Switch 1100 and 3300: Architecture

This document describes the internal architecture of the SuperStack® II Switch 1100, Switch 3300, and Switch 3300 FX. Starting from a summary of the basic design philosophy that lies behind these switches, it then presents an overall picture of the switches’ architecture, followed by descriptions of its main elements. An attempt is made to describe these building blocks in terms of the switches’ high-level functions.

Note that the Switch 3300 FX has exactly the same functionality, and almost the same hardware structure, as the Switch 3300. Therefore, except where specific differences in architectural detail are being discussed, any references made in this document to the Switch 3300 will apply equally to the Switch 3300 FX.

Basic Design Philosophy

In the Switch 1100 and 3300, 3Com has designed a technology that distributes the switches’ functions across both hardware and software. This gives network connections the best of both worlds: the raw power of sophisticated Application Specific Integrated Circuits (ASICs), and the upgradeability of 3Com SmartAgent® software, which executes on a general-purpose processor in the switch. The more speed-critical functions of the switches, mainly the Physical- and MAC-layer operations, have been integrated into the ASIC hardware, while the less intensive functions, such as those involving management and overall chip-set control, have been implemented in the software. Such a dual approach allows the switches to have advanced features at the lowest possible cost.

Overall Architecture

The Switch 1100 and 3300 have been designed using a single common circuit architecture, featuring various members of the same chip-set. The circuitry in one product differs from that in the other only in relation to those specific chips that determine, or are dependent on, port speed. The 12-port and 24-port variants of either product differ from each other only in relation to the number of times the relevant port circuitry is duplicated.

As far as the ROM-based software is concerned, exactly the same management agent is used in all the Switch 1100 and 3300 models.

The overall switch architecture can be broken down into several distinct sections:

· The processor sub-system

· The switching controller and associated circuitry

· The main switching data bus (or “backplane”)

· The MAC-level and Physical-level Ethernet port circuitry, including the buffers

· The Matrix Port circuitry

Precisely how the architecture has been implemented in each of the three switch products is shown in the following block diagrams.
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Switch 3300 FX Architecture

Processor Sub-system

The processor sub-system consists chiefly of the following components:

· A Motorola 68EC020 processor, clocked at 16 MHz

· Program memory, in the form of flash ROM

· Some of the management memory (DRAM), controlled by the BRASICA-2 chip

The processor chip is responsible for running the management code resident in program memory. It shares the management DRAM with certain processes operated by the switching controller.

The program ROM is used for storing the upgradeable management-agent code, the device-boot code, and the unit’s configuration parameters. Being non-volatile, the ROM will hold the configuration data indefinitely. At the same time, being erasable and programmable, the ROM will allow the management agent to modify the configuration data as and when required. The management code will remain in place until it is overwritten by a requested upgrade.

The management DRAM is used by the processor as buffer memory for SNMP frames being passed between the data bus and the processor bus, and also as general “scratchpad” memory.

Switching Controller

The BRASICA-2 switching controller is the successor to the highly acclaimed BRASICA chip that was used in the SuperStack II Switch 1000 and other earlier switches. It is responsible for the following functions:

· Scanning the ports of the switch for incoming packets, and trying to match their source and destination addresses with any of those stored in the switch’s address table

· Making all the packet-forwarding decisions, and actually transferring frames between the ports

· Providing an “RMON engine” to track conversations between end-stations on the network

· Providing hardware support for any future management-agent software that will deal with the RMON Filter and Capture groups

· Arbitrating between the processes that use the management memory, and performing the actual accesses, with direct memory access (DMA) being used for data transfers to or from the processor

· Providing an interface between the data bus and the processor bus

· Providing a serial interface for out-of-band management

· Providing the processor with basic timer and “watchdog” services

· Driving the unit-position LEDs, and the Power/Self Test LED, on the front panel of the switch

Switching Data Bus

This bus is the main data highway that internally “connects” together the relevant ports of the switch, as needed, so that network data can be transferred between them. It is also able to link with the processor bus, via the switching controller, to allow management data to pass between the network and the processor. Both the data bus and the processor bus extend into the expansion module, giving the expansion-port circuitry exactly the same direct access to the rest of the system as the built-in port circuitry.

The data bus is a high-speed 32/64-bit bus, with a separate 10-bit address bus used for chip selection. The full 64 bits of the data bus are used for DMA transfers between two MMAC4 ASICs, while 32 bits are used for any other transfers. In either case, the basic data-transfer mechanism on the bus is of the “burst” type.

Ethernet Port Circuitry

The ASIC-centered circuitry of the built-in Ethernet and Fast Ethernet ports is responsible for processing incoming and outgoing packets at the MAC level, and also at the Physical level.

In each of the three diagrams portraying the switch architecture (see above), the port circuitry is shown enclosed within a dotted box. This box indicates that the circuitry concerned is duplicated as many times as necessary to obtain the number of ports offered by a given variant of the switch. Each duplicate section connects directly to the data bus via its own MMAC chip, and is independent of the other sections. Note that, with regard to the 24-port Switch 1100, only one of the two MMAC12 ASICs in that product has a Transceiver Module connection.

The MMAC12 ASIC, which is used only in the Switch 1100, provides an IEEE 802.3 MAC interface for twelve 10 Mbps ports, or eleven such ports and one 10 Mbps transceiver port. Similarly, the MMAC4 ASIC, used in all three switches, provides an IEEE 802.3u MAC interface for four 10/100 Mbps ports, or four 100 Mbps fiber ports. Alternatively, it can provide such an interface for two 10/100 Mbps ports, and a proprietary MAC interface for one Matrix Port (or just the interface for a Matrix Port—see below). Various line-interface chips provide the actual 10BASE-T, 100BASE-TX, and 100BASE-FX port functionality.

The MMAC12 chip presents a 32-bit interface to its port buffers, and also to the data bus, while the MMAC4 chip’s interface to such areas is 64 bits wide.

Port Buffers

The MMAC chips provide control for the port buffers. The purpose of these buffers is to hold data packets during their transfer into and out of the switch. Each port is allocated its own portion of buffer memory, taken from the buffer pool associated with that port’s MMAC. The port’s buffer space is divided up into a receive section and a transmit section. The size of the receive section is fixed, while that of the transmit section is elastic—which means that it depends on relative demand (subject to availability) at any given instant. Although the receive-buffer size is fixed, it can be split further to form two separate queues, reflecting the prioritization of incoming packets.

The table below indicates exactly how the port-buffer space is divided up for both variants of the Switch 1100 and Switch 3300, and for the Switch 3300 FX. In relation to the transmit buffer space, the minimum and maximum limits of the allocation are shown. It is assumed that all ports are enabled.

Switch 1100 and 3300 Port Buffer Space


Total
Each 10BASE Port
Each 100BASE Port
Matrix Port


Buffer
Receive Buffer
Transmit Buffer
Receive Buffer
Transmit Buffer
Receive Buffer
Transmit Buffer

Switch 1100
(24-port)
1.5 Mb
8K
8K-124K
32K
12K-256K
64K
12K-356K

Switch 1100
(12-port)
1.0 Mb
8K
8K-124K
32K
12K-256K
64K
12K-356K

Switch 3300
(24-port)
3.5 Mb
n/a
n/a
32K
12K-256K
64K
448K

Switch 3300
(12-port)
2.0 Mb
n/a
n/a
32K
12K-256K
64K
448K

Switch 3300 FX
(8-port)
1.5 Mb
n/a
n/a
32K
12K-256K
64K
12K-356K

All allocations of transmit buffer space are made in 4K increments.

As shown in the table above, Elastic Port Buffering is also implemented on the Matrix Port of the Switch 1100 and Switch 3300 FX, as this port has to share its buffer space with the two 10/100 Mbps ports. On the Matrix Port of the Switch 3300, however, it is not necessary for buffering to be elastic, as the buffer space used by this port is not shared with any other ports.

Matrix Port Circuitry

The circuitry responsible for processing packets coming in from, and going out to, the Matrix Port is implemented in a similar way to the Ethernet port circuitry. In all three switches, an MMAC4 ASIC is used to provide the MAC layer for the Matrix Port, and the associated port buffers are again used to hold the passing data. In this case, however, the MAC layer is a proprietary one, with two of the four data channels (or “logical ports”) available in the MMAC4 being set to operate as a single high-bandwidth, full-duplex channel, instead of as two standard Fast Ethernet channels.

In the Switch 1100 and the Switch 3300 FX, the two other channels available in the MMAC4 remain set at standard 802.3u operation, and are physically presented on the switch as the two 10/100 Mbps ports. In the Switch 3300, however, the MMAC4 chip that supports the Matrix Port does not provide any additional Fast Ethernet channels.
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