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Abstract An embedded system is called a multi-mode embedded system if it performs multiple
applications by dynamically reconfiguring the system functionality. Further, the embedded system is
called a multi-mode multi-task embedded system if it additionally supports multiple tasks to be
executed in a mode. In this paper, we address a HW/SW partitioning problem, that is, HW/SW
partitioning of multi-mode multi-task embedded applications with timing constraints of tasks. The
objective of the optimization problem is to find a minimal total system cost of allocation/mapping of
processing resources to functional modules in tasks together with a schedule that satisfies the timing
constraints. The key success of solving the problem is closely related to the degree of the amount of
utilization of the potential parallelism among the executions of modules. However, due to an inherently
excessively large search space of the parallelism, and to make the task of schedulabilty analysis easy,
the prior HW/SW partitioning methods have not been able to fully exploit the potential parallel
execution of modules. To overcome the limitation, we propose a set of comprehensive HW/SW
partitioning techniques which solve the three subproblems of the partitioning problem simultaneously:
(1) allocation of processing resources, (2) mapping the processing resources to the modules in tasks,
and (3) determining an execution schedule of modules, Specifically, based on a precise measurement
on the parallel execution and schedulability of modules, we develop a stepwise refinement partitioning
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technique for single-mode multi-task applications. The proposed techniques is then extended to solve
the HW/SW partitioning problem of multi-mode multi-task applications. From experiments with a set
of real-life applications, it is shown that the proposed techniques are able to reduce the implementation
cost by 19.0% and 17.0% for single- and multi-mode multi-task applications over that by the

conventional method, respectively.
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® Rupused = 0;
while (1)
foreach (r; in R, —Ry)

foreach (r; in R, —Rg)

if (ACOST“"""" ¢ < () break;
generate new R} and R;

e Set Ry =R or R =R};
endwhile

PARTTTION-m (1, 112, Ry. R2) 7* Repartition algorithm for 111,11 */
/* Ty, I, two application modes */
/* Ry,R5: sets of bound resources in Iy, IT, */

o Apply PARTITION-s to I1; with £ = RyU{r;}, COST(r;) = 0;
o Apply PARTITION-s to IT; with £ = Rz U {r;i}, COST(r;) =0
e Select r; whose corresponding application produces the largest
value of ACOSTS—™ede jn Eq. (3);

e Perform the selected application (i.e., repartioning), and

® Runused = Runused (RZ ~RyUR, _Rl’) - (Rll UR,2)>;

« return (Repartition result of I1; and Iz, Rupused);
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