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Abstract—Optical network-on-chip (ONoC) can be used as the
communication backbone for high performance chip multiprocessors (CMPs). Fat tree based ONoC shows high throughput,
small delay and low power consumption. However, the traditional
ﬂoorplan design of fat tree based ONoC has a large number
of waveguide crossings because of the fat tree topology. In this
paper, we present an optimized ﬂoorplan with the least number of
waveguide crossings that has been reported. The average number
of waveguide crossings per optical path in the optimized ﬂoorplan
is 87% less than that in traditional ﬂoorplan for a 64-core CMP.
We also ﬁnd the optimal aspect ratio of cores to minimize the
end-to-end delay. These work could help to ease the physical
implementation of fat tree based ONoC for CMP.
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(a) Topology

The development of on-chip optical components make optical network-on-chip (ONoC) a promising communication
system for chip multiprocessors (CMPs) [1], [2]. ONoC can be
classiﬁed by different topologies. Regular topologies used by
ONoCs include mesh, torus, ring (1-dimension torus), fat tree,
etc [3], [4], [5]. Fat tree based ONoC shows high throughput,
small delay and low power consumption [6]. The ﬂoorplan
of fat tree based ONoC plays an important role in network
performance and cost. A large number of waveguide crossings will attenuate signals and introduce crosstalk noise [7].
Besides, the end-to-end delay in fat tree based ONoC will be
increased by long interconnects. These problems also limit the
scalability of fat tree based ONoC because its power and area
cost will worsen signiﬁcantly when the network size increases.
In this paper, we present an optimized ﬂoorplan for fat tree
based ONoC with less crossings and shorter interconnects. We
also ﬁnd the optimal aspect ratio of cores in CMP using fat
tree based ONoC.

(b) Floorplan
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Fig. 1(a) shows the fat tree based ONoC. It consists of
optical routers and interfaces to cores, which are connected
by optical interconnects. Routers are able to switch optical
signals from one port to another. Routers can be divided
into different levels. Cores are connected to fat tree based
ONoC by optical-electronic and electronic-optical interfaces.
The electronic signals sent by source cores are converted into
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Fig. 1. The fat tree topology and its traditional ﬂoorplan for 16-core CMP
fat tree based NoC
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The optimized ﬂoorplan of fat tree based ONoC for 64-core CMP

optical signals, transmitted through ONoC, and converted back
to electronic signals for destination cores. Each interconnect
is bidirectional and is made up of two optical waveguides.
Packets transmitted in fat tree based ONoC will go through
three stages. In the ﬁrst stage, the packets from the source
cores climb the tree from low-level routers to high-level
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Fig. 3. The number of waveguide crossings on each optical path between
any two cores in the traditional ﬂoorplan and optimized ﬂoorplan
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III. Q UANTITATIVE R ESULT AND A NALYSIS
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We analyze the optimized fat tree ONoC ﬂoorplan for 64core CMP. The number of waveguide crossings on the path
between any two cores in the traditional ﬂoorplan and the
optimized ﬂoorplan are shown in Fig. 3. Cores are indexed,
and each optical path can be distinguished by the combination
of a source core index and a destination core index. Cores on
a CMP are indexed in a zigzag fashion, and neighboring cores
have close indices. The number of crossings on each path is
shown by different colors. In both ﬂoorplans, paths between
neighboring cores have less crossings than paths between
faraway cores. Half paths in the traditional ﬂoorplan have
166 crossings. On the other hand, all paths in the optimized
ﬂoorplan have less than 22 crossings. The average number of
waveguide crossings per optical path in the optimized ﬂoorplan
is 87% less than that in the traditional ﬂoorplan. This analysis
shows that our optimized ﬂoorplan can signiﬁcantly reduce the
number of waveguide crossings.
We also analyze the traversal distance of the fat tree based
ONoC for 64-core CMP. The relationships between the average traversal distance per optical path and the aspect ratio of
cores for the two ﬂoorplans are plotted in Fig. 4. The chip area,
which is the total area of 64 cores, is assumed to be a constant.
Therefore, the traversal distance can be represented by its
ratio to the square root of chip area. The average traversal
distances of both ﬂoorplans are between one to three times of
the square root of chip area when the aspect ratio is close to
one. We ﬁnd that each ﬂoorplan has an optimal aspect ratio of
cores, which can minimize the average traversal distance. For
the traditional ﬂoorplan, the average traversal distance is 0.97
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routers. Each router will choose one port to move the packet
upward based on a routing algorithm. In the second stage, the
packets arrive at routers, which are the common ancestors of
the source cores and destination cores. Finally, the packets
move downward from high-level routers to low-level routers
and reach the destination cores.
Fat tree based ONoC can be fabricated on a separate optical
layer, which could be stacked onto electronic layers for cores.
Traditional ﬂoorplan design favorites H-tree, and it is shown in
Fig. 1(b). Multiple routers at the same level are grouped into
clusters for ﬂoor planning purposes. Clusters also have levels,
which are the same with the levels of inside routers. Clusters
at level 1 and level 2 have only one router, and the other
level clusters have two or more than two routers. H-tree based
ﬂoorplan has a large number of waveguide crossings, which
cause large insertion loss and crosstalk noise. We propose
an optimized ﬂoorplan in Fig. 2, whose router clusters are
the same as those in the traditional ﬂoorplan. Our ﬂoorplan
for fat tree based ONoC has the least number of crossings
that has been reported. Another important characteristic in the
ﬂoorplan is the traversal distance of a signal, which affects
end-to-end delays in fat tree based ONoC. We ﬁnd that the
traversal distance is related to the aspect ratio of cores, and an
optimal core aspect ratio is existed to minimize the traversal
distance.
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Fig. 4. Relationships between average traversal distance per optical path and
aspect ratio of cores in 64-core CMP with fat tree based ONoC

with optimal aspect ratio 1.14. For the optimized ﬂoorplan,
the average traversal distance is 1.17 with optimal aspect ratio
2.02. Since the traditional ﬂoorplan uses H-tree, it has the
minimum Manhattan distance for each optical path. While
our optimized ﬂoorplan signiﬁcantly reduces the waveguide
crossings, and only marginally increases the average traversal
distance, compared to the traditional ﬂoorplan.
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