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Abstract

[/O Performance Regulation Method Considering Differences

in Hard Disk Operating Environments
Reiji Tani

Most of the programs running on the OS provide services to users by repeating
processor processing and 1/O processing. We have proposed a method to regulate
processor performance and input/output performance for user convenience. In this
I/O performance adjustment method, the allowable value, which is the number of 1/O
devices that can be accepted, is calculated and the number of I/O time is limited so
that it does not exceed the allowable value. In addition, the I/O processing time is
adjusted to a constant value by delaying the I/O processing until the target I/O time
is reached after the 1/O processing is executed. However, when there is a difference
in the behavior of input/output processing due to different operating environments of
hard disks, the conventional method may result in poor adjustment accuracy because
the allowable value is fixed. Therefore, we propose a method to monitor the results of
I/O performance regulation and to dynamically change the allowable value when the
accuracy of regulation is poor. The evaluation also shows that the proposed method can
precisely regulate hte I/O performance in multiple hardware operating environments,

and can calculate and maintain the optimum allowable value by the correction.

key words Operating System, 1/O processing, I/O Scheduling, Performance Tuning
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U3, ZLT, MEDOHEEICERS T, Tume VY T 5. ZOFAEMELEZED

RF LT, ZON—=FT 4 A7 BRET AR E R CEIMET 23F A EIcH
E$%. 22T, EHEFHOBELZ T, ABBEOKEL R, £35. Tyn, DT, i@
Y 5 FTICREENSR 70t 2D AMIVILEEAS n B4 U6, FFAE A OMEDORERT.

i

A=A— f( ama,Reg)

1 Tama >Tb7 R69>Rb

f(Tamaa Reg) = ~
0 kst
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5.4 HIfFEh25R

over time

Ideal time Real time
Tolerance time

—
wait
“““ t|me
margin time |
Tolerance time Ideal time
Real time

5.2 fEICXbd~v—T v

n
Tama = E Tover-i
3

7 HAH D A H 7R

n

Reg =

5.4 HAFIN B3R

AIAMEZ 1O N2 Z e cEAEO A TR & IS 2 FFEED HHEE S o BEm B A
e (DU, FFAMERE & IPSY) OICHET/O K 1 D00~ —Y U 35AET 2. 2D
=, FFAMER NN U TEBEO AR ARHEAERL TH, ~— I U DFET 5 2 & THAE
DAANRRH ETICHERTES. £/, "= F 74 A7 OFFRIEZ L ISERBE S WARZ
H,EICH, FFAMEO NIRE, DE D~ —Y VDREEZEZ 2 2 THIGT 5. v— ¥ ¥ ZfEfR

U CAH ARG 2 2GE 5 2 B2 X 5.2, FFEERE 2B H 3 202 KiTRT.

FPAMERE = (FFAME + 1) X5 1/0 K

Z LT, MES N RBERFFAEZ MRS 2 2 & TEWHFAERE & A MEReE A R
DA AN =Ty MRS 2. UEXD, "= F 71 27 OIEREITES L FFEE
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5.4 HIfFEh25R

ICHHIES 2 2 & TIHEENR 7 1t 20 A 2 2 — 3255k 2 ZR A I PERETHEBIT
5.

—J7 CHBBRZRFFAMICLEANT, AT 2FFEES NS 725138, AW 734 RICH
RIS AT AT RE 7R A TR DS S SN2 70, IERFIEL D AN ZALV—Ty F RT3

iz b.
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E6E

¥

6.1 AHITREZEDRE

AFEEE " FreeBSD Verll.2 1IT5E U7z, AFBEZ, FAEIRE L AL 1EREEH
TREAMNTANAL ZD BB FEETIEOCREIBETHS. DD, AT A
RBPWD TNA AR TANIHRBRED DD T 7 Z £7%xBIML 7. BEARINIZIE FreeBSD
D CAM EIZX 2 DREAF R FAMEMIEED 0 7o 22BN U7z, £z, FIHENER
AHTIHRERRRET 57201, LR AT 5 a— L EBML 7.

int set_iorate(int pid, char * devpath, int reg;orate)

pid &, 7ot X IDTHDH, flzidps a~Y F2HWEZ L TIETE 3. XIC,
dev_path i%, 7NA 27 7 A NRZATH Y, /dev ITRDTNA A7 7 4 VDI R B 4RE
T 5. ®EIZ, reqiorate 1%, ERAHNMEETH D, 1 ~ 100 DEEHRET 2. 0 2IEET 5
T TERAHIEREZ RRTE 5.

6.2 RELHREDHRE

9, FAMEMEETHEINITFAMBEET 7y b7+ —LTHWEN—=FT 1 27 DH)
TEBRBRICN L TIRGER A AMETH 2 Z e BEFE L. D F Wil a2 A L
D—EWHEL, 2O L TARNANLN—Ty P DPRRIKRZBEN D 5. 128, AL—Tv b
DAREXIIFAT 2HFFMEOK E XT3, FACN— KT 4 27 OFFREZ & O

HLFFAMEZ RS 72012, FFAMEMIEIRDEBRERE & L 1RO EFR 21T - 7.
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6.2 mIEZFFAMEDHRE

#6.1 FERERE

Environment PC1 pPC2 PC3
Processor 3.4GHz 2core/4thread 3.2GHz 4core/4thread
Memory DDR3 8GB
Partition GPT MBR
Interface SATA3.0 6Gb/s
1/0 device WDC WD1200BE WDC WD10TPVX Hitachi HDP72505

VS-22UST0 120GB 16JC3T3 1TB GLA360 500GB

#*6.2 RESRY
Request I/O performance | 10, 15, 20, 25, 30(%)

Allowance 2 ~9

FF, ISR OV CHIET 2. A MBS R K < AT X AR, H A
BRI BT 2 TR A TR & B A IR 23 ¥ RS e, SRR C AT 5.
Z 2T, BIEHTE 2] 1006, BB 11 R e T3

SERED A IR
BAH O A IR

{1

R —

R, FHEREICOWTHAT 5. £ 6.1 1RT 3EOFHEHKICOWTHE L 2. M7
07758 LT, 2GBDTFAMT7 7 AN LTI VR LdiAAA%Z 5000 A DR 3L
HERAWE 207070 % 10 0070t A TETEER. 774 V7 72 2ADOHE
M3 572012, 7RERAZERXTFA N7 ALZHELR. 100 7atxolN1 7u
L 2AEFENR IO R L, ABNR 0t ROERAHSMRE L R 2 FEMHEE R
6.2 DB OICZE(LE . RTOMAEDLEITH LT 50 BIERZIT- 7.

AEEBROMRE TN 6.1 1 RT. SFABERBEORELTAME L IECRFRC Lo TRIEE A
LEFREE ZHIR L7z & &, PC1 TIISER A NIMEREIC BT 2 Bl AP AEIZ R — 0 fE%

%\li
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6.3 RRETHEROIEBRSEM;

10

allowance

10 15 20 25 30

Request I/O performance (%)
PC1 A PC2 m PC3 x calc

6.1 w7 FFAE

RLTW3. PC2 T, ZERAHIIMERE 10%T 2, 20% T 1 34T 5. PC 3 TIXEK
AHIHERE 10%T 3, 15%T 1, 20%T 1 $NHEL S. ZOFER»S S, ERFIENN—F
FA4RA7 OFERRICY v F LEFFAREERATE TCORWI EIVRENS. ZORBREF
FEMIEDIEfRET — &2 ¥ LT, FFAMEMIEIE Rl 2 FAEICHIE T E T 2 205 Hili$ 3.

6.3 REFEDRRRMG

ARFARIED AN Z 5 £ AT X 20800103 6.2 ARICHBKBE CHMEi$ 5. 22
T, TRV, BOFAEREEZ 1.1 U e LTW5S. &n—F T 1+ X7 OBEIERRIEIC
BWT, Bl AFAMEICHIETE TV 32 ENIXEMRT — & & FFAMEMEOHR % ik LT
S 5. AN AL —T v M, BARE B 72 D112 OS AN TANA A0 5217 - 7z
AHHERDFE T @A (1/0 per seconds, IOPS) T3 5.

TICFHEIREEICOWTHIAT 2. 6.2 FAEICE 6.1 1R T 3 MOGHEMIC, AFHRELEH
381 7z FreeBSD Verll.2 ZEiff €. FHMlir w7 J 4 LT, 6.2 [k 2GB ©7 ¥ R
P77 AR LTI V&R LgiAAA% 5000 Bl D RTUHEEZH W, 2o vrJ L%

10 oD 7 at ATETERE. 774NV T7 72 RADBMEZRAEST 272012, a2 LI
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1

6.4 FREEFEE

*6.3 HE K~
Request 1/O performance | 10, 15, 20, 25, 30(%)

Accumulation time border 5 second

Regulation ratio border 1.1

FTEALNZ7ANEHELE. 10fHO 7t 20N 1 Fat 22 HFHBENR oLz L
AR R T a e R DESR A IERER 10%, 15%, 20%, 25%, 30% e Zlbx¥ 5. £/, &F
R ORIEZ 57, AEEEO/KEL 11U L. 2horR63ICEL DD, AE
R ERFIE L APFBEL TERZITS. BRI, WET—XOMILAEZRRS. N—TF
T4 A7 K74 TREAMNEREZITE > TRV &, BB IEDDITT 4 2
2 DEEEHRE Z KT X 7213MHE R EIEST 5. 20720, Fut 20#iE%IESE 1/0 R
BELBWGEENRDS. £/-70tvFDRT T a—1) Y7k ->T, 7rt 20K TR
WIELOENH L. —HOT AR T T2, AMNERDFETBO V2 R->TLE
5. FIT, TNHHEREL DI, 7ok 20K 0L Tut 20T 30 WEE

W= HHRE O S E & RS RIS W =

6.4 ARKERE

FHEBRERICBWT, BERAHNEREER 10%, 15%, 20%, 25%, 30% & 2t X & 7= %K

BOHRPX 6.2 05X 6.4 1I2RT.

(1) 2 TOEBRRICHEWT, ZRAHNEROEIAATH > Td, REFIEOFERE
LI ReRD, ROFARKEEEZRLTWS.

(2) PC 11220V TIE, R TOERAMAMEREICB O THERFIETHEM SN2 FFAME & IR
F—RTRENDHEMEDFE—TH 3 /20, MERFIELIBEFIEMICTARREE D 2D
200,

(3) PC2 12T I3, TR AHIFIERE 10%, 20%1c BVTRERFETE M X h 2 FAMH L I
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6.4 FREEFEE

15
1.4
o
5 13
<
s 12
s
& 14
g
1.0
. I8 HN EN EN BN
10 15 20 25 30
Request I/O performance (%)
B Conventional method = Proposed method
B 6.2 PC1 FAEREE
15
1.4
o
5 13
i
5 12
s
& 11
g
0
10 15 20 25 30

Request I/O performance (%)
B Conventional method = Proposed method

6.3 PC2 TR

R — R TRINZIFRMICEND B, 2D, HERFIEORBREENE N, REF
RIZOWTIIFFAEZ MIET E AR, ZRAH MR 10%,20%12 B0 T3 RV
BEZRLTVS.

(4) PC3IZDOWTIFER A IMERE 10%, 15%, 20%1CBWTHERFIETHH I N LA E
LIEMRT — X CRENBHBFMCES B 5. Z DR DURTEROBERMENE. 15
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6.5 FFEMEDHER

15
14

1.3

12

11

1.0 I

0.9 .
10 15 20 25 30

Request I/O performance (%)

Regulation Radio

B Conventional method Proposed method
6.4 PC3 NG

FHRIZOWTIEFFAMHEZ LT & AR, ZR A IMEEE 10%,15%,20%12 B W TH R

VIR 2R LTV 5.

DEXY, BEFEEHCZ I TIEETON—FF 4 A7 I2BWT, FABEE P SE
THIEehDNr5.

6.5 FFAMEOHER

BEBREICH VT, ZRAHNMREE 10%, 15%, 20%, 25%, 30% & 2L & ¥ 1-7FAHE
MIEDHERE Z M 6.5 225 6.7 IT/RT.

(1) PCLIZDWTiE, 2 TOERAHNEREICB W TIERFIETHB I N 2 3FAM & EfR
T— X TRENLFFBMEDNF—TH 5. FFAMHEOHER L THRRFEIC X 2FFEHED
MIEIRERE S, —EOHRMEZHRITE TV 5.

(2) PC2 120\ TIE, ERAMAERE 10%, 20%, 25%, 30%ICBWTHERFETHEH SN
FFEED SAE ST, R 7 1 20 A LFEAH 800 BILAWIZ IEMET — X DFFE
fEICHIEX N, 2N 2R T 28R ko7, Lo L, BRAHIMRE 15%1co0n T
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6.5 FFEMEDHER

10

allowance

500

= 10% = = 15%

6.5 PC1

10

1000

time

1500 2000 2500

20% == = 25% =« 30%

AFAEDHER

allowance

__________

500

= 10% = = 15%

1000

time

1500 2000 2500

20% = = 25% = - 30%

X 6.6 PC2 FFEHEOHER

FfET — XOFBMEIEXS THEZ T THIESNITFAEMEIX4L ETTRE>TWVWS.

(3) PC3 oW TIX, 2 TOERAHNMEREICB W THERFIE THEIB X N-FFAEMED S HfE

SNT, MBS0 20 ALK 750 [FILAPNICIEMRE T — X OFFAEICHIE S A,

FNEHMRFT DR IR o T2,
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6.6 ANL—Fv

10

6
8
B ecccmaaaa
g |
= 4 e e e e ————————

S S A A S

0

500 1000 1500 2000 2500
time
= 10% = = 15% 20% s— e 25% = - 30%

6.7 PC3 FFEMEDHER

PEEY, BEFEEHVDZ L TA= T4 27 OBEREICRERTFAHEEHEL L,
A HEREREE DRI T & 2[R BV, Z D720, AHIEREFREFI ARG IC BT 5 At
NAN—=T v P EMFFTETWS. — /5T PC2 B 2ERAMIIERE 15%DRD X 510k
ke

i

HZFFAEME L DEVFFAMEICHIEZ NSRS H 5. Z D 7w, FEFERH DRI
FEDIKHED FE L8 ¥ 2 SRS 2 B ED D 5.

|

6.6 XIL—TFvhk

PC2 2B %, ER A HEREE 10%, 15%, 20%, 25%, 30% & 2L Bz A L—TFv b
2K 6.8 1T, 15%, 25%, 30%IC DWW TUIIERFIE L REFIETIHAELFR Uz, R
L—TF v MZERRW. FEMEICENH S 10%, 20%I122oW Tk, IREFEEHWESEE,
9IPOS, 11IPOS BEMRWHIR e e o 7. Mkt L IERFETHEE SN FARME LD 2 K
WEIZHHIESNTWS Z 25, fIEIC K DEFAMED 1 T35 Z I A V—TF v b3 5IPOS
BEERLS 2 e TFHEINS. £/ 20% 0V TIEREAZFAME L D 1LEWEIHIELTWS
72, HIZX D 5IPOS KWEX WX 3.
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6.6 ANL—Fv

150
140

130

120

1

100

. I I i
% 10 15 20 25 30

Request /O performance (%)
B Conventional method = Proposed method

Throughput
=]

6.8 PC2 Z)L—7v b

MEXDY, FEMBEEZMEL, HEBEOREZR EXE2EEZFEEHVTH AL
FOBERIZNEINHDTHB. 207D, ETCORFTHERENESWVIERTEZHWVWSIZ
IMA—PIZL > TEXY v FAKEVEWVWZ D,
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Z5

7.1 AHARIL—=Tv bELEICRAIT TCFFRERRR DR

ZIZTIE, AR ALV—=Ty AL RIZOWTER 2T 5. A EREREEE T, FFaE
ZHWTANERBEHIRS 2 2 & THRENR T vt 20 AR —EICHHEL T
5. L L, #FEMELIHIRE NS Z 8 TFNAL ZARRONEMRES R Z 21k b0, &

T LAERD AN AN =T > FHMERT 5.

22T, FAMEOHIRSBE L 72 5 DIFIRENR T vt 20 AN ETRTH D, IE

l

¥ T 0t 20 A ETRHICIEFRMEORIR 2 HE & LTWiRw., 2070, it
K70t 2 TAHNLEDFE L2 WKBEIZBWTIEHRMEE BRI L T, 74 ZAROAL
HERECENIET 2 2 & CIFRRE T 0t XICEID HTHRER Y Y — XD AR e 8D, AN
N—Tw Al ET22EZS. KETIE, RDO7 7 ZARK—2 4 BEMRIC Tt v L
HAMIEFFREZ IS 2 2 LI K 2ABEEADORE L AN AV —T"y + 230 EF 2 5
A, EETS.

1) EHERH—7 27122 (LS)

2) (SR ERE Y 7 22 (LC)

SEEHE—> 7+ 2 (HS)

m

(1)
(2)
(3) &
(4) EHEER Y 72X (HC)

H
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7.2 FAEFEER

RT71 RNTX—X

R IERE 15%
SR IV« 5, R : 32
RO 5

[/O727%x | HB—7Z7+X:10[H, #7277t X : 100 [H

CPU L | (RSEEY 7L 108, BEET 7R 18

7.2 AERER

A AN =Ty b+ Z2lA L XE 5791203, FFRMEIC X 2HIR & ERZ D52 208
H25. LrL,0SZ7at R0 AHMHWIERE DR A IV TRET 20006V, H
RIS A NEROFEEZTFHL, YD BFZ 223 TERWV. 2 TAEE T, FARER
7 at 2D AR —E R FEA U722 o 12358 P Al R R L, A IR 23 FE B
L7zZA X P THAEMOFIRICE T Z 2 TAL—F vy MNal L X8 2 FEERHRICHE ZT
5.

FHMiiEREEE LT, Bl L7z PC2 ZH Wk, FMiiF e /o8 LT, 778 AREX -2 T
WWHEBRANT X =R L7 CPU L T/O B2 R HICHEDIRT D D E AW, £/, #F
BEDRBDBFRET 27 72 2% =2 LS & LC IZOWTIEHFAMEDRBD R WIS D
L, LT 2. AFEEO 1/0 WHEIZOWTIX 6.2 I 2GB D7 ¥ A b7 7 4 Lizxf L
TI VX hiiAirAsz G 5000 BT W EZH W, ZoFar s 8% 10 0071tk XT
EITEEZ., 774NV 7 RADHE BT 272012, 7TREAZTEIXTFA N7 740
ZHELL. 0o rt20oN 1 7t 2 2f{ENE I at A Lz, AR a2
DERAHNMERER 15% L L7z, FEMEICOWTIEHIRFNZ, PC2 ORELRIFAMETH S 5
RO, BRREE, TN ZARDMETH % 32 2V S, FAENRS A LR ET > T
BROWEEZ TS5 ZhoZ2RT1IICELD S,
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7.3 MRCER

145

139.57
1.2 140
135
128.59
R 130 X
e 124.65 123 36 Tr
g% 121.89 ' 122.48 126 2
L T{
10 120
115
0.9 110
LS LS_non LC: LC_non HS HC
FaE A I NE—

AT - Z)L—F vk

7.1 FEKEE Y 2L—Fv FOE(b

7.3 RBRER

ABERERER 711ORT. BHEY 722 TH 23 HS & HC IZOWTIE, FFEMHED R
RV DIER E FIMEDORERTH . BHHEY 72 A TH S LS & LCIZOWVWTIE, LS EFFH
BERNT 522 TAL—Ty MI I5IPOS 1Y LR L7— T, #HRREED 1.15 BEZ
THILLTWD. LC BHFRMEERMENT 2 TAL—Ty b TIPOS 1ZY LR L, #H%FE
BIZEEDLOLBRWIER o7z, DLEED 7 722 8% =2 LC IZBWTIE, EVIAER
Er Z2v—7y FALEOWALAE D LD, MR T 0t A0 AH N Z1Th i
BRHARMELZRN T 2 FER IR T2 3EHE VR 5.

ARMEEYIDEZ 2 Z e CHERENRESHMT 2 23 TE2 2T RITUER S
. Hb T 2 BRNARERE LT, #%R 7t 20 AN ERIEAERIC T NL ZAD
A I ERFITEDFFAEMU T OIRETH 2 BED D 255, AN ERFEAERICHFAMIC X
SRR D B2 TH A ATEREREICT 2 £ TIZHICE DR,

it 7 72 A TH B LC ¢ HCIZOWTIE, 2 0727 7L ADRETHEMOHIR%Z

PIRBTIETHREDT 7R LIE S LT 2 2 e TREOREREZERT 5
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7.3 MRCER

LIFATRETH 2. Z LT, LCI2VWTIE, $Eo%7 7 ADMKT L, —EREAHNE
KOBFEELRWD, FFREZRINST 2 Z e TAHMNAL—=T"y bDA LD RIAD 5.

—/ T, B—=7 72 ROV TIEITFAMEZEE T 2 Z e AEFE LV E R 5. LS I3MRAHE
T7I7RATH 7D, AP I ELVDLPRVWEETHL—PFIZHEZ 5 X ML RIIPE V. £
D7z, FAMETE IR TBL 2, 2% DiREEEZ AL 3, AR L=y + O
A EXB2E5P2—F DXy bR KEW. HSIXEHEEY 7€ A Th 5725, AL
DEEGPRKRELRDFARTERVEEL—FICEZI S A ML RAFEKEV. 2070, FFAHE

ZHIRS 2 Z e CHBRKEZA LXE2I1E5EE L.
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E8E

HHOIC

ARRFZETIE, A APEREFERENE 2 Bt U, FIFH LT 2 3FAMET A MERER R D K 2
DBV AR EEIE T 23R EMEREEZIRE L. ZhETo, ARNEFRIESG R
Tl&, ERAHSHEREDF U MO8 R 7 n & 203581 A ERE #7358 W
T, BEOAMNRECTARNUEEZ R TT2 2R T2 e dic, A—7y Ak
ZEBLTWS. LirL, N"—FT 4 A7 OEERENRZ D, AR OZEINENDH %
W BN R e ROERAL IR 20 7 2 BUC X o T—RIHFAEIEL S h
BHRERTFETIE, TAUSTHHIGE T E 22w,

RETFETIE, BED AH RSN LT, &AL E U 72 EBEO A TR A58
WU R B L, kD SN BIEE B X 720, FFAMEEZFIA L Th KB OFEREE %
FHHIL, RS DS KHE I 22 72 WS, WIERAT S . FHIC X D, RRFIRIC X - THEME
EWMIIET2Z0T, FHMEHICHALE 3SEON—RFF 4 AZICBWTHRERS AR TEZ
ZRLTz. Elen— R 74 27 OFFREICRERFFAMEICHIE L, T E 24D
Wiz, AMSFERARICBIT 2 20— 7y FOHEFHICHEL TV 3.

BRXN-EY LT, BRI LD ENMECHIE X N2 ATRENE D & 2 720, LN
[ O B0 RGO KMED TR E R D ZMED D 5. F B ETHET L 7= %0t
RIOLZRADAMNERPREL TRV E BICHFRMEERRL, AT 22K0 AR
=Ty bOME EXB2FEE X DEDZ L b, BARNRFIEEEZ 20ENDH 5.
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A B

KR ZHED I HT D, BYITEZ THHEZ L TWRE T £ LEERB oML R
RICHECEEHHF L BT ES. BicH e 5 T30l FBILLVH, RFKOHRAE
ZBGIEZI W E L L, B AR, MEMERANCOR CEHH L BT XS, 2561
mF G HG e L CIHE X LIRS BfOFHRER, HILRIEA REMBICER < E#HH L
EFET. RS, REMBRICIGRE, SBRCIEL T, 2RO THHEZHZ I LA 28D T
G L ETES. 2L C, TR ZToRALERZ AZIED & T 2 HEEDERITO X
DIEHA L I E7.
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