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Chapter 1

1.0 Introduction

1.1 Project History & Purpose

Biancl-tini and Kim, through a series of papers [1,2,3,4], developed a shared-memory
switch architecture capable of supporting BISDN traffic in an ATM network. The switch
effectively handles bursty, high bandwidth, and multicast traffic that are inherent to
BISDN. The architecture features low hardware complexity and cost as compared to other
switch architectures while reducing the delay and cell loss of more complex architectures.

In the fall of 1991, three versions of an 8x8 implementation (Prototype 1) of the switch
architecture were built by a number of students in a senior computer engineering design
course at Carnegie Mellon University. At the conclusion of these projects, a full-scale
wire-wrapped prototype with 16 inputs/outputs was initiated [12,13]. Prototype 2 was
completed in the spring of 1993. After evaluation, a number of inefficiencies were found
in Prototype 2. This document presents the new architecture and implementation of Proto-
type 3, a printed circuit board version of the TERA switch with 16 inputs and outputs.

1.2 What is "ATM"?

ATM stands for "Asynchronous Transfer Mode" which is the ATM Forum’s (and previ-
ously the CCITI"s) recommendation for a standard transfer protocol for BISDN traffic.
The basic unit of transfer is the ATM cell that is a fixed length packet with a 5 byte header
and a 48 byte payload.

There are two fields in the ATM cell header that are of interest to this network: the VCI
(Virtual Channel Identifier) and the VPI (Virtual Path Identifier). These fields contain rout-
ing information required by an ATM switch. The two fields combine to hold 24 bits of
routing information. In the CMU network, the switch uses the VCI as a "group number"
that contains information to determine the output port of the cell. The most significant bit
of the VCI is the multicast/unicast bit that determines if the cell has multiple destinations
or a single destination. If the cell is a unicast cell, the 4 least significant bits of the VCI
specify a switch output port. If it is a multicast cell, the remaining seven bits of the VCI
specify a previously defined group of output ports.

A multicast cell is a ceil that has multiple output destinations. For example, a broadcast
cell requires a copy of the cell to be sent to every output port of the switch. There are two
numbers associated with a multicast cell: the copy number and the instance number. The
copy number defines how many copies of an inputted multicast cell are made. The
instance number differentiates the copies of the same multicast cell. The instance number
for a specific copy of a multicast cell is in the range from 1 to the copy number.
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ATM Standard

5 byte header

byte 1 byte 2

4 bits
12 bits
12 bits
3 bits
1 bit
8 bits

!
byte 3

GFC
VPI
VCI
PT
CLP
HEC

byte 4

Generic Flow Control
Virtual Path Indicator
Virtual Channel Indicator
Payload Type
Cell Loss Priority
Header Error Control

CLP

I
byte 5

TERA Default 4 bits
12 bits

12 bits

3 bits

1 bit
8 bits

GFC
VPI

VCI

PT

CLP
HEC

0000 (no flow control)
8 bits: 0, 7 bit destination port #

1, 7 bit multicast group
4 bits: selection at destination
8 bits: source port #
4 bits: selection at source
00X: X=0: start/middle cell

X=I: last cell
0 (do not drop cell)
CRC-8

C dest
O00C

1 grot

~ort # Sub

~ # Dest

Sub
!OOX(

Src

Source

Port #

I
byte 3byte 1 byte 2 byte 4

48 byte
HEC

payload

I
byte 5

FIGURE 1. ATM Cell Format

A Banyan network is a multi-stage interconnection network[5]. It is made of N log2N/2
2x2 switching elements that can be configured in either a straight or crossed position. In
the straight position, data coming from the top input is passed to the top output. In the
crossed position, data coming from the top input is passed to the bottom output. Banyan
networks can be either in the forward or reverse configuration. Forward Banyan networks
are routed using the most significant bit of the output port address first. Reverse Banyan
networks use the least significant bit first.
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1.3 Paper Outline

The rest of the paper is divided into the following sections. Chapter 2 gives a high-level
architectural description of the TERA switch architecture. Chapter 3 identifies how each
stage of the switch is decomposed into chips that perform specific functions and how those
chips interact with each other. This chapter also presents a detailed description of each
chip’s architecture. Chapter 4 discusses changes required to the prototype to make it appli-
cable for "real world" deployment. Chapter 5 discusses related work performed by other
students.

There are also six appendices to the paper. The first is an acknowledgment page. The sec-
ond is the signal-level documentation for all of the Xilinx chips on the board. This section
starts with the four controller chips (fetch & add, multicast, feedback, and switch control-
ler) and finishes with the data path chips. The third appendix contains the timing charts for
inter-Xilinx and Xilinx-to-FIFO signals. The fourth appendix is a block diagram of the
board. The fifth appendix is a schematic of the board layout. Finally, the sixth appendix
contains a list of parts required for assembly of the printed circuit board.
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Chapter 2

2.0 The TERA Switch Architecture

An overview of the switch architecture with N=8 inputs and 8 outputs is given in Figure 2.
The architecture consists of three Banyan networks, an interleaved shared input queue
containing all input cells, and an output network. A detailed description of the TERA
switch is given in [1]. The Banyan networks transfer cells between the input ports, the
shared memory, the output network and the temporary feedback registers. The output net-
work transfers ceils from the feedback and multicast networks to the output queues. A typ-
ical input cell arrives at an input port, is temporarily stored in the shared input queue, and
is then routed through the multicast Banyan and output network.

Feedback__..QQueue

Queue

FIGURE 2. TERA Switch Architecture

The first three switching networks of the architecture are Banyan networks with
O(Nlog2N) 2x2 switching elements. The output network could be any switching network
such as a crossbar or a Batcher-Banyan network. A crossbar network is feasible for small
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numbers of inputs of approximately N=32 or less. For larger switches either a Batcher-
Banyan network or a blocking network with lower complexity can be utilized. Non-block-
ing output networks result in higher switch throughput than blocking output networks,
although either can be utilized in the architecture.

The shared input queue consists of N interleaved banks of FIFO memory. Each memory
bank is connected to a single input and output port of two of the Banyan networks. A
queue is implemented in the interleaved memory with a top and a bottom pointer. The top
and bottom pointers contain the addresses of the top and bottom elements in the queue.
Intermediate queue elements are located at consecutive addresses between the top and bot-
tom pointers. Since memories are interleaved with N banks, any N sequential queue ele-
ments are located in unique and consecutive memory banks. This feature is exploited in
the switch operation to input cells to and output cells from the queue simultaneously with-
out blocking. An interleaved memory with eight banks is illustrated in Figure 3.

Top

~ottom

Interleaved Memory

Shaded elements in the memory banks correspond to valid data cells in the queue. In this
example, the top cell in the queue is located at address 1 and the bottom cell in the queue
is located at address 12. Note that up to eight consecutive cells can be input to (output
from) the queue simultaneously on eight unique input (output) banks of the memory.

Typical operation of the switch architecture is illustrated in Figure 4. In the example, three
cells are received at the switch inputs and routed to the bottom of the shared input queue.
Four cells are removed from the top of the shared input queue and copied, as required.
Eight cells are presented to the output network to be considered for output queueing and
transmission. Of the eight cells to be considered for output, seven cells are transmitted out
of the switch and one is fed back due to a conflict in the output switching network. In gen-
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