2.2.2.1 AAL5 Driver

The AAL5 driver provides the interface between the ATM AAL5 interface of the microcode 
software subsystem and the ATM subsystem interface. The driver conforms to the standard Linux 
driver framework and is available as a sample driver on the Intel Internet Exchange Architecture 
Software Developers Kit v2.0. This sample driver is an interface into the Trillium ATM software 
modules and other interfaces will require some development work to complete this connection. The 
driver receives complete AAL5 frames from the microcode software subsystem. The beginning of 
the AAL5 frame varies depending on the type of frame being received. Incoming AAL5 frames are 
either LLC/SNAP encapsulated or signaling packets. 

The AAL5 driver delivers frames up to the signaling or control interface of the Trillium signaling 
and PLOA modules. The AAL5 driver looks deep enough into the packet to determine the 
appropriate destination. On transmission, the AAL5 driver enqueues the frame that is to be 
transmitted on the buffer descriptor. Once the frame is transmitted, the microcode software 
subsystem places the data container on the Done TXBD queue. The end of transmission indicator 
in the Interrupt Service Routine (ISR) informs the driver to move a data container for the Done 
TXBDQ (Transmit Buffer Descriptor Queue) to the Ready TXBDQ.
Application Note 11
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2.2.2.2 10/100 Driver

The 10/100 driver provides the interface between the Ethernet interface of the microcode software 
subsystem and the TCP/IP subsystem. The driver conforms to the standard Linux driver 
framework. This Ethernet driver was created by Microware Systems Corporation and is not 
included in the code obtained from the open source community. 

On packet reception, the 10/100 driver receives a complete Ethernet packet that it passes up to the 
Linux TCP/IP subsystem. The 10/100 driver and transmit interrupt service routine performs the 
packet transmission to the microcode software subsystem. Once the packet has been transmitted, 
the microcode software subsystem enqueues the resulting packet on the Done TXBDQ for 
Ethernet. When the ISR detects the end of transmit packet, it interrupts from the microcode 
software subsystem. The ISR takes the buffer from the Done TXBDQ and enqueues it on the 
Ready TXBDQ.

2.2.2.3 Operating System and I/O

The Linux operating system and standard I/O system for Linux provides an open/close/read/write 
I/O interface. The Linux kernel provides all memory management, cache, management, and MMU 
control for the system. This is the Big-Endian kernel release that is available for the open source 
community. Additional development work was required to use this component in this example 
design.   The Intel Big-endian Kernel Release is listed in “Intel® Big-Endian Kernel Release” on 
page 19.

2.2.2.4 ATM Subsystem

The ATM subsystem includes a Linux version of the Trillium System Services Interface (SSI)
other software modules. The ATM signaling and PLOA modules exist within the system as 
individual processes with communication between each module. These ATM software modu
must be purchased from Trillium; see “Trillium Digital Systems, Inc. Protocol Software” on 
page 18 for more details. The AAL5 driver provides the ATM cells to the ATM subsystem.

Note: The WAN/LAN Access Switch Example Design is configured to work with permanent virtual 
circuits (PVC) only. Switched virtual circuits (SVC) have not been enabled.

2.2.2.5 ATM Signaling

The Trillium ATM signaling code is compiled as a task module. The ATM signaling task open
path to the AAL5 driver and communicates using the SSI mechanisms to the PLOA module.
ATM signaling task processes signaling packets and manages switched virtual circuits (SVC
when enabled. In the case in which far-end devices initiate the VCs, the ATM signaling task 
report these connections through the PLOA task to the AAL5 Driver, where the Intel StrongA
core VC table information is managed. The PLOA task can also request VC setup from the A
Driver. In this case, the ATM signaling task follows VC setup procedures as specified by the 
Trillium code. 

2.2.2.6 PLOA

The PLOA task receives ATM ARP frames or incoming AAL5 frames with an unknown 
destination or an exception from the AAL5 driver. Communication between the PLOA module
the ATM signaling tasks are in the form of control information. The PLOA task directs VC 
setup/teardown through the AAL5 driver. The PLOA Classical IP interface will communicate 
the TCP/IP stack through the IP Demux driver.
12 Application Note
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The PLOA task communicates with the VC Table Manager process to coordinate the VC Table 
structure that the AAL5 microcode uses to process ATM cells. The PLOA task communicates with 
the forwarding table manager, within the routing subsystem block in Figure 3, to coordinate ATM 
entries in the IP forwarding table. Adding table entries and completing incomplete table entries as a 
result of the ATM ARP are functions performed between the AAL5 Driver through the PLOA task 
and the route table manager.

2.2.2.7 VC Table Manager

The VC Table Manager manages the VC table used by the ATM microcode to process ATM cells. 
The VC Table Manager has an initial VC table structure defined that it sets up during process 
startup. The VC Table Manager communicates with the PLOA task for coordination of circuits 
being established or torn down as a result of ATM signaling VC setup or teardown.

2.2.2.8 IP Forwarding Table

The IP Forwarding Table manages the IP table used by the Ethernet microcode to process packets. 
The IP Forwarding Table has an initial IP table structure defined that is set up during process 
startup. The IP table communicates with the routing subsystem for coordination of sockets being 
established or torn down as a result of an IP port setup or teardown.

2.2.2.9 Route Table

The Route Table is updated through the IP module within the TCP/IP Subsystem. The routing 
protocols of the routing subsystem manage the table updates.

2.2.2.10 TCP/IP Subsystem

The TCP/IP subsystem consists of TCP, UDP, IP, ARP cache management, and the net-link socket 
interface. The IP module manages the routing table through the net-link socket interface. The 
TCP/IP subsystem interfaces into the IP Demux driver for sending IP packets to the ATM stack. 
This subsystem was obtained from the open source community but required additional 
development work to interface into the Routing Subsystem and IP Demux.

2.2.2.11 Routing Subsystem

The routing subsystem consists of three processes – Open Shortest Path First (OSPF), Rou
Internet Protocols (RIP) versions 1 & 2, and the Forwarding Table Manager (FTM). The OSP
RIP protocols are standard socket-based routing protocols. They interface to the system throu
net-link socket interface of the TCP/IP subsystem. These protocols were obtained from the o
source community, but required additional development work to use in this example design.

The Forwarding Table Manager polls the routing socket to get routing table updates from the
standard routing protocols. When the FTM receives updated route information, that informat
processed by the FTM, which updates the IP forwarding table as needed. The microcode so
subsystem uses the resulting Forwarding Table generated by the FTM to process Ethernet p
and AAL5 frames.
Application Note 13
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2.2.2.12 IP Demux

The IP Demux accepts incoming frames/packets from the ATM or TCP/IP subsystems and routes 
them to the appropriate endpoints. The driver inspects deep enough into the header to determine 
whether it is a TCP/IP or ATM destination. This driver was developed for this example design and 
is not available from the open source community. 

2.3 Booting the Access Switch

The boot process loads the Linux image from flash into SDRAM and begins execution. The OSPF, 
RIP, Forwarding Table Manager, and Virtual Circuit (VC) Table Manager processes are started. 
The IP stack initialization utility is executed. OSPF opens a raw socket and a net-link socket. RIP 
opens a net-link socket and a UDP socket.

The Route Table Manager interrogates the initialization flash memory area and builds the initial IP 
forwarding table. The Forwarding Table Manager then performs interprocess communication 
initialization with the PLOA and signaling process.

The VC Table Manager interrogates the initialization flash memory area and builds the initial ATM 
VC table. The VC Table manager performs interprocess communication initialization with the 
PLOA process. Once the VC and IP forwarding tables are built, a utility runs that interrogates the 
initialization flash memory area and loads the microengines with the microcode. Once loaded, the 
microengines are ready to transmit and receive.

The IP demux process starts and then communication paths with the ATM signaling and PLOA 
modules are established. The IP demux opens the AAL5 driver path. The initialized system is 
ready to accept Ethernet packets on any of the four interfaces and one ATM AAL5 frame on the 
ATM interface.

2.4 Access Switch Operation

AAL (type) 5 packets are used for supporting quality connection-oriented variable-bit-rate 
non-real-time (VBR-NRT) data traffic and signaling messages. AAL5 services support 
interworking with most data networking protocols. Each of the six microengines process 
independently of each other, multi-tasking processes to minimize memory access delays.
14 Application Note
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When an ATM cell is received, the IXF6012 chip transports the cell via the IX Bus into a receive 
FIFO in the IXP1200 microengine. The ATM receive/forwarding thread in microengine 4 (see 
Figure 4) reads the data out of the receive FIFO and begins operation on the header and initiates a 
CRC check with every receive FIFO payload. The ATM receiver’s primary responsibility is to
perform reassembly on the AAL5 frame and interrogate the header in the frame to determine
destination. If the frame is an ATM control frame, it is destined for the Intel StrongARM* core
receive ready queue, which is contained in Microengine 4. If the frame is LLC/SNAP 
encapsulated, receive performs a table lookup in the IP Forwarding Table to determine the 
destination. If the destination IP address is not found in the table, or the table entry is incom
the frame is queued on the receive ready queue for reception by the Intel StrongARM* core 
subsystem. In this case, the ATM stack processes the frame and the PLOA/ATM signaling so
resolves the destination. Once the IP address destination is resolved, the frame is sent to th
stack via the interface (IP Demux) driver for transmission. The ATM subsystem then updates
VC and IP Forwarding Tables so all subsequent frames can be completely handled by the 
microcode subsystem. In the case where the table entry is found and complete, the microco
automatically forwards the encapsulated IP packet to the appropriate Ethernet transmit on 
Microengine 2. Microengine 2 has four Ethernet transmit threads within the microcode, one 
dedicated for each 10/100 interface. The Ethernet transmit thread dequeues the packet from
dedicated interface transmit queue and sends it out the IXF440 Ethernet MAC controller ove
IX Bus from the Transmit FIFO. 

Incoming Ethernet packets are received by one of the dedicated Ethernet receiver threads o
Microengine 1. While the packet is being received, a table lookup is performed on the packe
header using the LC-Trie lookup algorithm. This algorithm minimizes the number of memory
accesses per lookup, which is important for microengine performance. If the table entry is no
complete, the packet is sent to the Intel StrongARM* core for processing. If the table entry e
and is complete, the receiver thread forwards the packets to the correct transmit queue, eith
Ethernet or ATM. If the destination is ATM, the receiver performs LLC/SNAP encapsulation o
the packet before queuing it on the ATM transmit thread.

3.0 Products Available for Access Switch Designs

For a demonstration of the WAN/LAN Access Switch Example Design or more information on
products contained in the example, contact your Intel Field Sales Representative. The WAN/
Access Switch Example Design is a demonstration of products available to customers today
not in itself a product available to customers. This demonstration has cell volume limitations
contact Trillium Digital Systems, Inc. for ATM subsystem performance capabilities.

3.1 Intel® IXDP1200 Advanced Development Platform

The IXP1200 network processor family includes five processors specifically designed for network 
control tasks, including Layer 3 processing of packets/cells in real time. Intel IXP1200 network 
processors provide a wide range of flexible price/performance options that enable designers to 
match the network processor to the unique requirements of their specific application while 
supporting differentiated features, including quality of service, protocol conversion, and advanced 
security. The highly programmable IXDP1200 Advanced Development Platform enables designers 
to define flexible feature sets in software throughout the development cycle, and its easy field 
re-programmability supports advanced development. 
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The WAN/LAN Access Switch Example Design uses the following components of the Intel 
IXDP1200 Advanced Development Platform:

• Intel® IXM1200 Network Processor Base Card

• Intel® IXD4521 WAN I/O Option Card

Note: The Pentium III processor on the IXDP1200 Advanced Development Platform is not used as a 
control plane in the example design.

For more information, see the Intel® IXP1200 Network Processor Family Product Brief and the 
Intel® IXDP1200 Advanced Development Platform Product Brief at:
http://www.intel.com/design/network/products/npfamily/

3.1.1 Intel® IXF6012 Multi-Speed OC1-12 SONET/SDH Cell/Packet Framers

The IXF6012 Cell/Packet Framer is the framer chip on the Intel® IXD4521 WAN I/O Option Card. 
The IXF6012 and IXF6048 are pin-to-pin compatible, enabling OEMs to build scalable equipment 
that can be easily upgraded as the network grows. For OC-48 support, replace the Intel® IXD4521 
WAN I/O Option Card with an option card containing an IXF6048 Cell/Packet Framer.

The IXF6048 Multi-Speed OC-1 to OC-48 and IXF6012 Multi-Speed OC-1 to OC-12 
SONET/SDH Cell/Packer Framers Product Brief is available at: http://www.intel.com/ixa

3.1.2 Intel® IXF440 Dual-Speed Multiport Ethernet MAC

The IXF440 Dual-Speed Multiport Ethernet MAC is the Ethernet MAC on the Intel® IXM1200 
Network Processor Base Card. The IXF440 dual-speed multiport Ethernet Media Access 
Controller (MAC) provides a combination of high-performance packet transfer features, 
comprehensive packet handling capabilities, and network management support. The IXF440 MAC 
simplifies design, helps reduce system costs, and supports higher throughput. With eight 
independent Ethernet 10/100 Mbps MAC ports, the IXF440 can interface directly in MII-standard 
PHYs, SYM 100Base-TX physical devices, and fiber PHY connections. It is fully compliant with 
IEEE 802.3 standards, including Fast Ethernet and flow-control support, and handles SNMP and 
RMON management counter sets, which are accessible through a generic CPU interface.

The IXF440 Dual-Speed Multiport Ethernet MAC Product Brief is available at: 
http://www.intel.com/ixa

3.2 Microware Systems Corporation’s IXP1200 Microcode 
Solutions Library

Microware IXP1200 Microcode Solutions Library (MSL) is the proprietary AAL5 microcode 
utilized in this access switch example design. Microware offers the MSL product for many 
networking designs. MSL contains ATM AALs 1, 2 and 5. In addition, MSL offers routing and 
forwarding microcode solutions for T1/E1, and fast/gigabit Ethernet designs. The microcode was 
developed using the Intel Developer’s Workbench v1.2 and is specifically optimized for high 
performance IXP1200 applications.

Microware’s IXP1200 Microcode Solutions Library (MSL) version 3.0 provides a unique blen
functional capability so developers can focus on product differentiation. Microware’s MSL 
provides an open, standard interface for fast and easy integration of any operating system ru
on the Intel StrongARM* core. Microcode executables can be used as shipped or can be 
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customized for unique product requirements. Standard specifications capabilities such as AAL 
variations, IP over ATM, ATM SAR, TDM, switch fabric interfaces, VPN/Firewall, and traffic 
management and prioritization, can all be quickly leveraged on IXP1200-based products. The MSL 
is provided in complete source form for easy enhancement or modification of the microcode.

Microware Systems Corporation also offers experienced consulting services for accelerated 
development of microcode or Intel StrongARM* core software for the IXP1200. Microware can 
offer maintenance contracts to support the Linux ATM and Ethernet driver components described 
in this application note. You can also purchase a product similar to this example design using the 
OS-9* real-time operating system (RTOS), or development work for a custom design from 
Microware.

Microware provides a full-featured set of software tools, OS-9 RTOS, and middleware for the Intel 
StrongARM* core of the Intel IXP1200. More information about the Microware IXP1200 
Microcode Solutions Library (MSL) and other services Microware provides is available at: 
http://www.Microware.com

3.3 Trillium Digital Systems, Inc. Protocol Software

The WAN/LAN Access Switch Example Design utilizes the Trillium Digital Systems Linux SSI 
Q.93B, QSAAL and PLOA software modules.

Trillium Digital Systems products enable network equipment vendors to build a complete suite of 
communication devices (from a core network element to a customer premise device) to efficiently 
transport multimedia traffic over an Asynchronous Transfer Mode (ATM) transport. Trillium 
provides a complementary offering of professional services. This service together with a broad 
portfolio of broadband solutions enables Trillium Digital Systems to address customer’s 
time-to-market constraints.

Trillium Digital Systems, Inc. provides these services: 

• Q.93B – ATM layer 3 signaling software, implementing ATM Forum UNI 3.0/3.1/4.0, IISP
PNNI v1.0 and ITU-T Q.2931/Q.2971 signaling procedures.

• QSAAL – ATM layer 2 signaling ATM Adaptation Layer software, implementing ITU-T 
Q.SAAL/Q.SAAL2 and ITU-T Q.2110/Q.2130 procedures.

• PNNI – ATM routing software, implementing Private Network Node Interface v1.0 
procedures.

• IME – ATM Interface Management Entity software, implementing ATM Forum ILMI 4.0 
PVC auto-configuration addendum procedures.

• PLOA – Protocol Layers Over ATM software, implementing IETF RFC 1577 and RFC 22
Classical IP over ATM Server and Client, IETF RFC1483, ATM Forum Multiprotocol Ove
ATM (MPOA) Client and Server, ATM Forum LAN Emulation Client 2.0, ATM Forum LAN
Emulation 2.0, and IETF RFC 2365 PPP-over-AAL5 procedures.

• PSF–Q.93B and PSF-IME – ATM Protocol–Specific Functions for 
Fault-Tolerant/High-Availability support in ATM.

For more information on Trillium Digital Systems, Inc. products, visit: http://www.trillium.com
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3.4 Intel® Big-Endian Kernel Release

Intel released the first Linux port to the IXP1200 and the first Big-Endian Linux port to the Intel 
StrongARM* core to the open source community. The port includes a kernel driver for the 
IXP1200 specific peripherals, as well as a RAM disk image for embedded systems development. 

The Intel® Big-Endian Kernel Release information can be obtained at: 
http://www.netwinder.org/~urnaik/ixp1200_howto.html

3.5 Intel® Internet Exchange Architecture Software Developers
Kit v2.0 for the IXP1200 Network Processor

The Intel® IXA Software Developers Kit (SDK) v2.0 provides the robust tools developers need to 
harness the power of the IXP1200 family and introduces a high-level programming framework that 
simplifies application development, while improving time-to-market. The SDK supports a 
distribution of the open source Linux operating system to provide developers with even more 
control. The royalty-free distribution helps reduce costs, while enabling developers to benefit from 
the extensive Linux ecosystem.

Intel® IXA Software Developers Kit (SDK) v2.0 for the IXP1200 Network Processor Product 
Brief is available at: http://www.intel.com/design/network/products/software/index.htm

3.6 Intel® ATM/OC-3 to Fast Ethernet IP Router Example Design

This example design is not included in the WAN/LAN Access Switch Example Design, but is 
another design available to IXP1200 customers.

The example software code of the ATM/OC-3 to Fast Ethernet IP Router Example Design is part of 
a total development environment and is designed to run on the Intel® IXDP1200 Advanced 
Development Platform or on other hardware. The ATM/OC-3 to Fast Ethernet IP Router Example 
Design consists of royalty-free code for microengines that demonstrates how the IXP1200 
Network Processor can be used to bidirectionally route IP packets between ATM and Ethernet 
networks. This example design is intended as a convenient starting point for customers designing 
similar applications, while providing a demonstration of the functionality and performance 
capabilities of the IXP1200 Network Processor. Developers can modify the code, add additional 
proprietary value-added modules, and use the example design to estimate performance.

The Intel® ATM/OC-3 to Fast Ethernet IP Router Example Design Product Brief is available at: 
http://www.intel.com/ixa
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4.0 Definition of Terms

ATM Adaptation Layer (AAL) is a collection of standard ATM protocols that adapt user traffic to 
the cell format. AAL is subdivided into the convergence sub-layer (CS), and the SAR sub-layer.

AAL5 refers to the data layer.

Big-Endian is a format for storage or transmission of binary data in which the most significant bit 
(or byte) comes first.

Cell is a 53-byte basic information unit within an ATM network. The user traffic is segmented into 
cells at the source and reassembled at the destination. An ATM cell consists of a 5-byte ATM 
header and a 48-byte ATM payload, which contains the user data.

Cyclic Redundancy Check (CRC) is a data transmission error-detection scheme. A polynomial 
algorithm is performed on the data, and the resultant checksum is appended at the end of the frame. 
The receiving equipment performs a similar algorithm.

Frame is used to denote an ATM Adaptation Layer (AAL) protocol data unit.

Local Area Network (LAN) is a data transmission facility connecting a number of communicating 
devices (computers, terminals and printers) within a single room, building, campus or other limited 
geographical area.

Net-link is a data link layer protocol within the TCP/IP family.

Packet is an ordered group of data and control signals transmitted through a network as a subset of 
a larger message.

PLOA is a Trillium Digital Systems, Inc. software module. The acronym means Protocol Layers 
Over ATM.

Segmentation and Reassembly (SAR) segments the information frames into cells at the source 
and reassembles these cells back into information frames at the destination. These activities occur 
at the lower part of the ATM AAL.

Socket is a unique identifier of a connection within the internet through the TCP port number and 
an IP address.

Variable Bit Rate Non Real Time (VBR-NRT) is one of the VBR service types for transmitting 
traffic where timing information is not critical. Since this service type is delay-tolerant, it is well 
suited for bursty traffic such as data communications. 

Virtual Channel (VC) is a connection established between end users, in which packets are 
forwarded along the same path and bandwidth is not permanently allocated until it is used.

Virtual Channel Identifier (VCI) is a 16-bit value in the ATM cell header that provides a unique 
identifier for the VC within a VP that carries that particular cell.

Virtual Path (VP) describes a set of VCs between cross points, grouped together.

Virtual Path Identifier (VPI) is an 8-bit value in the cell header that identifies the VP and 
accordingly the VC to which the cell belongs.

Wide Area Network (WAN) is a network that typically spans nationwide distances and usually 
utilizes public telephone networks.
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