R3-10

SASIMI 2013 Proceedings

Investigating Performance Advantages of Random Topologies on Network-on-Chip

Sarat Yoowattana

Asian Institute of Technology, Thailand
sarat.yoowattana@ gmail.com

Abstract— As technology continues to scale down, the number
of cores significantly increases, e.g. 64 cores. The communica-
tion latencies increasingly give the negative impact on the perfor-
mance of parallel applications on Chip MultiProcessors (CMPs).
A random topology, which provides lowest diameter and aver-
age shortest path length, has been recently considered for low-
latency Network-on-Chip (NoC). In this work we investigate its
advantage in throughput-and-latency properties for various traf-
fic patterns and we compare the random topology with traditional
non-random topologies, such as two-dimensional mesh in various
network sizes. Thorough our cycle-accurate network simulation,
we found that the random topology significantly outperforms 2-D
mesh and 2-D torus in terms of network latency.

I. INTRODUCTION

Recently, Network-on-Chips (NoCs) have been used in chip
multi-processors (CMPs) [1,2,6, 11, 14] in order to connect a
number of processors and cache memories on a single chip,
instead of traditional bus-based on-chip interconnects that suf-
fer from poor scalability. NoCs can be evaluated in various
aspects, such as throughput, communication latency, hardware
amount and power consumption. Reducing the communica-
tion latency among them is the most important aspect in CMPs.
As technology scales down, the number of cores continues to
increase on a chip. It is easily expected that the communica-
tion latency increasingly have a negative impact on the perfor-
mance of parallel applications on CMPs. We thus focus on
the design of low-latency network topology to reduce the com-
munication latency. Although there are a variety of topologies
that have a good layout on a homogeneous chip, their diameter
and average shortest path length (ASPL) are generally large.
For example, n X n two-dimensional mesh has a diameter of
2n — 1. By contrast, random topologies, which are generated
by augmenting a tree topology with random links, surprisingly
provide the minimum diameter and ASPL.

In this work we investigate the advantages of random topolo-
gies in latency-and-throughput performance using a cycle-
accurate network simulation. Our main findings are as follows:

e For synthetic imbalanced and well-distributed traffic pat-
terns in which a node independently communicates with
each other, the random topologies outperform the same-
degree non-random traditional topologies in terms of both
network latency and throughput.
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e For a benchmark traffic pattern that models some paral-
lel CMP applications, non-random traditional topologies
provide good performance properties in small-sized net-
works, i.e. up to 64 cores; while random topologies pro-
vide better performance for larger-sized networks.

The paper is organized as follows. Section II describes re-
lated work. Section III shows the simulation results for each
topology with various traffic patterns. Section IV makes our
conclusions.

II. ReLatep Work
A. Existing On-chip Topologies

There exists a variety of on-chip topologies and their lay-
outs for NoCs. The k-ary 2-meshes and folded k-ary 2-tori
have intuitive layouts that make each link length uniform and
short [5]. The butterfly networks (k-ary n-fly) can be efficiently
mapped onto a 2-D VLSI by utilizing high-radix routers [9]. In
the flattened butterfly [8], routers in each row of a conventional
butterfly are combined into a single router. It has a large diver-
sity of router degrees for each network size. Spidergon topol-
ogy, which is a ring topology with links that connect diagonal
counterparts on the ring, has been discussed for cost-effective
on-chip networks [4]. It can be efficiently mapped onto a chip,
as well as k-ary 2-meshes, in which almost all links have a
minimum length. However, its average hop counts consider-
ably increase as the number of nodes increases, even though
it provides diagonal links to mitigate the increase of diameter
compared to a conventional ring.

When considering low diameter and ASPL especially in a
large network size, such as 256 cores, random topologies, in
which each link is connected to nodes that are randomly se-
lected, are better. Another option to reduce path hops by the
random effect is the small-world topologies [12]. It consists of
non-random topology with a small number of random shortcut
links. In this work, our purpose is to reduce the communica-
tion latency of NoCs. In terms of ASPL and diameter, random
topology is better than small-world network. We thus attempt
the evaluation of random topologies.

B. Long-link Implementation on a Chip

To map random topologies onto a chip, we have to consider
how to implement their long links on a chip. It is an open issue
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not only for random topologies but also for high-radix non-
random topologies. The simplest way is to insert the optimal
number of repeaters on a long link. The link delay of metal
wiring is ideally less than 50 ps/mm under 65nm process [15].
Thus the long-link would maintain the chip frequency as far as
the chip frequency is not much high.

Another way is to use wireless technology to connect dis-
tant nodes on a chip. Candidate technologies include 60GHz
directional radio wave and free-space optics. We consider the
implementation of long links is possible though its implemen-
tation technology is out of the scope in this work.

III. EvVALUATIONS

The NoCs that have random topologies were evaluated
through cycle accurate network simulations in terms of the
network latency and throughput. They are compared to typi-
cal non-random topologies, namely two-dimensional mesh and
torus. All the topologies take the same degree, four, in order to
make a fair comparison.

A. Cycle-accurate Network Simulation

A flit-level simulator written in C++ is used to measure the
throughput [10]. Every on-chip router thus has three, four or
five ports. A single processing element (PE) is connected to
each router. “Core” thus consists of a PE and its local on-chip
router. Wormhole switching is used as the switching technique
of the router. Three clock cycles are required for a flit to pass
through a router, that is, one clock for routing, one for trans-
ferring the flit from input channel to output channel through
a crossbar, and one for transferring the flit to the next node.
The PEs inject packets independently of each other. We set
the packet length at 8 flits, including one header flit. To take
minimal paths, we use up*/down* routing with escape path for
all the cases except that no deactivated cores are used. The
number of cores on a chip, N, is set to 16 < N < 100.

We simply compare 2-D mesh, 2-D torus, and random topol-
ogy in this study. Although application sepcific NoC design
would generate a good topology for a give traffic pattern [3], it
is out of the scope in this study when considering the ease of
understanding.

Random topologies in which each node has the same degree
are generated under the condition that a single link connects
two different switches as follows: after each node is connected
by a tree, the remain links are randomly added. Such ran-
dom topology generation is discussed in [7]. The approach
for building random topologies does not take into account the
quality/usefulness of the random shortcuts. However random
generation does not impact on the throughput and latency sig-
nificantly. In this evaluation, we thus pick up a single random
generation to plot the graph.

B. Simulation Results under Synthetic Traffic Patterns

Three traffic patterns are used in the simulation assuming
that binary coordinates are assigned to each core.

e uniform
All destination nodes are selected randomly, and so the
traffic is distributed uniformly.

e non-uniform

- bit-reversal
A node with the identifier (ag,ay,- -, a,_1) sends a
packet to the node whose identifier is the bit reversal
(an-1,-+,ay,ap) of the source node.

- matrix transpose
A node (x, y) sends a packet to the node (k—y—1, k—
x — 1)(k is the number of nodes in each dimension)
or(k—x—-1,k—y—-1)whenx+y=k—1.

Figure 1 shows the latency vs. accepted traffic load for ran-
dom, 2-D mesh and 2-D torus under the synthetic traffic pat-
terns. Each legend represents the topology, its average shortest
path length (ASPL) in the target traffic pattern and degree. The
X-axis is the accepted traffic, whereas the Y-axis is the average
network latency whose unit is the simulation cycle. The lower
latency is thus better and the maximum value of the accepted
traffic can be regarded as the network throughput.

The main concern is the network latency. Although the la-
tency curve of the random topology is not well stabilized, its
value is drastically lower than that of 2-D mesh and 2-D torus
at each accepted traffic load. This comes from that the diame-
ter and ASPL of random topologies are empirically better than
those of 2-D mesh and 2-D torus. Its improvement becomes
large in larger network size.

When considering the performance affect given by traf-
fic patterns, as expected, non-uniform traffic patterns, matrix
transpose and bit reversal, gives larger impact on the latency
gaps between random and non-random topologies.

C. Simulation Results under Traffic Pattern of Parallel
Benchmark

The MCSL NoC Benchmark Suite [13] is used to evaluate
random, mesh and torus topologies. The benchmark provides
seven sets of traffic patterns based on real applications. Each
set supports network size varied from 4x4 to 16x16. There are
two versions of the traffic patterns, a recorded traffic pattern
(RTP) and a statistical traffic pattern (STP). The RTP is bene-
ficial for accurate NoC simulation, while the STP is designed
for simulating long application execution steps. In this evalua-
tion, we used RTP traffic pattern.A file format of the RTP traf-
fic pattern provides execution tasks and communication tasks.
We ignored the execution task because our research focuses on
network communication. A PB block was assumed in order
to reduce the simulation execution time. The communication
task contains the information of source node, destination node,
sequence number and message size. The message size is given
in word (32 bits).

Figure 2 shows the simulation results of random, 2-D mesh
and 2-D torus under MCSL NoC Benchmark Suite. We found
that the random topology has lowest latency, hop count and di-
ameter in the uniform, bit reversal and matrix transpose traffic
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Fig. 1. Accepted traffic vs. latency for random, 2-D mesh and 2-D torus under synthetic traffics
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Fig. 2. Accepted traffic vs. latency for random, 2-D mesh and 2-D torus under MCSL NoC Benchmark Suite

patterns. As well as the results of random topologies under
synthetic traffic patterns, their performance is not well stabi-
lized under Fpppp applications.

Surprisingly, in the case for small-sized networks, 2-D mesh
and 2-D torus sometimes outperform the random topologies.
The traffic patterns generated by parallel applications often
have a strong locality. The average packet hops shown in the
legend on the graph are similar to those of 2-D mesh and 2-
D torus. The main reason why the random topologies provide
better performance is to reduce the path hops. Thus, this ad-
vantage of the random topologies becomes small in the traffic
patterns generated by parallel applications.

Another finding is that the random topologies outperform 2-
D mesh and 2-D torus again in the large network sizes. This is
because the influence of packet path hops relatively becomes
large on the performance of NoCs.

IV. CoNcLUSIONS

As technology continues to scale down, the number of cores
on a chip increases significantly. The communication laten-
cies increasingly give a negative impact on the performance
of parallel applications on Chip MultiProcessors (CMPs). A
random topology, that provides lowest diameter and average
shortest path length, has been recently considered for low-
latency network-on-chip (NoC). In this work we investigate
its throughput-and-latency properties for various traffic pat-
terns and compare the random topology with traditional non-
random topologies, such as two-dimensional mesh, in various
network sizes. Thorough our cycle-accurate network simula-
tion, the random topologies outperform the same-degree non-
random traditional topologies in terms of both network latency
and throughput for synthetic imbalanced and well-distributed
traffic patterns in which a node independently communicates
with each other. By contrast, for a benchmark traffic patterns,
non-random traditional topologies provide good performance
properties in small-sized networks, i.e. up to 64 cores; while
random topologies provide better performance for larger-sized
networks. Since the number of cores will become larger in a

chip, we optimistically consider that the random topologies are
valuable in future NoCs.
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