
es t imateMinConf l i c tCo lor ( ColorStack , top , op , Con f l i c tRe l a t i on ) begin
minC := 0 ;
f o r i in 0 to top do
c := co lo rS tack ( i ) ;
nd := order ( i ) ;
i f (nd , op ) i s in Con f l i c tRe l a t i on then
i f minC < c then minC := c ; end i f

end i f
end f o r
re turn minC ;

end

Figure 13: The algorithm for estimating minimum color from conflict graph

The final step is to generate Cal actors from the optimal coloring. This is done by
taking the optimalColors array, partition the operators according to the scheduled stage,
and print the required operations, variables, registers, inputs and outputs declarations
according to the syntax of the Cal dataflow language. The top level XDF network of
pipelined Cal actors is also automatically generated based on the required number of
pipeline stages.

It should be noted that our program is designed to generate potentially all possi-
ble valid pipeline schedules for a given Tstage constraint, therefore results in a global
optimum solution. The number of possible schedules depends on the mobility of op-
erators; an algorithm with many operators that can be moved among various stages
would generate many possible schedules, therefore could potentially take a long time to
find a global optimum. The RegWidthColoringStep function is a basic one for creating
modifications which would restrict the number of generated solutions. Thus, it is modi-
fied to a branch-and-bound algorithm by means of introducing a RegWidthLowerBound
function, which estimates a lower bound of total pipeline register width using partial
operator coloring that is recorded in the stack, and ASAP and ALAP colorings. The
number of generated solutions is also restricted with MeetOptimizationTimeConstraint
function which takes into account the spent CPU time or the number of produced partial
and complete colorings.

6 Experimental Results

This section presents experimental results of our pipeline synthesis and optimization
technique. Three video processing algorithms with relatively large combinatorial logic
are selected for pipelining – they are the YCrCb to RGB converter, 8x8 1D IDCT, and
Bayer filter. It is assumed that these algorithms constitute a critical path in a larger
design, therefore, by pipelining these algorithms, a throughput increase can be obtained
for the overall system.

Each design starts with an initial single Cal actor description, automatically pipelined
using our tools to obtain multiple-actor description, and synthesized to HDL. For hard-
ware implementation, two different 65-nm process node FPGAs have been used; Xilinx
Virtex-5 and Altera Stratix III, synthesized using Xilinx XST and Altera Design Com-
piler tools respectively.

6.1 YCrCb to RGB converter based on Xilinx XAPP930 [42]

This design was introduced in section 3.2 for illustrating our methodology. A single
actor was constructed that converts YCrCb to RGB color space. The total number of
operators is thirty-five.

The first step is to analyze valid Tstage constraints by determining the minimum and
maximum Tstage from the dataflow graph (figure 4). This is done by looking at table
1 for estimating the delay of operators. From the dataflow graph, the minimum Tstage
is defined by the multiplication operator which is equals to 3.00. The maximum Tstage
is defined by the longest path length, given in figure 5 which is 6.50. As a result, a
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