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                    Some standard methodologies from software development have been applied
to the implementation project, to achieve a smooth development cycle with
easy test and simulation. This includes extensive use of GNU make for all
steps in the cycle. For customization of the link implementation, aconfigure
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 W Stages Activity DC(simulated SAIF) Std.load calc.


16 16 322 313 162


16 32 319 305 162


32 16 208 357 159


32 32 208 350 159


32 16 87 362 159


32 32 87 354 159


Table 3.1: Power consumption(f J/f lit/stage/bit) on a FIFO with varying
 W(bits), activity(f lits/µS) and number of FIFO stages.


script is provided, which also is common in software development projects.


When the configure script run without parameters, it will explain which
 parameters are need, as shown below:


[s973371@cstpro7 src]# ./configure


Usage: ./configure <LINK-IMPL> <CHANNEL-COUNT> <DATA-WIDTH> <STAGE-COUNT>


<LINK-IMPL> choose the link implementation(a number 1-3)


<CHANNEL-COUNT> is the number of channels on the link(must be a power of 2)


<DATA-WIDTH> is the width of the bundled-data interface for each channel


<STAGE-COUNT> is the number of buffers/latches on the link


When it has been decided which configuration to analyze, for instance for
 power consumption, the following command can be executed:


[s973371@cstpro7 src]# ./configure 2 16 32 5
 [s973371@cstpro7 src]# make power-report


This will initiate all the procedures described earlier in this chapter:


• Control circuit described as signal transition graphs will be synthesized
 into gate level net-lists by Petrify.


• All macros in the link descriptions will be expanded by m4 using the
 parameters given to the configure script.


• The resulting net-lists is compiled with DC and timing-information is
 extracted from the design.


• A simulation is performed using the timing-information created by DC,
 and the simulation results are added to the database.


• The VCD file produced by the ModelSim simulation is converted into
SAIF format.
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• The link design is loaded back into DC to make a power report using
 the newly created SAIF file.


• Result from a throughput query is printed to the screen to facilitate
 comparison of power and activity.


Appendix A show the Makefile for the project.



Chapter 4



Link Implementations


This chapter will present three asynchronous designs of a unidirectional NoC
 link with support for multiple channels. All links will be presented in a
 simple scale with only a few channels. When describing extensions to these,
 N will denote the number of channels on the link. Figure 4.1 show a NoC
 link and the context. The link is surrounded with a dashed line. In the
 implementations presented here we will assume the flit-size to be the same
 as the width of the data-path. The data width will be denoted W.



4.1 Asynchronous Design


All circuits presented here are using asynchronous design methodologies,
 which are proved and well documented[28, 22] but not in wide commercial
 use yet. The fundamental difference between synchronous and asynchronous
 circuits is that the clock signal is replaced by implicit or explicit data-valid


Node A Node B


From Switch To Switch


1


2


N N


2
 1


Figure 4.1: A unidirectional NoC link withN channels.
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 information associated with each data element.


All designs will use 4-phase “return to zero”(RTZ) handshakes to avoid
 the complications of 2-phase protocol as described in [28]. In the link ends all
 circuits usebundled-data protocol, also calledsingle rail in [22]. This reduces
 the logic area of the link since bundled-data representation only needs half
 the wires of a delay insensitive encoding like dual-rail or 1-of-4. Also the
 link-ends after layout should have only a very limited extent on the chip,
 and therefore delay matching can be made using tight timing assumptions.


The bundled-data protocol also avoids the synchronization over a possibly
 wide data-path, which might decrease performance.


The long wires in the physical channel can be heavily influenced by 
 cross-talk which can cause the propagation delay to vary a lot. Therefore the
 physical channel use delay insensitive encoding as described in Section 4.2.4.



4.1.1 Handshake Channels


The link designs will be presented as circuits composed of handshake 
 com-ponents which are communicating via handshake channels. Please note the
 distinction between handshake channels and link channels described earlier.


The design diagrams will use the concept of static data-flow structures 
 sented in [28], combined with the notions of handshake channel types 
 pre-sented in [22]. A short introduction will be given here.


In the following discussion we will assume that the bundled-data 
 proto-col is used on all handshake channels, even though a few handshake channels
 in the link designs are using different protocols. A handshake channel 
 con-sists of a request and a acknowledge signal, and possibly some data. Three
 types of handshake channels will be used, and these are shown in Figure 4.2.


The fat dot is marking the active party on the channel which is the 
 compo-nent driving the request signal, and the open circle is marking the passive
 party which is the component driving the acknowledge signal. When data
 is included on a handshake channel, an arrow will mark the direction of the
 data-flow. On a push handshake channel, data is flowing from the active
 to the passive party which means that data-valid information is encoded on
 the request signal. On a pull handshake channel, data-valid information is
 encoded on the acknowledge signal. The nonput handshake channel has no
 data associated, and therefore it is only used for synchronization.


Figure 4.2 also show three basic handshake components, namely thefork,
 join and latch component. The rest of the handshake components will be
 presented as we go through the link implementations.


In [22] is presented the concept of data-valid schemes which defines how
data-valid information is encoded on the request(req) and acknowledge(ack)
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push channel pull channel nonput channel


fork


join pipeline latch


Figure 4.2: Handshake channel and component notation.


early
 broad
 ack
 req


late


Figure 4.3: Data-valid schemes for a push handshake channel.


signals. Figure 4.3 shows the three main data-valid schemes on a push 
 hand-shake channel. Similar schemes is defined for a pull channel. The early
 scheme defines that datamay be released by the sender afterack ↑, but this
 does not necessarily mean that the data actually is released. If for instance
 the sender component guarantees that data remains valid until some time 
 af-ter req ↓, it might be possible to simplify the receiving component by taking
 advantage of this guarantee. This scheme is called extended early and will
 be used on some handshake channels in the implementations.


The data-valid schemes is used to reason about correct operation of the
 circuits, and to identify the timing assumptions which must be verified after
 a link has been instantiated. Generally, when operations are added to the
 data-path, these operations must be accompanied by delay elements in the
 control circuit. The data-path operations used in the link implementations
 are however only simple mux and demux circuits with relatively short delays.


These delays may in most cases be matched by the internal delays in the
 control circuits, and thereby delay insertion can be avoided.



4.1.2 Link Interface


All link implementations will use the same external interface to make them
directly comparable. This interface is an asynchronous 4-phase 
bundled-data interface similar to the handshake channels described above. It has
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 been chosen not to include input or output buffers in the implementations
 since the links are tested directly in a test-bench. If the link is connected
 to a switch in a real system, some buffers must be added in both ends to
 improve performance and to decouple link activity from the switch[12].


When no buffers is included, link-level flow control must be performed on
 the basis of the information available at the link interface. To emphasis the
 fact that both sending and receiving end of a link channel must indicate that
 they are capable of completing a flit transfer, before the transfer is actually
 started, we will let both ends connect to an active handshake channel. In
 the sending end, a req ↑ from the environment will indicate that a flit is
 ready for transfer, and in the receiving end a req ↑ from the environment
 will indicate that a free buffer is ready to receive a flit. Therefore the link is
 passive in both ends, which means that the sending end will be connected to
 push channels and the receiving end will be connected to pull channels.



4.1.3 Circuit Reset


We will assume an activeHIGH reset signal is present at all nodes to initialize
the link. This reset signal can be a global reset signal or a signal generated
at each node on power-up. Since Petrify fails to insert reset signals in the
synthesized circuits, reset functionality must be inserted manually. This has
been done in all link implementations, but the reset functionality is left out
in all the circuit diagrams presented in the coming sections. For correct reset
of the link, all inputs must be set low, and reset set high, long enough for
the reset to propagate through the link-wires.
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