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Real-Time Dynamic Voltage and Frequency Scaling
for Prioritized SMT Processors

KEI FUJIL, ! HIROYUKI CHISHIRO2
and NOBUYUKI YAMASAKI™

Current embedded and real-time systems require not only real-time capabilities but also
high throughput and low power consumption. High throughput is mainly achieved by par-
allel architectures such as SMT and CMP, and low power consumption is mainly achieved
by Dynamic Voltage and Frequency Scaling (DVES). In this paper, we present a DVFS
algorithm called Hetero Efficiency to Logical Processor (HeLP) which can reduce power
consumption simply and effectively in prioritized SMT processors. We also present Het-
ero Efficiency to Logical Processor with Temporal Migration (HeLP-TM) which applies
the temporal migration technique to HeLP. Simulation results show that HeLP can reduce
power consumption effectively and HeLP-TM is more effective than HeLLP.
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Fig.1 Example of SMT execution.
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Fig.2 Example of HeLP execution.
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Fig.3 Before Temporal Migration. Fig.4 After Temporal Migration.
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Table 2 frequency and Voltage.

f \%
025 0.83
0.50  0.90
1.00  1.00

V(fpioooooooooooooOoOoOoOo f,00000000ooooag EJO-pI]DD
oooo

E = cv (£ ©)

O0oLp, 000000000 /000000000 N,;00LP, 00000 ¢,000
ooooooo

Nin,j = em X An(f}) (10)
00900001000 00000000000000 E,O0OO0O0DOO
Eys=Y Y NujxE}’ (1)
mj

00000000000000000000000000000000000000 E¢mp

gO0O0O00PowerRatiod OO O OO0
PowerRatio = Egys [ Ecpp (12)

000000000 PowerRatio OO O OO

52 O000OOOOOOOOO

521 000O0O0OOOOOOOOOOO

Unax =0.50Upiny =0.01 00000 Uy O [0.05,1.70) 00000 00500000000
DVFSO0O000000000000000 PowerRatioOO 50000 000000 1000
000000000000 00ooO0o0o0O0o [0.05,0.25100 300000 PowerRatio O
000000000000000000000000 25000 100000000 25%0
000000000000 LAO000000000D0DO0OO000000O0OO0O0O0O0O0O0O0
0000000000 PowerRatiod no-scaling 0000000000000 OOOOOO
000000000000 00000000000000000000000000000
O000O0OOOnno-scaling 0 0000000000000 ODODODOOOOOO

O00S50000000HLPO000O0O0O0OOO0OOOOOOOOOODO PowerRatio O

Vol.2010-SLDM-144 No.60
Vol.2010-EMB-16 No.60
Vol.2010-MBL-53 No.60

Vol.2010-UBI-25 No.60
2010/3/28

PowerRatio
A
.

0 mEEEE

P E P E DS PEE PP E

System Utilization(%)
[t b

T — e |

05 Unar =050 Upin = 0.01
Fig.5 Upax =0.50 Upin = 0.01.

PowerRatio

R R IR IR IR RIS

System Utilization(%)
—e—HelP —=—HelP-TM

HeLP-TM-guarantee

06 Upe =0.50 Upip = 0.01
Fig.6  Upax = 0.50 Uy = 0.01.

0600000 6000000000000000000000O0OO0 HeLP-TM-guarantee
0HlPOOOODODOOOOOOOOOOOOOOOO0O0O0OOOOOHeLP-TM-guarantee
00 HeLP-TMOODOOOOOOOOOOOO000000000000000000000
0000000000004220000000000000000000

522 100000000000000000

Uorat = 1.150 Uppin =0.01 D000 O Upee 0 [0.1,1.0) 00000 0100000000
DVFSO0O0O0O0OO0O0O0O0O00000000 PowerRatio 00 70000 1000000 uti-
lizaion 000000000000 OO LPOOOOOOOOOOOOOOOODOO0000O
000000000000000000

000 70000000HLPO000O00O0O0OD0D000000O0O0O0ODOD PowerRatio
0080000 100000000000000000000000000000000

(©2010 Information Processing Society of Japan



IPSJ SIG Technical Report

PowerRatio

10 20 30 40 50 60 70 80 9 100
The maximum utilization of one task(%)

e rer——— e |

0 7 Ut =1.150 Uy = 0.01
Fig.7  Upta = 1.150 Uiy = 0.01.

PowerRatio

10 20 3 40 5 60 70 8 90 100
The maximum utilization of one task(%)
—&—HelP. —8—HelP-TM HeLP-TM-guarantee

08 Ut = 1.150 Upin = 0.01
Fig.8 Usgrar = 1.150 Upin = 0.01.

goboboooooooocoooboooooooooooboooooooooooooooa
Uoo0b00000000HeLP-TM O HeLP-TM-guarantee J HeLPO OO OO OOOOOO
goboodooooooooboooooooooobooooooobo LpoobooOOO
goboooooooooooobobodoo rpoboboooooboooooboooooonoag
0o0b0000000000000HeLP-TM O HeLP-TM-guarantee 0 HeLP O OO O 00O
ooooooOoboooOoooroooooooobobooon0oO0oo0n00 HeLP-TM-guarantee [
HelpOOOOOOOOOOOODOOOOOOOOOODOCOOOOOHeLP-TM-guarantee [
O HelP-TMOUOOOOOOOOOOOOOO0OOOOO0O0O0O0OOOO0O000O0000
oooooooooono422000000000010000000000000000O
gooogo

Vol.2010-SLDM-144 No.60
Vol.2010-EMB-16 No.60
Vol.2010-MBL-53 No.60

Vol.2010-UBI-25 No.60
2010/3/28

PowerRatio

30 40 50 60 70 80 90 100 110 120 130 140
System Utilization(%)

T e —— e |

09 Upex = 0.50 Uy = 0.26
Fig.9 Upgx = 0.50 Upin = 0.26.

PowerRatio

oooooooooooooooooooooooo
mmmmmmmmmmmmmmmmmmmmmmmm

System Utilization(%)
—e—HelP —=—HelP-TM

HeLP-TM-guarantee

010 Upge = 0.50 Upin = 0.26
Fig. 10 Upgy = 0.50 Ui = 0.26.

523 100000000000000O0O0

Unax =0.50Uppin =026 000D 0OV O (030,145 00000 00500000000
DVFSOOO0O0000000000000 PowerRatioOO 90000 090000000
HelPOOOOOOOOOOOOOOOOOOOO PowerRatioD O 100000 Uy = 1.150
Upnin=02600000U,, 0 [0.1,1.0000000 01 00000000DVFSO00ODOOO
0000000000 PowerRatioOO 110000 0 11 0000000HeLPOOOODO
000000000000 000 PowerRatio DO 120000 OOODO DO no-scaling OO
00O HeLPO HeLP-TMO HeLP-TM-guarantee 0 J 0 0 0000000000000 0O00O0O
0000Uw,=0.01000000000HeLP-TM O HeLP-TM-guarantee J 000000
oo00ooo0oo0oo0obOoL; 000001 0000000000000 O000O0
oo0ooo0o0oo0oooo0oooo0ooO0ooooooooooLPO0OOOUOOOOO

(©2010 Information Processing Society of Japan



IPSJ SIG Technical Report

1005
100 [—— —
995

99
985 ——

98 —
975 —"

97
965

PowerRatio

955

50 60 70 80 90 100

The maximum utilization of one task(%)

T e ——— o]

0 11 Uy = 1.150 Uypiy = 0.26
Fig. 11 Usprr = 1.150 Uyyyi, = 0.26.

PowerRatio

50 60 70 80 90 100

The maximum utilization of one task(%)
[ —+hetp —#—HelP-TM HelP-TM-guarantee

0 12 U = 1.150 Upiy = 0.26
Fig. 12 Uyprar = 1.150 Uy = 0.26.

gbooooboodo HelpOOoOooooooooooooooo
6. O O

oo0ooooooooo sMToOOOO0OO0OO00O0O0O00O000000O0000000O0
DVES 0O 0 0O O O OHetero Efficiency to Logical Processor] HeLPUOO HeLP-Temporal Migration
OTMOOHeLP-TM-guarantee 0 0 0 0 0000000000000 00O0O00OOO0OOO0O
O0O0O0OHeLPOOOOO LPOOOOOOOOOOODOOOODOO no-scalingdD 00000
0000000000000 oo0o0ooO0 30000000000HeLP-TMO 0000
LPOO0O00OO0O0OO0OO0O00O0O00O00O0 HeLPOOOOODOOOOODOODO OO OHeLP
Oo000ooo025%0000000000000000000000O0000O0DOOO
oo0oooooooo0ooooooooo0ooooo0oooooooooooooo

Vol.2010-SLDM-144 No.60
Vol.2010-EMB-16 No.60
Vol.2010-MBL-53 No.60

Vol.2010-UBI-25 No.60
2010/3/28

goboooooooooooobooooboooooooboooooooon

00 OO0OO000O0OO0O00000CRESTOOOOOOOOOOODOOOOODOOOOO
gboooboooooooooooooooooOoobO coEDbOnonooooboooononnoo
goboooooooooooooooboboooooobooooooon

o o 0O d

1) Burd, T. and Brodersen, R.: Energy Efficient CMOS Microprocessor Design, In Proc. of the
28th Annual Hawaii International Conference on System Sciences, pp.288-297 (1995).

2) Tullsen, D.M., Eggers, S.J. and Levy, H.M.: Simultaneous Multithreading: Maximizing On-
Chip Parallelism, the 22nd Annual International Symposium on Computer Architecture, pp.
392-403 (1995).

3) Olukotun, K., Nayfe, B., Hammond, L., Wilson, K. and Chang, K.: The Case for a Single-
Chip Multiprocessor, Architectual Support for Programming Language and Operating Sys-
tems (1996).

4) Liu, C. and Layland, J.: Scheduling algorithms for multiprogramming in a hard real-time
environment, Journal of the ACM, Vol.20, pp.46-61 (1973).

5) Pillai, P. and Shin, K.: Real-Time Dynamic Voltage Scaling for Low-Power Embedded Oper-
ating Systems, In Proc. of the ACM Symposium on Operating Systems Principles, pp.89-102
(2001).

6) Zhu, Y. and Muller, F.: Feedback EDF scheduling exploiting dynamic voltage scaling, Pro-
ceedings of the Real-Time and Embedded Technology and Applications Symposium, pp.84-93
(2004).

7) Yamasaki, N.: Responsive Link for Distributed Real-Time Processing, Proceedings of the
Innovative Architecture for Future Generation High-Performance Processors and Systems,
pp-20-29 (2007).

8) Yamasaki, N., Magaki, I. and Itou, T.: Prioritized SMT Architecture with IPC Control
Method for Real-Time Processing, Proceedings of the 13th IEEE Real Time and Embedded
Technology and Applications Symposium, pp.12-21 (2007).

9) Kato, S. and Yamasaki, N.: Scheduling Aperiodic Tasks using Total Bandwidth Server on
Multiprocessors, In Proc. The 6th IEEE/IFIP International Conference on Embedded and
Ubiquitous Computing, pp-82—89 (2008).

10) Andersson, B. and Jonsson, J.: Fixed-Priority Preemptive Multiprocessor Scheduling: To
Partition or not to Partition, Proceedings of International Conference on Real-Time Systems
and Applications, pp.337-346 (2000).

11) Spuri, M. and Buttazzo, G.: Efficient Aperiodic Service under Earliest Deadline Scheduling,
Proceedings of the IEEE Real-Time Systems Symposium, pp.2—11 (1994).

(©2010 Information Processing Society of Japan



