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Energy-efficient Scheduler with Adaptive Performance Prediction
and Performance Optimization
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This paper describes the implementation and evaluation of an energy-efficient Linux sched-
uler using adaptive statistics of performance. The scheduler examines relationships between
the performance and hardware counters using regression analysis. The relationships are deter-
mined via executions of benchmark programs for each computer environment. Additionally,
the scheduler executes each process with suitable voltage and frequency by adaptive perfor-
mance prediction. Furthermore, we designed and implemented of “feedback system” that
revise an error between the estimated performance and the real performance to achieve more
energy efficiency. The performance threshold is established using real-time, therefore the
scheduler is able to apply for soft real-time system. Evaluations show that the performance
prediction reduces 17% of energy in a CPU benchmark, and the performance prediction with
the feedback system reduces 47% of energy in an I/O benchmark, and 23% of energy in a
CPU benchmark.
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Fig.1 The architecture of DVFS scheduler.

gobooooooooboooobbooobooboooon
goboooooooo

3.2 0DO00O0OOOOOOOD

goooooboooooooooooooooooo
goooboboooooooooobooooooooo
goooboooooooooooobocoooooooo
goboboooooooooobobooboooooo
00000000000 0000000 LinuxO00O
ooboooobobooob10000

goboooooooooooooboooooooo
gboboooooobooobooooobooooooon
gooooooooboooooooboooboonoooo
goooboboooooooooobooooooobo
gobooooooooooooooooooooono
gooooboooooooooooooooooooo
goooboooooooooooboooobooooobooo
0000000000oo0o0000 bvFSOOO0OO
goooooooooooooboooooooboooo
OO0 DVFSOOOOOOOoOOoOOoooooooo
gooooooooooooooooboooooooo
goooooooobooobooooooobooobooo
gooobobooboooooooooboooooooo
goooobooooooooobooboooooooo
gobooooooooboooooobobooooooo
gooobooooodooooooooooooboooo
goooobooooooooooooooooooo
gooooboooooooooooboooooooo
gooobooooooooooooocooooooo
gooooboooooooobooobooooooooo
gooobooooooooooobooooooooo
gooooooooooooooooooboonoooo
gooobobooooooobooboooooooooo
gooobooooobooboooooboooooobo

gobooOoooooobooooooooooobooonoo
g0ooooooo bvkSOOOoOoOOoOOOOoOOOOO
goooooooooooooo cpuboOoOoOOO
oooo
bobooooboooooooooboooooooo
gbobooooooooooooboobooooooboa
goooooooooboooooooooOooooboa
gbobooooooooboooooooooooboooo
gboobooooooooboobooooooobooooo
gobooooboooooobooooboooooooboooo
goo0o0oooo0o0oo bvkSOOoOoOoOooooo
gooobooooooooobooboooooooooboo
gobooboooocooboboooboooooooooo
gobooooooooboooooooooboooo
gboboboooooooooooobocoooooboooa
goooooOoOoOooooooOo bvESOOOOO
gbooooboooooooobooocooooobooa
goooooooooooooooooooboboboo
goboboooooooobooobooooooooo
gobOooooobOOo0O0oooOOoOoobooDooOon set-
threshold 000000000000 O0OOOOOO
000000000000OonO setdvismode OO
goboooooooooooobooooooobooo
goiboooooooooooobooboboboooooo
o000 Ibo -1000000000000000
gobooooooooooocoooOoooooobooa
goooboooocooooooocooooooooo
gooooobooobocoool1000000000
gobOooooooooooobooooboooooo
gooooooooobooooooooobooonoo
000000ooooooood CAP.SYS_.ADMIN
gooooobooooboooooooooo
oooooooO00LinuxO0O0O0D0OD0O0OO0O00OO



24 goooOoOoooOo0oooooooooboboOoooo

01 000oooooooooooag
Table 1 Options for DVFS scheduler.
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Fig.3 The state diagram in energy-efficient mode.
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Fig.4 The learning algorithm for performance prediction.
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Table 2 DVFS scheduler specifications.
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Fig.9 Performance error results of multi-process.

80% (-1 - |- - A G %1 [@206Hz
1.86GHz
71 |m1.73GHz
_||D1.60GHz
©1.46GHz
,,,,, - |- |B1.33GHz
©1.20GHz
| m1.06GHz
008GHz

60% (-1 fee-ef o]

L I e I

BRI S

20% (-1 fe--f [

|18

1 2 3 4 5 6

2 6 6
(IRT)  (1IRT)  (5RT)
RHRTIOERKGEARDRT: S5AMVETOLRH)

010 O000O0O0O0OOOOOOOOBOOOOOOO0
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