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Fig. 10: Floorplanning Exploration of 2� 2 bit-serial NoC
without any inter-router pipelining registers. Evaluating
the effect of spatial distance between routers on Freq.

IV. FPGA MAPPING AND LAYOUT

In the previous section we showed how to design the bit-
serial router to minimize the number of LUTs and FFs used
by the implementation. In this section, we investigate the
�oorplanning potential for helping boost frequency of our
design.

A. Speed Calibration

The base Hoplite router can run at 450–500 MHz on
the VC707 for various system sizes from 2� 2 to 16� 16
routers. This requires pipelining the inter-router links. To
clearly understand the extent of pipelining requirements of
the bit-serial NoC, we placed and routed a 2� 2 NoC with
various inter-router distances �rst without pipelining and then
with a con�gurable number of registers. In Figure 10, we
visually represent the results of these frequency calibration
experiments. We tabulate the impact of spatial distance and
pipelining on circuit frequency for the 2� 2 NoC in Table IV.

Impact of Distance: When the distance between the bit-
serial routers is below 8 slices, we can easily meet even a
1 GHz timing constraint. Obviously this particular layout is
not directly useful, but it points to an upper bound that should
be achievable. As we widen the gap between the routers, we
see a frequency degradation down to 235 MHz when using a
180� 256 (X� Y) gap. Varying distance helps us achieve the

TABLE IV: Frequency Scaling of a 2� 2 NoC on the
Xilinx VC707 board (XC7V485T).

(a) Impact of Distance (No pipelining)

Distance(SLICEs) 2 4 8 16 32 64 128 256
Frequency (MHz) 1000 950 940 760 520 406 304 235

(b) Impact of Pipelining (180� 256 SLICE inter-router distance)

Pipelining (FFs) 0 1 2 3 4 5 6 7
Frequency (MHz) 235 454 524 598 633 633 708 715

full spectrum of frequencies between these two extremes. The
PBLOCKconstraints (physical chip region limits) for the four
NoC routers seen in the device layout in Figure 10 are shown
as red rectangular regions.

Impact of Pipelining: We conduct a separate experiment
where the inter-router links are pipelined with a con�gurable
number of registers to evaluate frequency improvements. In
this scenario, Vivado's analytic placement engine is able to
position registers at appropriate intervals along the link. The
addition of pipelining registers allows the design to run as
fast as� 700 MHz. While nowhere close to a GHz rate, the
long distance between the router links poses a challenge to
the Vivado CAD engines for placing intermediate pipelining
registers at suitable distances and choosing the appropriate
routing segment. For larger-sized NoCs such as 16� 16 NoCs,
we are able to achieve a faster clock rate (800–900 MHz) with
ease. In this case, the routerPBLOCKconstraint serves as a
convenient place for limiting the wiring distance and delay.
Thus the experiments with layout of a 2� 2 NoC push Vivado
to the limit and help us understand the worst-case performance
possible for various con�gurations.

Folded Layout: For larger NoCs, the wrap-around links
between the extreme edges of the NoC are long and can
constrain performance. To avoid this problem, we use a folded
layout by interleaving alternate router blocks thereby limiting
the worst-case inter-router distance to just two routers. This is
a well-known idea also used for performance optimization in
the base Hoplite design.

V. EVALUATION

In this section, we evaluate the various con�gurations of the
different NoCs and report NoC metrics, resource utilization,
clock frequency, and power usage information. We then un-
derstand the underlying trends and tradeoffs for optimizing the
NoC for the end user. As mentioned earlier, we perform all our
experiments on the Xilinx VC707 board with the XC7VX485T
-2 FPGA device and use Vivado 2015.4 for compilation.
Where appropriate we generatePBLOCK�oorplanning con-
straints using our custom scripts for targeting various NoC
system sizes. We use parameterized RTL based on the original
Hoplite RTL with suitable adaptations for supporting bit-serial
evaluation. The Clock BUFGFmax frequency range [11] that
is supported by the Virtex-7 fabric is 625–741 MHz (depending
on speed grade). Our layout frequencies easily surpass these
limits, and represent a limit study of what the Xilinx fabric
potential.

A. Single Router

We �rst assess the logic requirements of individual routers
to compare and contrast the bit-parallel and bit-serial imple-
mentations. In Figure 13a and Figure 13b, we show the effect
of varying bitwidth of the NoC link on LUT and FF count
of the routers on the VC707 board. As expected the bit-
parallel designs can be as much as 8� (LUTs) and 23� (FFs)
larger than their bit-serial counterparts. The bit-serial design
is mostly insensitive to variations in bitwidth (certainly FF






