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A Hierarchical Scheduling Scheme
for Large Scale Heterogeneous Environments

MasAKI MaTsuMoTo,f! SaTosnr KaTano,1+1
TAKAHIRO SASAKI, T KazuHiko OHNO,T!
Tosuio KoNpo'! and HIROSHI NAKASHIMA 2

We are developing a task parallel script language MegaScript for parallel pro-
cessing on large-scale widely-distributed environments. To achieve high perfor-
mance, MegaScript requires a scheduling scheme, which efficiently schedules

dependent tasks to a heterogeneous environment. However, the scheduling
overhead of existing static schemes are too large, and dependency among tasks
reduces efficiency of simple dynamic scheduling schemes. Therefore, we pro-
pose a hybrid scheduling scheme, which uses multiple schemes. To reduce the
overhead of static scheduling, we use multi-layered schedulers: the upper layer
makes rough global scheduling, and the lower layer makes precise local schedul-
ing. We also use dynamic scheduling scheme to compensate the effect of dy-
namic change of the system performance. The evaluation of our scheme using
abstract simulation achieved 7—10 times speedup using multi-layered sched-
ulers. The scheduling time of 10,000 tasks/1,000 hosts was approximately 1/44
compared to a precise single scheduler.
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Fig.1 Example of task network.

goboooooooooooobooooboooooboono

MegaScript 0000000000000 OO0000O0O000OQO TaskdStreamO OO
000000000000000/00000000000000000000 TaskArrayl
StreamArray 000000000000 /00000000000D0O0OOOOOOO0
oobooooooooooooo

2.1.3 DO0O0ODOOOOOO

MegaScript OO0 0000000 DOOOOOODOOOOOOOOOOOODOOOOOOO
goo0obooO0oooDoO0ooboobobOO00nbo0DbOd gendataJODOOOOODDOO
oooobbod simO00 101000000000000000000000000000
0000 plot0000O00D0O0OO0O0O0O00O0O0 composited 1000000000
goooodoooboobodoooooobor100ooo0ooooOoo0obooboboooboOoooobooOoon

000000000000 20000000000MegaScripp000000000O0O
booooboboooodoooobboo0doooubbOCceonnect0OO0O0O0O0O0OOOOO
bobb0ooobooooboboOdUObcreated 0000000 oooOOoOoOoOoOoOoOoOoOO
0000000000 scheduleD OO OOO0OO0OO0O0OO0OOODOOOOOODODOO
goboooobooooboooboooooooooboooooooon

214 0O0OO0O0OOOCOOOCOO

gobooboooooooooboboooooooooobooooooooocooooooboo
gooboobooocooooboooooboooooobooobOboOoboOoooboOoOooOoon

(© 2009 Information Processing Society of Japan



3 ODO0O0O0O0O0O00ooooooooboo0oOooooooooboOoOoooo

N = 1000

tl = Task.new("gen_data")
t2 = TaskArray.new(N, "sim", 1..N)
t3 = TaskArray.new(N, "plot")
t4 = Task.new("composite")
sl = Stream.new

s2 = StreamArray.new(N)

s3 = Stream.new
s1.connect(t1, IN)
sl.connect(t2, 0UT)
s2.connect (t2, IN)
s2.connect (t3, OUT)
s3.connect (t3, IN)
s3.connect (t4, 0UT)
tl.create

t2.create

t3.create

t4.create

sl.create

s2.create

s3.create

Scheduler.new.schedule
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Fig.2 Example code of task network.
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input (1)

FOR @argl[0]
compute (100)

END

output (10)

03 OJ0oooooooooo
Fig.3 Example of meta program.
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Fig.4 Hierarchy of host groups.
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Fig.5 Hierarchy of schedulers.
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Fig. 6 Pipeline parallelism.

00000000000 0oo0o00o0o0oO0o0o0oo0o0ooooooooobAGODOO
odoo0ooOoooUoOooOooOoUooOUOoODOO0ObDOoUObDOUOO/O00OUDOOOOO
gbobooooooobooooboobOoO0OOOOOObOOUObOOOOOODOOOObOOODO
oo

4.3.1 OO000OO0OOOOOOOOOO

000 DAGUOUOUOODOOO0O0O0O0OOO 6(2)00000000O0O0OOODODOOO
gooooooobboOoobooooooooooooobbObobOOob0ooooooo0oooooo
0 MegaScript 00 0000000000000 00O00O0O0O0OD0O0O0O0O0OOOOO 6(b)
gooboooooboooooooobooooooobobooooooboooobooobboooDoo
gooooboooooooobooooooobooboooobooOobo0ooboooboooooooboob0oOooo
gobooooboooooboooooooooboooobooooo

goooooooooooooooobooooooobobooooDboooooDoD
gooooboooooooooooooooooooboooooooobooooooooDoo
0000 MegaScript 00 0000000000000 000OO0O00O00O0O00O0O0O00O0OO
gooobobooooooobooooooooboooboooobo0oooooboOoOooooon
oo

goooboooooooobcooooooOoooooOoobooobboooDboboOoooDoon
ocoooooooOo0ooooOo0O0ooooOO000obobOOob0bOoO00000000002.140
00000000000 MegaScript0 0000000000000 OO0OOOOOO0OO
gobooooboooooooboooobooooo

goooooovobooobooobooboobobooboooboooboooooOoooDoo
oob0Oo0obO0o0o0O0cOob0bCO0bO0Od inputU output OO OOOO0O0OOO0OO 40
gobooooboooosmuoooooooooooobooooooooboooo 100
oooooobooobooboooo

(© 2009 Information Processing Society of Japan



v O0O000ooOoO0oO0o00oooOoOOoO0O0CoOoOoOO0OOoOOOOOboOOO

input(1)

FOR @arg[0]
conpute(50)
output(1)

END — wM -7

07 ODOoOoooooo
Fig.7 Example of outmost loop.
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Fig.8 Task classification detecting pipeline paralellism.
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Fig.9 Hierarchy of task groups.
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Table 1 Attributes of homogeneous environments.
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Table 3 Speedup on homogeneous environments.
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oooooo 0 10 100
RS OO 1.0000 | 0.8529 | 0.4774
RS OO 1.4740 | 1.1648 | 0.6208

05 O0000O000O0O00OD0O0ODOO0ODOO
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Table 6 Speedup using hierarchical scheduling and RS.
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Fig.12 Task network for accuracy evaluation.
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Table 7 Small environment for hand-scheduling.
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Table 8 Time ratio to optimal scheduling.
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Table 9 Scalability of CPU usage.
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Table 10 Scalability of static scheduling time.
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