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Abstract

We present a method of runtime configuration scheduling in reconfigurable SoC design. As a
model of computation, we use a popular formal model of computation, hierarchical FSM (HFSM)
with synchronous dataflow (SDF) model, in short, HFSM-SDF model. In reconfigurable SoC design
with HFSM-SDF model, the problem of configuration scheduling becomes challenging due to the
dynamic behavior of the system such as concurrent execution of state transitions (by AND
relation), complex control flow (HFSM), and complex schedules of SDF actor firing. This makes
it hard to hide configuration latency efficiently with compile-time static configuration scheduling.
To resolve the problem, it is necessary to know the exact order of required configurations during
runtime and to perform runtime configuration scheduling. To obtain the exact order of
configurations, we exploit the inherent property of HFSM-SDF that the execution order of SDF
actors can be determined before executing the state transition of top FSM. After obtaining the order
information and storing it in the ready configuration queue (ready CQ), we execute the state
transition. During the execution, whenever there is FPGA resource available, a new configuration
is selected from the ready CQ and fetched by the runtime configuration scheduler. We applied the
method to an MPEG4 decoder and 1S95 design and obtained up to 21.8% improvement in system
runtime with a negligible overhead of memory usage.
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1: TopFSM::Run ()

2: switch ( top_cur_state ) {

3: case $1:

4: S$1.RunSDF Scheduie ();

5: if (ic==0){

6: top_cur_state = S2;

7: if(ia==0) S2_sub_cur_state1 = 84;
8: else S$2_sub_cur_state1 = 85;
9: od=1%;

10: }

11: break;

12: case S2:

13: $3.RunSDFScheduie ();

14: switch ( S2_sub_cur_state1 ) {

15: case S4:

16: S4.RunSDFSchedule {);

17: if(ib==1) $2_sub_cur_state1 = §5;
18: break;

19: case $5:

20: $5.RunSDFSchedule (};

21: S$2_sub_cur_state1 = 84; oc = 1;
22: break;

23: }

24; if(ic==1) { top_cur_state = S1; od = 0; }

25: break;

26:

27:}

a7 2. <2¥ 1>¢] HFSM-SDF model 73 <
Fig. 2. A code section of implemented HFSM code
for the specification of <fig. 1>.
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TopFSM::Precompute ()
switch { top_cur_state ) {

case S1:
$1.insertQueue { ReadyCQ );
break;

case S2:
83.InsertQueue { ReadyCQ );
switch ( S2_sub_cur_state1 ) { /

case 54 - :
SDF

S4.lnsertQueue { ReadyCQ );
SDF Schedule = B,2(B,)

break;
case S5:
A
ReadyCQ += <B,, 10, 1>
<B,, 50, 2>

LH
2
3
4:
5:
[
7
8

9:
10:

11:

12

13:

14:

18:
16:

17: }
18:}

$6.InsertQueue ( ReadyCQ );
break;

~
..

break;

(a) Precomputation function 0| Xl (b) ReadyCQ 34 Gl &I

12| 5. Precomputation function®} ready CQ | #l
Fig. 5. Examples of precomputation function and
ready CQ.
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(2) Remove B,
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Fig. 6. Runtime configuration scheduler.

int TestFetch ( tuple elem )
if ( elem.cost() + cur_cost() <= 100% &&
Controller.CheckConflict ( elem.config_id )
return OK;
else S1.InsertQueue ( ReadyCQ );
return not_OK;

1:
2
3: ==0K)
4:
5
6

1% 7. Configuration fetch B]~E
Fig. 7. Testing whether configuration fetch
allowed or not.
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