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Figure 7.3: Screenshot showing the output when the “Hello World” program is
 running.


shows a screenshot from the terminal program when the “Hello World” program
is running on the FPGA.



Chapter 8



Discussion


In this chapter the outcomes of the project will be evaluated along with proposals
 for possible future work.



8.1 Evaluation


The primary outcomes of the project is a general design flow for implementing
 asynchronous circuits on Xilinx FPGAs and an FPGA implementation of an
 asynchronous NoC. In the following these will be discussed.


The primary issues with implementing asynchronous circuits on FPGAs is to
control the timing of the design. The delay elements have fluctuations in the
produced delay and fluctuations have also been observed in the delay of the
datapath. Acceptable predictability of the delay elements have been achieved
by using placement constraints. It has proved to be harder to control the delay
of the datapath. The methods that is used on synchronous designs to provide
fine grained timing control of the datapath has not been found to be useful for
asynchronous designs. In the project sufficiently large delays have been used
to allow fluctuations in the delay of the datapath. In the implementation of
the components the delay sizes are defined per component and is thus the same
for all instantiations of the component. If tighter delay fitting is required, the
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delays must be defined individually for each instantiation of the component. The
 delays can then be fitted in an iterative process. This will be very cumbersome
 to do without any tool aid. The Xilinx tools provides a method for performing
 incremental changes in the floorplan called SmartGuide. SmartGuide uses a
 previously place and routed design as a guide for the place and route process
 to achieve a similar placement and routing of the design. This method is not
 meant to be used after re-synthesis, but the Xilinx documentation says that it
 can be used if the synthesized netlists only differs slightly. For improved delay
 matching another design of the delay element can also be considered. A delay
 element where the size of the delay can be changed without altering the floorplan
 will minimize the effects of delay fluctuations in the datapath. A design with a
 locally clocked counter with a reset value stored locally using distributed RAM
 (LUTs used as RAM resources) will have this property. The counter could be
 clocked by an inverter chain implemented in LUTs. The design of such a delay
 element will most likely be larger than the relatively small delay chains used in
 this project but it will improve the performance.


In the implementation of the NoC latches are used to store data which is the
 normal approach used in asynchronous design because latches are less resource
 extensive compared to flip-flips. On an FPGA flip-flops and latches are equally
 expensive. By using flip-flops instead of latches it will be possible to relax some
 of the timing restrictions. For example, in the implementation of the input port
 the requirement of broad data validity can be relaxed by using a rising-edge
 triggered flip-flop to store the routing direction. In the FIFO stage flip-flips
 clocked on the rising edge of the request signal could also be used. This will
 provide broad data validity at the output of the FIFO stage without having
 to OR with the acknowledge signal. However this may require larger delay
 elements because the data will not be able to propagate through the flip-flop
 prior to the rising edge of the request signal, as it will in the case of a latch, due
 to the transparency of the latch.


In the design of the router a broad data validity scheme has been consequently
 used for all components, although it is only the input port that requires it. The
 FIFOs will accept early data validity so the input port and the output port does
 not have to provide broad data validity at their outputs for correct functionality.


To encode the flit type the NoC uses additional request signals in the handshake
channel instead of appending the flit type to the flit data. This design simplifies
the design of the router and also lower latency is achieved. However it also
increases the complexity of the merge and FIFO stage components of the router
because they must handle two extra request signals. Another disadvantage is
that the number of delay elements increases from one to three for a handshake
channel. Considering the issues with delay matching it may prove to be a better
solution to append the flit type to the flit data. There has not been experimented
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with the other approach so whether it is a better solution is unknown.


In the simulation of the prototype a bug was found in the Slave NA when Read
 Requests are processed. The bug do not cause any errors in the prototype, but
 if it is used with other cores it might lead to errors. In general it is believed
 that the design of the NAs can be improved in terms of both performance and
 area.


For the implementation of Petrify circuits two alternatives exists. Either a 
 LUT-implemented C-element or a SR latch can be used as state-holding elements. In
 the project it was chosen to use C-elements for Petrify circuits and no issues
 have been encountered with this approach. On the other hand it should be
 noted that using SR latches theoretically is a more robust solution since it is a
 well-defined FPGA primitive in contrary to the LUT-implemented C-element.


During the implementation of the prototype it turned out that it was hard to
 reach a high utilization of the logic resources on the FPGA. It is unclear whether
 it is a general problem or specific for asynchronous design. There seems to be
 a general problem with obtaining high utilization ratios for the used FPGA
 but there are also indications of that the asynchronous implementation of the
 NoC utilizes a considerable amount of routing resources and thereby increases
 the utilization issues. Reducing the utilization of routing resources in the NoC
 can be done in mainly two ways: simplify the topology or reducing the flit
 size. The mesh topology used in the prototype is one of the simpler topologies.


Alternatively a unidirectional torus could be used which will use about half of
 the resources compared to a mesh topology. The fewer links in the topology will
 result in higher utilization ratios of the links and thereby degrading performance.


Also, it will be harder to ensure deadlock freedom in the topology without using
 virtual channels. By reducing the flit size the width of the handshake channels
 decreases, and thereby lowering the utilized routing resources. Also, the buffer
 sizes in the routers will be reduced. Naturally by decreasing the flit size the
 number of flits in a packet will increase thus, the packet latency through the
 network will increase. Another possibility of reducing the complexity of the
 system is to use simple traffic generators as traffic sources instead of full-fledged
 CPUs. To get a traffic generator to act like a CPU a more complex design than
 the traffic generators presented in this report is needed. The traffic generators
 should implement a state machine such that they can react dynamically to the
 traffic in the network.


The issues with low logic utilization affects the usability of the FPGA as a
 platform for prototyping asynchronous NoCs. Considering that it is a fairly
 simple NoC that has been implemented the possibility of prototyping more
 complex NoCs on the FPGA is degraded unless the utilization issues are solved.


Prototyping more complex NoCs will require a larger FPGA. The version of the
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Virtex-5 FPGA that have been used for the project is one of the smaller FPGAs
in the Virtex-5 product line. The largest Virtex-5 has about 6 times as many
slices. It can also be considered to try FPGAs from other manufactures.
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