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Abstract

Hardware-Software codesign becomes important to effectively satisfy performance goals, because
designers can trade-off in the way hardware and software components work together to exhibit a
specified behavior. In this paper, a hardware-software partitioning algorithm is presented, in which the
system behavioral description containing a mixture of hardware and software components is
partitioned into hardware part and software part. The partitioning algorithm tries to minimize the
given cost function under constraints on hardware resources or latency. Recursive moving of
operations between the hardware and software parts is used to find a near optimum partition and the
list scheduling approach is used to estimate the hardware area and latency. Since memory may take
substantial portion of the hardware part, memory cost is included in the hardware cost. Experimental
results show that our algorithm is effective.
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Algorithm 1. HW-SW partitioning algorithm.

HW_SW_Partition(DFQG)
/* DFG = G(V, E) : Data flow graph */
{
from = Select_From_Group(); /* either HW or
SW »/
Calc_Cost(DFG);
current cost */
cur_cost = o]
while ( min_cost < cur_cost ) {
Update_Gain(from); /* find gain of moving
each operation from “from”
group to the other group */
cost = cur_cost = min_cost;
while ((NODE Largest_Gain_Node
(from)) is not empty ) {
if (NODE’s gain < THRESHOLD)
break;
Move_Node(NODE);
cost ~— cost - NODE's gain;
if ( cost < min_cost ) {
min_cost = cost;
Save_Partition();
}
Update_Gain(from);

min_cost /*  calculate

} end while;
from = Change_From_Group(from);
} end while;

}
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Table 1. Area and delay of functional units tol

Functional unit |Bit width|Area(tm®)| Delay(ns)

adder 16 40,000 | 15.0 (1 cstep)
subtracter 16 40,000 |15.0 (1 cstep)
multiplier 16 58,000 (24.4 (2 csteps)
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Table 2. Resource  constrained  partitioning
results (THRESHOLD = -10).
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stedoi-LXEd o] FF AAE AT 2

400 393
T All SW Sol.
27,
[ {
|
300 |
>
£ 200
a
100 1)
Lgg TR All HW Sol.
1 (1, +:1, =1) .
27 (*:2, +:1, 1) (2, +2,-2)
17 15
o °

0 400,000 200,000 300,000

Area

a3 3. #ax AgzAd w3l g B2 Ad
(FDCT)

Fig. 3. Resource constrained partitioning results of
FDCT.
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Table 3. Forward DCT example.
(Latency constrained partitioning,
THRESHOLD = -15000)

All SW | All HW | HW-SW
sol. sol. sol
HW size (um?) 0 196000 | 98000
Total delay
(csteps) 250 19 2
Speed Up _ _
over all SW 10.0
Area Reduction _ N 05
over all HW )
Functional Units +12, * 20+ 1, % ]
(b) Forward DCT
All SW{ All HW | HW-SW
sol. sol. sol
HW size (um? 0 294000 98000
Total delay
(csteps) 393 15 41
Speed Up B _
over all SW 9.58
Area Reduction
over all HW - - 0.36
Functional Units * Z _2: 2 1, *: 1
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Table 4. Elliptical wave filter
(Resource constrained partitioning,
+ 1, * 1 1, port < 3)

control step | 32 28 26 25

memory | 34 | 35 | 35 | 35

cost = module o ) . \
Ot ™ | hporttreg | 23 | 23| 23 | 23

M_cost 8.15 | 898 | 898 | 898

memory o . . )
) 33 | 33 | 33 | 34
cost =

module | 1) o | g3 | 2

Texe + | (#portifireg.)
M_cost
M_cost 514 | 651 | B27 | 74

M_cost 7§A
(%)

3691275 |79 | 176
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