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THE SUMMARY OF PH.D DISSERTATION

The higher the demand of information processing, the higher the needs on par-
allel processing. Recently clustering technologies which enable to develop more cost-
effective parallel machines are gathering attentions. Most parallel machines including
the clusters, however, are operated with batch scheduling. Interactive programming
environment which time sharing scheduling enables is thought to be efficient for pro-
gram development. In the past, main frames and super computers had been operated
with batch scheduling, but today they are operated with time sharing scheduling. Par-
allel machines are also expected to be operated with time sharing scheduling in the

future.

To realize a time sharing scheduling on parallel machines, some technical problems
must be answered. And the scheduling overhead of time sharing scheduling must be so
low that response time of interactive parallel programs is short enough. The objective
of this paper is to develop time sharing scheduling techniques on parallel machines, and
to investigate if the developed time sharing scheduling can be applied to an interactive

parallel programming environment.

In this dissertation, gang scheduling is focused as a time sharing scheduling tech-
nique on parallel machines. To minimize time sharing scheduling overhead and max-
imize the performance of parallel programs, a gang scheduling implementation tech-
nique using network preemption is proposed. And this proposed time sharing schedul-
ing technique is evaluated. As a result, the gang scheduling overhead less than 4%
on 64 processing nodes with a 100 msec time slice is obtained. Further, the imple-
mented gang scheduling is compared with another time sharing scheduling technique.
The comparison results show that the gang scheduling exhibits more stable scheduling

behavior.

Time sharing scheduling may not provide an effective interactive programming en-
vironment. A parallel program under execution may be idle and waiting for user input.
This situation must be detected by a scheduler, and processor resources must be re-
allocated to the other runnable parallel processes. It is proposed that the implemented

network preemption technique is applied for detecting idle state of a parallel program



execution. As a result of the time sharing scheduling overhead of less than 4 %with a
100 msec time slice, and this proposed idle detection mechanism, it is shown that an
interactive parallel programming environment can be realized on parallel machines.

From the viewpoint of job scheduling, scheduling scheme based on time sharing
scheduling is required to take account of parallel machine characteristics. In this pa-
per, a “time space sharing scheduling” technique, called “Distributed Queue Tree,”
is proposed. The proposed time space sharing scheduling is evaluated and compared
with batch scheduling techniques so far proposed. It is found that the proposed time
space sharing scheduling technique exhibits the same performance with the best batch
scheduling.

It is concluded that a time sharing scheduling based on gang scheduling on a parallel
machine can realize an effective interactive parallel programming environment with a
small sacrifice of scheduling overhead. And a time space sharing scheduling based on
time sharing scheduling exhibits almost the same performance with the best batch
scheduling. Consequently, it is expected that time sharing scheduling will also be

popular on parallel machines in the future.
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1 while (!(buf = allocSendBuf(len))) {
2 receiveMessages(Q);

33}
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3 if ( --spin ) {
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5 } else {
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8 sleep_until_recv_or_send();
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0 7.1: DQT OO
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0 7.1: TAPOOO

Policy WF = 0.368 WF = 0.793
Util. | Max. TQLB | Util. | Max. TQLB
MAX  |0.366 4 0.768 10
MIN | 0.366 5 0.775 8
APA  |0.366 3 0.777 8
FF 0.363 7 0.768 8
FF & APA | 0.366 3 0.776 7
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