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Figure 5.2: Cycle time on an idle link as a function of the number of channels.


Throughput with Varying Channel Count


The graphs in Figure 5.2 show how cycle time depends on the number of
 channels in the link. In implementation 1, one would expect that the cycle
 time is independent of the number of channels on the link, but Figure 5.2
 show that the cycle time is slightly increasing. This is a result of the first
 order gate-delay estimations made by DC. When estimating wire lengths it
 is not only the fanout of the wire it selves, but also the total number of gates
 in the module that has influence on the estimate. In an optimal layout of
 this implementation, the cycle time/throughput would be independent of the
 number of virtual channels. The effect of slightly increased gate-delays as the
 the number of gates in the link increases will be present in all the following
 results.


The cycle time of implementation 2 and 3 is increasing logarithmic with
the number of virtual channels. This is caused by the added delay in the
arbitration circuits, and it increases logarithmic because the arbiters are 
im-plemented as trees. The graph shows that there is a significant throughput
degradation when implementing virtual channels. The next section will 
in-vestigate if the lost bandwidth in a virtual channel link implementation can
be regained by using a wider flit. The performance of imp. 3 is a little better
than imp. 2, and the difference is increasing with the number of channels.
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Figure 5.3: Cycle time on an idle link as a function of the flit width(16
 channels).


Throughput with Varying Flit Width


The flit width will also affect link performance. In the bundled-data part of
 the links, a wider data-path increases the load on the control circuits driving
 latches and multiplexers. The latency caused by the increased load can be
 minimized by scaling the driver gates[32]. In the delay insensitive part of
 the circuits, a wider data-path will also cause increased latency because the
 hole data-path is synchronized at each pipeline latch. It may be possible to
 avoid this by dividing the data-path into smaller gangs at the cost of extra
 acknowledge wires. The performance measurements from simulation with
 varying flit width is shown in Figure 5.3. As expected we see a logarithmic
 increasing cycle time caused by the completion-detection tree getting deeper
 as the data-path becomes wider. Above 16 bit the slope is however rather
 flat, which means that it is feasible to increase link bandwidth by widening
 the data-path. For imp. 3 the cycle time is increased by approx. 10% when
 doubling the flit width from 16 to 32 bit.


Throughput with Varying Link Length


Future chip technology advances will increase delays in global wires compared
to gate delays, and here we will investigate how these changes will affect
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Figure 5.4: Cycle time on an idle link as a function of the number of repeaters
 on the link(16 channels, 16 bit data).


link performance. Since simulations are performed with pre-layout timing
 informations, the delays in link wires are not realistic. Therefore longer
 link wires will be emulated by increasing the number repeaters between the
 sending end and the receiving end. As seen in Figure 5.4 the cycle time on
 the link is linear dependent on the the link wire delay. It is obvious that
 the graph for imp. 3 is not what we desired from a pipelined version. As
 described earlier, this is caused by the fact that a single channel can not
 exploit the pipeline because it is limited by the synchronization handshake
 channel. We will come back to this problem in Section 5.7. The graph has
 a steeper slope for imp. 3 than imp. 2 because the delay through a pipeline
 latch is longer than through a simple buffer.


Latency


At network level, latency describe the time passing from a packet is sent
until the packet is received. Often a packet is divided into several flits and
therefore packet latency at link level will depend on both link latency and
cycle time. We will defined link link latency as the time passing from valid
data and request signal is asserted at the input of a channel, to the data is
available at the output and the acknowledge signal goes high. Table 5.1 lists
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 Implementation N Cycle time(nS) Latency(nS)


imp1 2 2.22 0.88


imp2 2 4.13 1.13


imp2 32 9.79 3.35


imp3 2 3.79 2.38


imp3 32 8.18 6.67


Table 5.1: Cycle time and latency for different link instantiations.


cycle time and latency for some link instances. In implementation 1 and 2
the difference between cycle time and latency is rather high. This is because
latency only includes the forward latency of the circuit, whereas cycle time
includes the full handshake. In implementation 3, the cycle time is closer
to the latency because decoupling in the pipeline lets the RTZ part of the
handshake take place concurrently with the data-transfer. The latency in
imp. 3 is approximately 2 times the latency of imp. 2. This is due to the
forward latency added by the pipeline latches.
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