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Figure 6.6 A very simple example showing the evaluation step: (a) the chromosome; () the
‘subtask exccution ordering on each machine given by (a); (¢) the estimated subtask execution
times; (d) the gdi intermachine transfer times (transfers between subtasks ass;,gned to the same
“machine take zero time); and (¢) the subtask execution and data-transfer timings, where the
‘completion time for this chromosome is 16.

from among the producer of this data item and all the consumers that have received
this data item. These consumers are forwarders [51]. The one (either the producer or
a forwarder) from which the destination subtask will receive the data item at the
earliest possible time is chosen.

After the source subtask is chosen, the data transfer for the input data item is
scheduled. A transfer starts at the earliest point in time when the path from the
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Figure 6.8 An example showing the in-order scheduling of a chromosome: (a) the
chromesome; (&) the subtask execution ordering on each machine; (¢) the estimated subtask
execution times; (d) the gdi transfer times (transfers between subtasks assigned to the same
machine take zero time}); and () the subtask execution and data-transfer timings using in-order
transfers (the gdi, transfer occurs before the gdi; transfer), where the completion time is 17.

to the same machine, and (2) for examining data transfers. Two different scheduling
strings could result in the same ordering for (1) and (2).

After a chromosome is evaluated, it is associated with a fitness value, which is the
time when the last subtask finishes its execution. That is, the fitness value of a
chromosome is the overall execution time of the task, given the mapping decision
specified by this chromesome and by the evaluation process.

In summary, this evaluation mechanism considers subtasks in the order in which
they appear in the scheduling string. For a subtask that requires some gdis from other
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Figure 6.9 An example showing the the out-of order scheduling, where the chromosome
and other statistics are the same as in Fig. 6.8. The completion time is 14.

machines, the gdi transfer whose producer subtask appears earliest in the scheduling
‘string is examined first. When scheduling a gdi transfer, both the producing and the
forwarding subtasks are considered as possible sources. The source subtask that lets
‘this consumer subtask receive this gdi at the earliest possible time is chosen to send
the gdi. The out-of-order scheduling of the gdi transfers over a path could further
reduce the completion time of the application.

6.4.8 Experimental Results

To measure the performance of this GA-based approach, randomly generated
scenarios were used, where each scenario corresponded to an SPDAG, the asso-
ciated subtask execution times, the sizes of the associated gdis, and the commu-
nication-link bandwidths of the machines. The scenarios were generated for different
numbers of subfasks and different numbers of machines, as specified below. The
estimated expected execution time for each subtask on each machine, the number of
gdis, the size of each gdi, and the bandwidth of each input link of each machine were
randomly generated with uniform prebability over some predefined ranges. For each
machine, the bandwidth of the output link is made equal to that of the input link. The
producer and consumers of each gdi were also generated randomly. The scenario
generation used a |G| x |S| dependency matrix to guarantee that the precedence
constraints from data dependencies were acyclic.


























































































