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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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Conclusion


The purpose of the thesis has been to implement an asynchronous NoC 
 pro-totype on an standard FPGA. The previous work about implementing 
 asyn-chronous circuits on FPGAs is very limited thus a major part of the project have
 been to develop a general design flow for the implementation of asynchronous
 circuits on FPGAs.


A simple asynchronous best-effort NoC have been developed. The NoC consists
 of a router, a slave NA, and a master NA. The router is designed to work in
 a mesh topology and uses wormhole routing. Deadlock freedom is assured by
 usingxy-routing and source routing is used. A packet can consist of an unlimited
 number of flits. To identify the beginning and end of a packet three flit types
 is used. The flit type is encoded by adding two additional request signals to
 the handshake channel. The NAs provides an OCP interface for the cores to
 connect to the network. Synchronization is handled using a simple two flip-flop
 synchronizer. The area usage of the router is 1295 LUTs and 330 latches where
 29% of the LUTs is used by delay elements. The throughput of the router has
 been measured to be 43 MHz.


A small multi-processor prototype utilizing the asynchronous NoC have been
developed. The prototype consists of three CPUs and three peripheral units
which are connected by a 3x2 mesh topology. To assure that the system is free
from message-dependant deadlocks a separate request and response net is used.


100 Conclusion


It has not been possible to fit a larger design on the FPGA. It has proven to
 be hard to reach a high utilization of the logic resources on the FPGA. It is
 suspected to be due to exhaustion of the routing resources. It is unclear if the
 implementation of the asynchronous NoC is due to these issues. There seems
 to be a general problem of reaching high utilization figures for the FPGA that
 has been used for the prototype. However, there are also indications that the
 implementation of the asynchronous NoC increases this problem.


The primary issues for implementing asynchronous circuits on FPGAs is the
delay matching process. Also, unwanted optimizations by the design tools have
been problematic. To optimally delay match a circuit the predictability of the
delay of the delay element and the delay of the datapath must both be high. By
using relative placement constraints in the design of the delay element satisfying
predictability have been achieved. To reduce the fluctuations in the delay of the
datapath it has been tried to create macros with locked placement of the design
primitives. Due to unresolved problems with the design tools it has not been
possible to create such macros. As a consequence it is needed to add extra delay
during delay matching. It is not possible to turn off the logical optimizations
performed by the design tools. They can be somewhat controlled by the use
of different settings and constraints. For carefully designed circuits such as the
circuits synthesized by Petrify is has the consequence that it is necessary to do
the LUT mapping and placement manually. For other circuits it has not proven
to be a large issue.
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Appendix A



Appendices



A.1 Perl SDF script


.


1 # !/ u s r / b i n / p e r l
 2


3 # R u n s c r i p t on s d f f i l e to f i x s i m u l a t i o n p r o b l e m s w i t h t h e m u t e x
 4


5 if ($# A R G V < 0 || $# A R G V > 1) { # 1 or 2 a r g u m e n t s n o t e : $# A R G V is t h e


6 # s u b s c r i p t of t h e l a s t e l e m e n t in @ A R G V


7 p r i n t " U s a g e : sdf . pl < i n p u t file > [ < o u t p u t file >]\ n
 8 If < o u t p u t file > is not s p e c i f i e d < i n p u t file >


9 w i l l be u s e d as o u t p u t f i l e .\ n " ;


10 e x i t ;


11 }
 12


13 $ i n p u t _ f i l e = @ A R G V [ 0 ] ;
 14 $ o u t p u t _ f i l e = $ i n p u t _ f i l e ;
 15


16 # If < o u t p u t file > s p e c i f i e d
 17 if ($# A R G V = 1) {


18 $ o u t p u t _ f i l e = @ A R G V [ 1 ] ;
 19 }


20


21 p r i n t " I n p u t f i l e :\ t $ i n p u t _ f i l e \ n " ;
 22 p r i n t " O u t p u t f i l e :\ t $ o u t p u t _ f i l e \ n " ;
 23


24 # O p e n s d f f i l e f o r r e a d i n g


25 o p e n ( s d f _ f i l e , $ i n p u t _ f i l e ) || die " C o u l d not o p e n $ f i l e n a m e


26 for r e a d i n g : $ !\ n " ;
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27


28 # L o a d f i l e i n t o s t r i n g a r r a y
 29 @ l i n e s = < s d f _ f i l e >;


30


31 # C l o s e f i l e
 32 c l o s e s d f _ f i l e ;
 33


34 # O p e n s d f f i l e f o r w r i t i n g , r e u s i n g s t d o u t


35 o p e n ( s d f _ f i l e , " > $ o u t p u t _ f i l e " ) || die " C o u l d not o p e n $ f i l e n a m e


36 for w r i t i n g : $ !\ n " ;


37


38 $ i n s t a n c e = 0;


39 f o r e a c h $ l i n e ( @ l i n e s ) {
 40


41 # M a t c h I n s t a n c e


42 if ( $ l i n e =~ / I N S T A N C E .+ n a n d _ 1 \ ) / ) {


43 $ i n s t a n c e = 1;


44 p r i n t $ l i n e ; # D e b u g


45 }


46


47 if ( $ i n s t a n c e == 1) {
 48


49 # R e p l a c e " P O R T A D R 4 ( x x x )( x x x ) ) " w i t h " P O R T A D R 4 ( 0 )( 0 ) ) "


50 $ l i n e =~ s / P O R T A D R 4 \ ( . + \ ) \ ( . + \ ) \ ) / P O R T A D R 4 \( 0 \ ) \ ( 0 \ ) \ ) / ;
 51


52 # R e p l a c e " I O P A T H A D R 4 O ( x x x )( x x x )" w i t h " I O P A T H A D R 4 O ( 0 )( 0 ))
 53 $ l i n e =~ s /( I O P A T H A D R 4 O ) \ ( . + \ ) \ ( . + \ ) \ ) / $1 \( 0 \ ) \ ( 0 \ ) \ ) / ;
 54 # p r i n t $l i n e ; # D e b u g


55 }


56


57 # M a t c h e n d of i n s t a n c e : " )"


58 if ( $ l i n e =~ /^\ s + \ ) / ) {


59 $ i n s t a n c e = 0;


60 }


61 p r i n t s d f _ f i l e $ l i n e ;
 62 }


63


64 c l o s e s d f _ f i l e ;
65 p r i n t " D o n e !\ n " ;
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