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recent years, and the demand for power saving of datacenters is particularly
increasing. Online transaction processing (OLTP) is one of main important

|:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| applications on data centers and OLTP becomes a key technology for social in-
frastructures such as e-commerce, e-trading and so on. Thus, for saving power

1 1 of data centers, power saving of OLTP on large number of servers is an essential
Dynamlc VOltage and Hequency Scallng D challenge. Because its power saving is difficult due to strong requirements on
D |:| D |:| D D |:| D |:| D |:| D |:| D |:| D |:| D |:| performance and availability, few solutions have been proposed so far. In this

paper, we proposed an application-aware power saving method using Dynamic

Voltage and Frequency Scaling (DVFS) of processors for OLTP. Our method

i i1 enables runtime power saving by using DVFS, and exploits runtime perfor-

U L 0 0 H 0 U 0 mance information of applications for saving power as much as possible under
00 000 11 00 0O 0 t1 a given performance requirement. We conducted experiments to evaluate the
effect of our power saving method with TPC-C and real-world workload. As a

result, 10.0 W (6.4% of total) was saved by using response time oriented DVFS

policy, and 11.8 W (7.5% of total) by throughput oriented DVFS policy.
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Fig.1 A transaction processing model of a database server.
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Fig.2 A relationship between transaction arrival rate and performance of OLTP.
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Fig.3 DVFS control architecture for application-aware power saving.
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1 Rin /I response time constraint

2 R_up_ratio /I threshold for raising frequency . R_up_ratio <1

3 R_down_ratio  // threshold for dropping frequency . R_down_ratio < R_up_ratio < 1
4

5 function RT_based_policy(response_time){

6 if (response_time > Ry * R_up_ratio)

7 raise_frequency|();

s else if (response_time < Ry * R_down_ratio)
9 drop_frequency();

10 }

04 000000 DVFSOOOOOOOODO
Fig.4 A pseudocode of response-time-aware DVFS control policy.

0000o00o00obO0o0o0DbOoo0oDbOoooooOobOoOoD
0 < R_down_ratio < R_up_ratio < 1

O000Rwpratio OO0 O0D00DO0O0O0ODODOOOOODOOO Ry OOOODODOOODOO
00o000b00Db0ob0O0b000b00ORw-ratio 0O 0ODOO 1000000DODOODO
o000 ooooo
0000000000 Db000O000000 Ruaup-ratioD 10000000000 R O
00000000000 D00000D00DO0O0D0000000DbO0O0O000O R_up-ratio O
lgoboobodboobbooobobobooboboobobooboobboobboono
ggo

O000R_up-ratiod R.down-ratzo 000000000000 0ODOOOOODOOODOODO
00000000 R-_down-rattio 000 Rup-ratio 00000000000 DOOODOOOO

O Rdown-ratto 00000000000 O0O0DODOOOOOOOOODOOOOOOOODODO

gbobooboooodooocobooooboooobooOobOoOoboOobOoOooOoboboOoDo
gooobooooooooooboobooooobooooobOooOooooboobooooboobo
OO0b0OO0OOoOO0O0oO0oooOOoOoOOOODbOObOOO0Rdown_ratioD OO OOOODODOO
gobooooooooboooooboooooOooobooboooobooooooobooooooon
24.2 00000000 DVFSOODO
ooooOOopoooO bvkSOOOOOOODOOOODOOOOOODODOOOOOOOOOOD

000000000 000000 Vol.4 No.2 61-73 (July 2011)

1 Tip /I throughput constraint

2 overspeed_ratio /I threshold for detecting overspeed
3 cpu-busyg I <1

4 cpu_busy, /I < cpu_busy, < 1

5 cpu-busys I <1

7 function TP_based_policy(throughput, arrival_rate, cpu-usage){

s if (throughput > Ty * overspeed_ratio)

9 drop_frequency/(); I (A)

10 else if (throughput > Tiy)

11 if (cpu_usage < cpu_busyy)

12 drop_frequency(); /I (B)
13 else

14 if (arrival_rate > Tyy)

15 raise_frequency/(); /I (C)

16 else

17 if (cpu_usage < cpu_busy;)

18 drop_frequency/(); /I (D)
19 else if (cpu_usage > cpu_busy,)
20 raise_frequency/(); /I (E)
2}

05 00000000 DVFSOODODOOOOOO
Fig.5 A pseudocode of throughput-aware DVFS control policy.
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Fig.6 The results of basic performance measurements.
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Fig.8 The results of experimental evaluations with OS-level DVFS control.
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Fig.9 The results of experimental evaluations of application-aware power saving with real-world
workload.
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