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Figure 1. Example mSWNoC Topology. 
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The millimeter-wave small-world wireless NoC 

(mSWNoC) has emerged as an enabling interconnection 
infrastructure to design high-bandwidth and energy-efficient 
multicore chips. In this mSWNoC architecture, long-range 
communication predominately takes place through the 
wireless shortcuts operating in the range of 10-100 GHz, 
whereas the short-range data exchange occurs through 
conventional metal wires. This results in performance 
advantages (lower latency and energy dissipation) mainly 
stemming from using the wireless links as long-range 
shortcuts between far apart cores. The improvement in energy 
efficiency of a mSWNoC-enabled multicore chip will be 
enhanced further by incorporating suitable power management 
strategies. This dissertation focuses on improving the energy 
efficiency of mSWNoC-enabled multicore chips without 
sacrificing performance by developing the following 
methodologies: 

(i) The power and thermal profiles of the mSWNoC depend 
on how efficiently the routing mechanism can move the 
traffic through the network and balance the traffic within 
the network elements. We demonstrate that by 
incorporating appropriate congestion-aware routing 
techniques, a greater potential is created for 
implementing Dynamic Voltage and Frequency Scaling 
(DVFS) to reduce the energy dissipation and 
temperatures of the whole system. 

(ii) Multiple Voltage Frequency Island (VFI)-based designs 
can reduce the energy dissipation subject to specific 
performance constraints in multicore chips. We 
demonstrate that a novel NoC architecture like 
mSWNoC can achieve significant energy savings of 
VFI-based multicore chips while minimizing the impact 
on performance.  

Traditional multicore designs, based on the Network-on-
Chip (NoC) paradigm, suffer from high latency, significant 
power consumption and temperature hotspots as the system 
size scales up due to the inherent multi-hop nature of the 
communication fabric. To alleviate these issues, the mSWNoC 
has been proposed as a promising alternative [3], [9]. Small-
world graphs are characterized by many short-distance links 
between neighboring nodes as well as a few relatively long-
distance, direct shortcuts. Small-world graphs are particularly 
attractive for constructing scalable wireless NoCs (WiNoCs) 
as the long-distance shortcuts can be realized using high-
bandwidth, low-energy, wireless interconnects while the local 
links can be designed with traditional metal wires. Fig. 1 
shows an example of a 16-core mSWNoC topology, the blue 
solid lines indicating wired short-range links and the dashed 
red lines indicating wireless long-range links.   

The mSWNoC network is irregular by nature. Routing in 
irregular networks are more complex since these routing 
methodologies need to be topology agnostic. Adaptive layered 
shortest-path routing (ALASH) is utilized to ensure deadlock-
free routing in these irregular networks.  ALASH is able to 
route messages through the shortest paths in the network by 
avoiding deadlock through creating virtual layers and ensuring 
that each layer is deadlock-free. By using the adaptive nature 
of ALASH to balance congestion across the network, the 
average and maximum link utilization is greatly reduced, 
allowing for a greater potential to utilize DVFS methods to 
reduce energy and power without significant performance 
degradation. It was seen by using both DVFS and ALASH on 
the mSWNoC, the network energy could be reduced by as 
much as 73.95% with respect to a baseline mesh without 
increasing the network latency, while considering several 
SPLASH-2 and PARSEC benchmarks [7]. Fig. 2 shows the 
energy profiles incorporating ALASH routing, with and 

 
Figure 2. Normalized packet energy with various benchmarks. 
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Figure 3: Full-System Energy-Delay-Product for VFI Mesh and 
VFI WiNoC with respect to NVFI Mesh for various MapReduce 

applications. 
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without DVFS, on the mSWNoC. As a comparison we show 
the packet energy for mesh too. We consider conventional XY 
and adaptive XY (AXY) routing for mesh. We see that by 
incorporating both ALASH and DVFS on the mSWNoC 
platform, huge energy savings can be obtained without any 
performance degradation. Due to the load-balancing from 
ALASH and the energy savings from mSWNoC and DVFS, 
the thermal profile was also seen to drastically improve over 
traditional wireline mesh. 

Multiple VFI designs have become the de facto platforms 
for both embedded and high performance multicore platforms. 
Most of these designs use mixed-clock/mixed-voltage FIFO 
interfaces for inter-VFI communication, popularly referred to 
as Globally Asynchronous, Locally Synchronous (GALS) 
architectures. VFIs present a solution with greater scalability, 
requiring less voltage regulators and less mixed-clock/mixed-
voltage FIFOs than more fine-grained solutions. 

VFIs are able to take advantage of the natural partitioning 
and mapping of applications to multicore systems better than 
single voltage-frequency (V/F) systems. These VFIs can be 
partitioned in various ways, by grouping the cores into islands 
in order to optimize the communication cost, reduce the core 
utilization variance, or a combination of both [1], [6]. Then the 
V/F of each island is tuned to take advantage of the slack in 
the application and reduce the energy dissipation without 
significantly impacting performance. Even if the VFI clusters 
are created to minimize the communication costs, the traffic 
remains predominantly inter-VFI. The mSWNoC can be 
optimized to facilitate these types of communication by 
leveraging the wireless links to carry large portions of the 
inter-VFI traffic. The wireless nodes were placed in the center 
of each VFI in order to maximize the likelihood that messages 
would utilize them. Wireless nodes tuned to the same 
frequency were also placed in separate VFIs, reserving them 
for the more costly inter-VFI communication. This method 
helped increase the traffic traveling through the wireless by as 
much as 15 percent of the total traffic compared to previous 
wireless placement methods. By using the VFI methodology 
along with the mSWNoC, the full-system EDP can be reduced 
by as much as 47% with a maximum of a 5.8% execution time 
penalty for various SPLASH-2 and PARSEC benchmarks [1].  

Initially, we evaluated performance of the mSWNoC-
enabled VFI platforms for traditional Chip Multiprocessor 
(CMP) benchmarks. However, due to the increasing popularity 

of big-data workloads like MapReduce, we designed and 
evaluated the performance of VFI-enabled multicore chips for 
these applications. We demonstrate that a VFI mSWNoC 
system is capable of improving the energy efficiency of 
MapReduce without incurring noticeable performance 
degradation compared to a conventional mesh-based NoC [4] 
as shown in Fig. 3.  

This dissertation focuses on demonstrating the capabilities 
of mSWNoC to design energy and thermally efficient 
multicore chips without incurring noticeable performance 
degradation. The mSWNoC enables the implementation of 
power management strategies such as DVFS and VFI without 
introducing execution time penalty when compared to 
traditional mesh. The small-world network-based interconnect 
architecture enabled by the on-chip wireless links coupled 
with power management strategies improve the energy and 
thermal characteristics of a NoC significantly. 
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