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Linux Process Scheduler for Power Gating Control

with Consideration of the Power Characteristic
of Functional Units
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This paper describes Linux Process Scheduler to reduce leakage power of a
processor by controlling a fine-grain power gating of the processor. The conven-
tional power gating control technique cannot fully reduce electric power because
threshold value of PG is fixed and not adapted to the program behavior. This
paper aims at the leakage power reduction by changing the PG threshold value
according to functional units and temperatures. The algorithm is implemented
on Linux Process Scheduler. As the result of this method, Leakage power of
functional units was reduced by a maximum of 15.5% compared with the con-
ventional technique. And leakage power was also reduced by a maximum of
35.4% compared with previous method.
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Fig.1 Electric power transition of power gating

Vol.2012-0S-120 No.4
2012/2/28

2.2 NU—%—%4>ﬁﬂm4>971—x

Zat vV OBAHFICIEL, BAICAF L7225 BEP L0 EWHIEO R Y — 7 % il
TR L. war(iﬁﬁm SRR RN T = —=F 4 Ty 7 N7 =T B
FTHHEE LT, RU—F—=F 4 VIV A X 20 UCHIT 2 HiERSH 5. ST —
F—=T 4 TRV AZ EHWT, 42 =y FEAENIZH L TR 2ITR-TAY —F R Y
SEMENAEESIEEET DS E TR —F 4 VTR EIT) 2N TE 5.

3. NI—H—F 4 U5HETFE

ARFFETIE, Linux 7BERZAZ V2 —F12BWT, BAMICERF]E 725 2 ) —7 %
T5E93K2D Geyser DRV —TRY V&HFIHTHZ L2 Lo TEAHKEITS. KREIT
X, VAT AOREERL, BORMG VICHNS BEP I 2%, BIUOHE2=y b &
ONREE Z LG U2 B A R E T 5 FiEIC DWW TR~ 5.

3.1 2 ER

Linux IZ X 2T =7 —7F ¢  JHIHO 2R ER 2 1237, NU—F—F 07D
HEA 2T =2—RE LT, XU =T 4 T DAY —THHES ekt /7 4 —~
VAIT LR, RO—=HF—F ¢ TV AR, REF AL ABNEFEIET S, HIAERE T
Linux 7B RARAFZr 2= NOBEEL LT, 7 RARA 7T a—1 U TORICEORHER
5. ZHRIZKY, TaBADXA LARATA AT EONRNT—F—F 4 T HlEEERT 5.

&1 KGia=y - HECETS BEP (87 : %1 7 1)
Table 1 BEPs at each units/temperatures

25°C 65°C 100 C 125 C
ALU 124 38 18 12
SHIFT 160 50 22 14
MULT 118 44 44 34
DIV 58 14 6 2

£ 2 Geyser DAV —TKY vDO—E&
Table 2 The list of sleep policies
£ HhiE
BOAT—5—T 127 7% OAIRLE PG %17 5
Xy aIRABR)—T | @ PG #1ThR0A, vy aIAREROL PG #175.
BIZTFOT14D PG z—1fTH 720

(© 2012 Information Processing Society of Japan



1 LB R T
IPSJ SIG Technical Report

LinuxZ7Bt€RR5¥a1—5

——— PGHIHEE ————
BE% -
BEP =z | SAE O+x
BEPEUS > Do s RO —T sl 25T F Rk
I RUVRE
BEPSRE| | s e —
1 B{EEE BE%7€$ FARINYF v
= 21)—7 Z1—7 _
RETER A Hys Linuxa—=JL
N—KRx7F
BE RTF—TUR K)—H—F 425
TINAR hoos HEL R
Geyser

2 RU—F—T 4 THIEOMR
Fig.2 Composition of the power gating control system
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Fig.3 The algorithm for sleep policy decision
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Fig.5 The BEP-miss-rate/leakage-power
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SHIFT 23.5 31.8 49.7 35.8
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Fig.8 A sleep distribution by Sleep-by-Cache-Mistake Policy
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Table 5 Power gating judgements of SHIFT unit based on thresholds
T R IR SN, FEERETTO IFyyvaI AR Y =7 RY CEHREOENL, THIZT 7
25°C 65°C 100°C 125°C | 25°C  65°C 100°C 125°C T4 7] WY URHIHART, 25 COBREET 3.3%N L, 65 CLLEDBREE T 2.9-11. 7%
74 v27Y—F | miss hit hit hit hit hit hit hit L7z, L7=23o T, 25 CERETOR W7 77 471 AV U Zmfd 2 oixdE@u 2 pkrc
T A s S Y, CPU D2 b— I & BEP & BV CHIET 2 AFERAD ThoT- L EZBIS.
Dhrystone hit hit hit hit hit hit hit hit ’
LA I AT hit miss  miss hit hit miss  miss hit 5.2 ROFIT—IDEHY—HEN
o e me | e iz, 597 (VAT = LU T £ =) WA S 5
FFT miss miss  hit hit hit hit hit hit WFEEIT 7. 25 CRBLN65 CERE T TO SHIFT 0V —7EH2KE 912, &E2=y
Whetstone hit  hit  miss  miss | hit  hit hit hit FOY =2 ENEEL0ICFT. WIRbART =5 —F ¢ T HIEE LR (ST ——
T4 T EIToTREE) % 100% & LImE AR LTS,
b Tz —2% [hit], BUENFEAEL W or—2% [miss] Td SHIFT @V —2 &%, U =5 =7 4 > 7 HIfE LI~ TR T 17 4%H18 T & 72,
TERFIETIE, 74y 7Y —hF XA 27 A7 - Blowfish - FFT - Whetstone (23T 74 v Y— b {THIHE - Dhrystone * FFT {22\ Tidd K 5.6%DHIRIZ & EF 7223,
RHIENRAEL TV, —F, BEFIETIE, 74 v 27 Y— b - FFT - Whetstone OF2¥| INBDOXRF =T THRERT — =T 4 VT RATH T BHEY TH 1270 TH D.
ExEPIEL, ELWHEZITZA2ZEE2EBI L. ZhICkY, BRHERREET L —A IO F =7 TTENERESHET 52 LR TE, LBy MV b (25
Z 62.5%HIK T& 7z, Lo L, ¥4 27X M7 K0 Blowfish TIERRHEN K- 7. 21X C) T TLT%DOHNE A ER LTz, £z, 1ERFiEL OHERTIE, U —27 %% ¥ 9.2%H)
Blowfish (125 C) 122\ CiL BEP I AN 62% itk & 2> TRV, KKNSU—F—F 4 WTEIz. & IIERTETHRUERKEL TV A v 7 VY — b BLOFFT 220\ TU,
T EIHITRETRWITE DD S TGl N & LT HRRHENR LI TUV e, 3.4-65.6%DHIMZ #ER L7z, ZiuE, ERFETRHEEICL VEDR 3.5-65.7%H L T
RERTIEOBETIEL, ALU OBEICEGbE T 8RO EME ATV e, ZhiEk4 0 WEbLDE, ETHEICE > TELWHERTE S L9k ole 2 & TEAHOBEMARIE
ALU OBEIZIEVETH Y, ZOdiEkFELZ VTS ALU IZBW TITREHIEIT /R 2 TEREOTHD. FINLSTH, ERFIETIIITIIEA (25 °C) B LT Whetstone
7o. L L—FTSHIFT ORfEIZRE < £7Z2-> Tk, SHIFT OEIRHEITHIES L7 (65 °C) TEANPEML Wb DE, BEFIEICLVEIEMEZIHEI T2 &N TEk.
EE W22 &T, R5ITTR LR I ITIERFIBEICHATRREELHINT 5 Z & Ico7edi- EEa=y FOY—ZEITIE, NT—F—T 4 2 T LI TTREY 7.3%,
TebDEEZLND. LEN-T, BELZHAL=y M JOIREITS U TER T L ARE FIFHE (25 C) 1220\ Tl 35. 4%0)) JENEART DI ENTE . [THIEECTE 7775>
FIRIEH ThHoTEEX5. K& HIETE2DIE, MULT IZxF U THIEZIE L <fThoi4L, EIHNCAFIIR T — 5 —
—7, BHENFESRMBICOWTIE, V—27 8% BEP I AENLRDHEE L, R TA TSN TH S, F, ERTIELIEL T 25 CFORTONCFv—
b 0 ICED OAENRREAET D0 215720, Blowfish O TF 213 BEP I 2RO 7 T 2.2%, WK 81%D Y — 2 B HHIT 52 LN TE, 65 CORBRKTHITFIEEA
fE% T0O%RREICT 2 2 & CRHIEERIET 2 Z &N TE 50, (RICHIfEE 70% & Lica, BELOFFT T 4.1-15.5% 0 HE A ER LTz, ERFIETITEIMEMLTW=s 1 v
V—27 %) DOEFENZ BEP I AFEP/NIDITHDIE Y M T v MIBWTEOEMARE S 7V—hF (25°C) BLOFFT (65°C) IZ2W\WTh, MERFIELVENEZHRT L LNT
N5, BEP R AROBEOWEICH - > Tk, HEREEON LIz 4#H b BT 7.
LMENRHLEBEZBND. RREFIEIZE ST, EERFEIR &)07‘* MR ZAT 5 2 & CTEASEMT 5 ME] 2k
ft\ T, BEP & CPU DA h—/ LI O HIWTd 2 HRLE D — 57 —F ¢ v 7 & il L L2 EMTE. THTREFECLVBHELILT 2N TELLDTHDLEE X
FEICEATRERY =T R COHEE, 2TORVFv—27I1ZBWT, 25 COBRKET shvd. Fiz, %ﬂﬁ%@f\‘“/?vﬂ7 T, VDT 25 CRETICBWCEREAE %
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Fig.9 Mean leakage power of SHIFT unit
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Fig.10 Mean leakage power of all functional units
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