
Abstract
We present the architecture and practical VLSI imple-

mentation of a 4-Tb/s single-stage switch. It is based on a
combined input- and crosspoint-queued structure with virtual
output queuing at the ingress, which has the scalability of in-
put-buffered switches and the performance of output-buf-
fered switches. Our system handles the large fabric-internal
transmission latency that results from packaging up to 256
line cards into multiple racks. We provide the justification
for selecting this architecture and compare it with other
current solutions. With an ASIC implementation, we show
that a single-stage multi-terabit buffered crossbar approach is
viable today.

1. Introduction

We present the design of a multi-terabit single-stage
switch fabric that supports from 64 (OC-768) to 256
(OC-192) ports.  Owing to the large number of line cards and
the size of the switch fabric, the system is distributed over
multiple racks, whereby the line cards are packaged tens to
hundreds of feet away from the switching core. At OC-768
speed, the impact of the resulting Round-Trip Time (RTT) on
the performance of the system architecture is considerable.
So far this issue has received insufficient attention in related
work. In contrast, the architecture proposed here is designed
to directly support a wide range of RTT values in the
switching core itself. This constitutes a novel approach in
solving the challenges of multi-Tbps switching fabrics.

Because of performance and Class-of-Service (CoS) re-
quirements, we employ a Combined Input and Crosspoint-
Queued (CICQ) switch architecture,  a subclass of the well-
known Combined Input- and Output-Queued (CIOQ) archi-
tecture. The CICQ considered consists of a buffered crossbar
switch combined with a Virtual Output Queuing (VOQ) ar-
rangement at the ingress.  This scheme has been shown to
exhibit close to ideal performance characteristics, even under
bursty traffic conditions [1].  

CICQ has been proposed earlier [2,3], and  we will show
here that it has become practical because of current advances
in CMOS integration density and the addition of VOQ at the
ingress. The renewed interest in CICQ is demonstrated in

[4]−[9], without however considering large RTT and feasibi-
lity issues. 

Our system is built from four different CMOS ASIC
building blocks, using a total of 40 chips for the switching
fabric and 64 interface chips on the line cards, to achieve
4 Tb/s of aggregate throughput.

 The paper is organized as follows: In Section 2 we dis-
cuss related switch architectures, and in Section 3 we show
our motivations for the proposed architecture and highlight
the attractive features of such an arrangement. Section 4
gives a system-level description of the proposed CICQ archi-
tecture. Section 5 shows the practical implementation and de-
scribes the four-ASIC chipset. Performance simulation
results are given in Section 6, and we present our conclusions
in Section 7.

2. Related Work

Most current single-stage switch architectures employ
VOQ at the ingress, see Fig. 1. The key distinguishing archi-
tectural feature is whether scheduling among the ingress
VOQs is performed in a centralized or distributed fashion.
The centralized approach typically consists of input buffers
organized by destination (VOQ) combined with a bufferless
crossbar switch core. Within this category a further distinc-
tion can be made between approaches without speed-up
(purely input-queued) or with limited speed-up1 (combined

PREPRINT Our File
93609

to be presented at  Hot Interconnects 2002 - 10th Symposium on High Performance Interconnects (HOT-I 10),  
Palo Alto, CA, August 21-23, 2002 (IEEE Computer Society Press)

A Four-Terabit Single-Stage Packet Switch with Large Round-Trip Time
Support 

F. Abel, C. Minkenberg, R. P. Luijten, M. Gusat, and I. Iliadis
IBM Research, Zurich Research Laboratory, CH-8803 Rüschlikon, Switzerland

fab@zurich.ibm.com

Figure 1. Generic system architecture

1 As the core is bufferless, this speed-up applies to the ingress buffer read access, the egress buffer write access, the arbitration process, and the entire
switch core, including links (see Fig. 1).
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