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An Iterative Data-Flow Optimal Scheduling Algorithm based on
Genetic Algorithm for High-Performance Multiprocessor
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Abstract 1In this paper, we proposed an iterative data-flow optimal scheduling algorithm based on genetic algorithm
for high-performance multiprocessor. The basic hardware model can be extended to include detailed features of the
multiprocessor architecture. This is illustrated by implementing a hardware model that requires routing the data
transfers over a communication network with a limited capacity. The scheduling method consists of three layers. In
the top layer a genetic algorithm takes care of the optimization. It generates different permutations of operations, that
are passed on to the middle layer. The global scheduling makes the main scheduling decisions based on a
permutation of operations. Details of the hardware model are not considered in this layer. This is done in the
bottom layer by the black-box scheduling. It completes the scheduling of an operation and ensures that the detailed
hardware model is obeyed. Both scheduling method can insert cycles in the schedule to ensure that a valid schedule
is always found quickly. In order to test the performance of the scheduling method, the results of benchmark of the
five filters show that the scheduling method is able to find good quality schedules in reasonable time.
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Fig. 1. The proposed scheduling method
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Sint Tunction_get pref _time bounded(int ¢, int R nc)
{/* "Determine the preferred
start time t pref for operation c.
Ronc is the range of valid start times of
the operation and it is bounded." */
begin:
{/ "Global variables the are used:
N pred_s : The number of direct predecessor operations that
have already been scheduled.
N succ_s © The number of direct successor operations that
have already been scheduled.
N pred_t : The total nunber of direct predecessor operations.
N_succ_t : The total number of direct successor operations. " */

if (Npred s < N succ_s)
t pref = R nc_max:

else it (Npreds > Nsucc s)
t pref = Ronc_min;

else if (Npredt < Nsucc t)
t_pref = R nc_min;

else if (Npred_t > Nsucc t)
t preft = R nc_max :

else
t pref = 0;

return t_pref :
}

}

a% 2. fE 2AEY AsEAs FE
Fig. 2. The pseudocode of
instance

effective  scheduling
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int function_get_num_free(int schedule, int fu, int col);
[+ "Returns the nunber of consecutive empty cycles in the schedule
on FlJ fu, starting at colum col." +/
int Tunction_col _delta(int schedule, int call, it col?):
[+ "Returns the nunber of cycles that colum col? lies beyond
colum col1." ¢/
int unction_add tine(int tine, int delta):
J+ “Returns the tine tine increased by delta." «/
=int function_how_to_insert(int schedule, int ¢, int fu, int starttine) {
begin:
[+ "Can operation ¢ be scheduled at the proposed starttine or is it
in the middle of another operation and should it be woved?" #/
¢2 += functon_get_nun_free(schedule, fu, col starttime):
i ( Q2=BTY || col (2 starttine)=col (starttine) )
shift =
glse
shift = c2 duration - col .deltalschedule, col{starttine), col(c2 startting)):
end
Ni+= shifts
J¢ Inserl as many cycles as operation ¢ is shifted, to avoid
that any precedence relations might be violated" »/
J |5 there already enough roon in the schedule or should extra
cycles be inserted?” ¢/
F = function_get nun_free(schedule, fu, time(starttine, shift)):
N = wax(0, 2 duration - N1 - F):
=N+ N
J The operation can be scheduled with a start tine thet is shift
tine cycles to the right of the proposed start tine. N cycles
have 1o be inserted before colum col(starttine)." =/
return shift, N:

gy 30 A A9 dags
Fig. 3. The insertion algorithm of operation
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-woid genetic_algorithm() {
generations = 0:
evaluations = 0:
/* "Initialize population” =/
new.population = {}
for (i=1: i<population size: i+) {
organisn.genotype = random_genotype():
organisn.phenotype = evaluate(organism. genotype) ;
organism.fitness = calculate_fitness(organism.phenotype):
evaluations = evaluations + 1;
new.population = new.population + organism:
]
/* "Evolve population” =/
while(new.population>generation. limit) {
generations = generations + 1
old.population = new.population:
new.population = {}:

for (i=1: i<population_size: i+) {
parent! = select.parent(old.population):
parent? = select.parent(old.population):
child_genotype = crossover (parentl, parent?):
child_phenotype = evaluate(child.genotype):
child.fitness = calculate_fitness(child.phenotype):
evaluations = evaluations + 1:
new.population = new.population + child:

]
}
return new.population:
}
I 4. f4 dueFel T
Fig. 4. A framework of genetic algorithm
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Table 1.

The performance bounds for the five

benchmark filters

DFG Dur. Num. IPB | PDB | PB
+ * + %
Second 1 2 4 4 3 3 4
Third 1 2 6 6 3 4 6
Lattice 1 5 11 4 14 28 3
Jaumann 1 5 13 4 16 9 3
Elliptic 1 2 26 8 16 14 3
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Table 2. Configuration of the scheduling method
used to benchmark test
Genepc Population size 60
algorithm
Crossover 80% UNIPERM
(copy bias=0.50)
Mutation 0%
Selection tournament (size=6)
margin=10%,
. fraction=90%
Termination
or max
number of
evaluations=5000
. IPB,
Heuristics To it unless stated otherwise
Results Number of 50
runs
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Table 3. Scheduling results for the five
benchmark filters
Num.| Dur. | Avg. | Avg. | Best Schedule
FUs | +| =*| evals r.un* 1P Latency
time

Second 4 1| 2| 34 5s 3 100| 3 098

Third 6 1] 2| 406 1Is | 3 100] 4 036

Lattice 3 1| 5| 237 6s | 14 1.00] 29 100

Jaumann 3 1| 5| 217 6s 16 1.00] 9 1.00

Elliptic 3 1| 2| 84 | 76s | 17 1.00| 14 1.00
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