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Abstract: A program that provides service is controlled by operating system (OS) as process. And, the process repeats processor
processing and I/O processing. Thus, it is necessary to regulate execution speed of processor processing and I/O processing in order
to provide users with appropriate execution speed. And, this regulating execution speed is also valid for distributed processing. We
proposed the regulating method for the processor performance and I/0 performance. When a process finishes I/O process, the 1/0
performance regulating method delays the wakeup of the process in order to regulate I/O time by sleep function. Solid state drive
(SSD) can execute 1/0 at short time. So, calculated delay time to regulate I/O time is shorter than shortest time supported by the
sleep function. As a result, regulating accuracy decreases. In this paper, we propose selected busy loop methods that execute busy
loop when the calculated delay time is shorter than the shortest time supported by the sleep function. The evaluation shows that the
proposed method can increase regulating accuracy with the device that can execute I/O request at short time.
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Figure 1 Overview of I/O.
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Figure 2 Basic Method.
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Figure 3 Delay of wake-up process.
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Figure 4 Selective busy loop method.

LR, BRPEO— L — 7 HRONEFENEZ K 41257
L, T 5.

0OS T LITR Y — 7 HERED IEIE T & DI N R0 5.
BV =T HDINENEHET S0, BY—L
— R 2 EAT 5. HE LIGBIERF A B o— L
—7BRREEL Y BN SWEE, BV L — TR RIRT 5.
O TRWIEE, AU —7HiEEx AW CIEXG 7 m k2
DRRZ LIS,

vY— =7, AR e eR ek Y
ZENY U THID, M ot ARETAREREE TH->ThH,
BT AOT vy FUHEFETTERN. 20700,
7 mE ADNIEE LR T EETLEIBRENDD.
T, BV A—TEET DR, FEITAIREREEDO M
Tav AOFEBEHET D, FITARRREO 7 vk 203 TF
ET 58546, FROBEELNMZ 5720, EV—L—7T
<, RV —=THReE AW GREGS 7 o 20 K% 2
FEXE L. FATARBIRAEDM 7 v & ABELE LR WG,
B N—TEET S, ST, BV =T EHIC
7 2 R RNELT A REIRBE I BRSO ER L I 2
78, BV =T EERAL () A EAT D, BEY——
FEMEA O T Y — L —TFF BN, FEIT AR
REOM T 0w ANFET DI NENEHETS. L, i
Ta APGE LTSE, Uho ey —L—7 %Lt §
2, REHR T o ADBENR LK TS 5. ek A



TR 2R
IPSJ SIG Technical Report

S

Table 1 Environment of Evaluation.

A=R A 2.5GHz 4cores
AEY 8GB
AHFIF N4 A | SATA3.0 ##52 HDD & SSD

BIEFELRWEA, BV —T2HTT5.

52, EFWRRREO S o ANEEET, EU—L
—7 & — BRIk T X GG, BT o 20 A
N OREEZELEL, th7 e 20REICEDLT, ©
V= N—TEFERTDH. DT, EU—— Tk
EL)ZEANT D, FATAREIREED 7 B ADOF M EHE L
7%, RE LI BER T E TOEY RN E Y —L— Tk
WEBR A D% S, LBEOM T me AOREIZELL T,
BOERZ T e — N — T2 ERT 5.

Plbkicky, B0k, "EHT2BERMAEWES
WHIRE® Y ORRICHES SR T r B A2 EKTE S, S
HIZ, 7 e ARNFEL THTYH, FITAEIRE TR
U, BV —T % T 52 LT, R R
DAHFMEREE EFRLHIETE 5.

6. R
6.1 &%

9, PR AR~ 5. RPFEEN AR Z EF
SHEETE 2EDH JPHEREE & WESMECTRMET 5. 7%
FEORMA A LITICRT. HERKEE, 1 IV EH
BORBENRL, 1 X0 REWIZEARAEMEL, 1 &
D/ISWVIEE AN AREE PR TH S Z & 2rT.

%%ﬁgziﬁﬁﬁmﬁ%% @
PRAE D A H 77 IRF]

BRI, BELEBERANEWVEEICH, FBEL
F-HELE D ISR T o ADORKEBIETE S, 20
PR A RIS S & PESMECIMI T 2. BIERBIE R HX A
UUITIRT. BIEREET, 1 ICmVIE SH8E L7 EAERE R
L EBROBIERFF O AN S <, HRE L7 RERDE 0 SR AE
TEHT LEAT.

EFERD IR IEH
E@ﬂ%g: S’%WT@J%L jﬂ?ﬁfﬁ (9)
FBIE U 72 I AL B R

=N —TE WD T, M7 e R OB A
BT LS. ZOREEFMT 572012, #%ikd 25Hn
07T AOBBHOKTETORMENNS. Z O
i7" o R FEAT IR & MRS

Wiz, FHMEREZRND. £ 1 OFFEIC, RFEEEE
FE%E L 72 FreeBSD Verll.0 ZEES W7z, AHIT /A X
L LT, HDD & SSD ###i L, ZHENIZDONT, KD
W E % Fhe U7z

M 1 7 F AL LT, raw T8 A LTI U A

(©2020 Information Processing Society of Japan

Vo0l.2020-DPS-184 No.10
Vol.2020-EIP-89 No.10
2020/9/11

—e— Conventional (No Other proc.)
—&— Proposal (No Other proc.)

N
=]

015 —e— Conventional (Three Other proc.)
p= ’ —&— Proposal (Three Other proc.)
14
g0
g
L.
20.5
L
14
0.0

10% 20% 30% 40% 50% 60% 70% B80% 90%
Request I/O performance

(A) HDD

—e— Conventional (No Other proc.)
—&— Proposal (No Other proc.)

—e— Conventional (Three Other proc.)
—&— Proposal (Three Other proc.)

N
=]

=
ul

=
o

=
U

Regulation Ratio

2
=]

10% 20% 30% 40% 50% 60% 70% 80% 90%
Request I/O performance

(B)SSD
B 5 PR OFENE L Do
Figure 5 Average of Regulation Ratio.

FAIA S L B AR A2 RITT 5 7 0ty s
10000 [El#: Y E$UERZ W=, 22T, Yutk v
EAH I B SRS 111 IS KD, HERTOZEA
ARIZE LI AHAIRERZ0, 7 at o sz 179 5.
ZOFHE T v 7T AEAWT, MR v ATk
T3 2%6, BLOHESG T et X 1 27 mt X3
ONRETT DA, ZIE L.

%, BEFROARTAZOREERRDL., EV—L
—7RIREE)IE 5 SV, BV — T AL ()l
0.1 SV, vV—A—T7HERMEWL)IE 1 IV RITREL
7=.

6.2 FARME

SEHIOFHEREEZK ST K 5 XD, kOZ &Ry
N5,

(1) HDD & SSD O ELHIZBWWTY, kTR E#BR
FROWFT I G R OFERE LR B,

(2) 7B ARFETLHAETHoTH, ERAMTD
TEBEDS 60%LL F OB E, R ELBEFXNONTNG T
BIOFHREAEG LD B,

DX, ERITRNEBEHNDOWT G EEOFE
FEEEDS RV,

WIZ, FEBEOSMER 6 LK 712077, K 615,
HDD BEICE T 2HBEEDOSATH 0, X 71%, SSD 8
BB DRERBEONATHD. K 6 L0, ROZ LN
IND.

(3) BERAHNMERMEVG S, 1ERFARERESFAD



TR 2R
IPSJ SIG Technical Report

100% E—
I "19s

1.7-1.9

80
#1.5-1.7
B1.3-1.5

60
m1.1-1.3
0% . ®0.9-1.1
I 0.7-0.9
- I ®0.5-0.7
I #0.3-0.5

O N m I

0% 0.1-0.3

£

£

E

10% 20% 30% 40% 50% 60% 70% 80% 90% m<0.1
Request I/O performance

(A) Conventional Method

100% S
I m19s

1.7-1.9

80
m1.5-1.7
m1.3-1.5

60
m1.1-1.3
20% . ®0.9-1.1
I 0.7-0.9
200 I =0.5-0.7
I I m0.3-0.5

ol BN |

0% 0.1-0.3

F

£

10% 20% 30% 40% 50% 60% 70% 80% 90% m<0.1
Request I/0 performance

(B) Proposal Method
B 6 HDD BREEICIs1T 2 Fi R D4 Af
Figure 6 Distribution of Regulation Ratio with HDD

WL B & OFEEREEN R . B2 0L, ZRAH MR
M 30%LL T OHE, WHRNE D 0.9~1.1 OFHERGE A
DIS%LEEEDD.
(4) ZRAHERENEL 8D &, ek ERESFX
OWTFRY, lHx OFERBEMEL-L. HlE, BRA
HZIMEREDY 90% D & &, i L b, 0.7 DL T OFRIERES
L1 U EOFRBERBERZENZNEIKD 40%L L& 5D 5.
ZD X 52, HDD BEICRB W T, R AL, kR
LRIUHE 2R, i, HDD BRELCIE, 3 1/ BEfA
F<, BT 2RBERMNA Y — L — 7 RINEEE B2 5
T, BEFAPRFTRER L A Y —T ez v
CIBEH 2 RS 5720 Th 2.
Wiz, ®’7X0, ROZERGND.
() HERIFATIL, TR IERED 30% 2L Bic72 b &
0.9~1.1 OFHEEEOEIGPKL 720, fHx O AHIRERH
Z ERRETE V. BT, BERAMIMERED 50% D

(©2020 Information Processing Society of Japan

V0l1.2020-DPS-184 No.10
Vol.2020-EIP-89 No.10
2020/9/11

100%

| )
1L
1.7-1.9
80

I m1.5-1.7
m1.3-1.5

60%
m1.1-1.3
40% m0.9-1.1
0.7-0.9
2004 I I m0.5-0.7

. I ®0.3-0.5
0o, N

10% 20% 30% 40% 50% 60% 70% 80% 90% m<0.1
Request I/0 performance

F

0.1-0.3

(A) Conventional Method

100%
m1.9=

1.7-1.9

80
®1.5-1.7
®1.3-1.5

60
m1.1-1.3
®0.9-1.1

40
0.7-0.9
20 m0.5-0.7
20.3-0.5
0% || 0.1-0.3

10% 20% 30% 40% 50% 60% 70% 80% 90% m<0.1
Request I/0 performance

F

E

£

E

(B) Proposal Method
X 7 SSD ERBEICISIT LIRS E O3
Figure 7 Distribution of Regulation Ratio with SSD

L&, 0.9~1.1 OFHEREE L, 2D 4%ITBE 20, 1.5 8L
L OFREEREE N ERD 23% % HDTEY, Zh b0l L
W &2 2R 0 54%% 595 0.9 LT OREEED A
WV TR > T\ b,

(6) #BEHATIE, FERAHAMERICEDLLT, e
FHEEREE N R B 2%, BRI DMERED 80%LL T D
A, 0.9~1.1 OFREEREIX, 20 2%% HH 5. ERA
HISIPEREDS 90%DBETH - Th, 0.9~1.1 DFEREE I,
2RD 69%% 5D 5.

PbXbv, SSDBETIX, FE VO KM E W0, it
ST TIE 2 ORI E RTINS, —FH T, BEHN
DOFERGEITR .

6.3 EEEFERE

X 7 OERMFIZRB T DBIEEEDONREK 8 17T, K
8LV, DI NG,

(1) ek TiE, ZTRAMAERDIEWGA, BEL



TR 2R
IPSJ SIG Technical Report

ONo Delay

100% — —

"19g
80% 1.7-1.9
®1.5-1.7
60% ®1.3-1.5
m1.1-1.3
40% ®0.9-1.1
0.7-0.9
20% ®0.5-0.7

. I I =0.3-0.5
0% [EE I 0.1-0.3
10% 20% 30% 40% 50% 60% 70% 80% 90% ®m<0.1

Request I/0 performance

(A) Conventional Method

100% ONo Delay
|:| "1.9s

80 1.7-1.9
m1.5-1.7
60 m1.3-15
m1.1-1.3
40 m0.9-1.1
0.7-0.9
20 20.5-0.7
= 0.3-0.5
0% 0.1-0.3

109% 20% 30% 40% 50% 60% 70% 80% 90% w<0.1
Request I/0 performance

E

E

E

E

(B) Proposal Method
B 8 SSD ERETICHIT 2 IEIEREE D AT
Figure 8 Distribution of Delay Ratio with SSD

B FNE L2V A &R E RIEORBIEREE L & OElA 2 5
5. BIZIE, BESRAHSEREDR 50%D8E, R %
FEhE L7 WIBEE, &R0 46%% 5D 5. &5, 1.9k
DORBERE X, 2ED38%% DD, i, AU —71
HEZ W CGRIEEE 2 £+ 25 2 & T, EEORIERER 2
FBE SNIRBIER L D LRI 2MEIC/R Y, BEEO AN
B & 0 b EBEOAMAREMNEL 2D, 2Ly, €
e AuE, WEIOAH IR 2 BEO AH IR L 0 b
< L CAHAHEM 2 AL T 272012, ZOZEERR D Bid.
WEID A I ABR G, B U7 AR 2> & 4 0 Bk U IRy
MZRET 22 & T, BIERRNAOHEE Y, BTN
EFEBLRLS 2D, Zokoi, 1ekFATIE, HELE
PR L 0 bR EE L T LE H AL ALE & R AE LR
ey BTN AV NI DAL Uik - /B rar

(2) $BEHATIE, FERAMAERICEDS T, BIERH
MRV, B2 0E, BRA KRR 710% LT OHE, 0.9

(©2020 Information Processing Society of Japan

V0l1.2020-DPS-184 No.10
Vol.2020-EIP-89 No.10

2020/9/11
_ 30.0 [@Conventional
§ E Proposal
— 25.0
ik}
£
= 20.0
°
3
o 15.0 A
X
Lik}
©10.0
L8]
o
o 5.0
ik}
+
© 00
10% 20% 30% 40% 50% 60% 70% 80% 90%
Request I/0 performance
X 9 SSDERIRIZIIT 2 FEH DM 7 1 & 2 EITRH]

Figure 9 Average of Other Process Execution Time with SSD

~1.1 DBRBIEREE L, 2D 98%% 56 5. TRk AH LR
ﬁmmVﬁwr% RO 5S1%% 50 5. |EFXTIE
BV — N L o TRIEREM Z BT 5720 L%F
ﬁ%\%*ﬁﬁﬁﬁ #ﬁW%éﬁﬁﬁﬁ_kak
BEICAER 2 L7 WIEE AL < e d. T, ROBEH
IZ& B, BERABDERENE WIS, O3 10 BN
SEIHT 2 HEAAD A DR & R V0 R oZE /NS < e
%, L1VOBEOIEL2EICX-T, AHAERDMLBEHK
TETORMNELS 25 &, BIAEO LA TIZH
O AN AR ABE LT L E W, BIELLH A F2H LRV,
PLEXY, 9ekGNE, BE LEBERREY IC EFL<
TREAEZEKTERV—FT, #EHFL, FBELLE
FEFEFEV IC T B A E K TED 2 ERD05.
6.4 #hF O+ REfTER

ﬁ%ﬁ%7mtx@m 3oNTuv AEEESEE

BIFL3 2070w AOFETRMZRK 91R7. K 9

;D,%%ﬁf&%?ﬁﬁ@@fmtxiﬁﬁﬁuﬁkh
EHERRNZ ERynD. BlzE, BRAHPERES 60%
D& x, kTR ToOMT vt A ETHBIZ 244 W TH D
— G T IREFATIE 2458 TH S, Zhuid, #E5T
0.1 VR I EICETARBIRIEOM T 1 & ANRFLET D0
EHEL, EO—N—T 2K TTHILT, 7r R
Tut o EEVYBTOENDITZDTHD.

o ko, #EHFAT, e 2oREIZSTTE
=T OEBEMELGIETHZ LT, BV —TIC
LT m e ZA~DEREEMZ LD Z EBND

7. BEHR

B DT v AREMIET L REICRBNWT, BT nk
ADANHIFER ZARFET 28898 LT, 7> KT A il
NdH 5. Bl 21E, Earliest Deadline First(EDF) % Z&:A 12 L C
SCAN-EDF [3]1& U T V& A4 LAY AT A\ITICHEE L 7=



TR 2R
IPSJ SIG Technical Report

RBED [4], 7> N7 A &l Lo A3 RE AT AL
PE9" % Fair-EDF [5], ¥ X U EDF & Deferrable Schedule %
HAG 72 DS-EDF[6]3d 5. £z, AHIIT /A 2D
Wik 2 EE 2T v A THT D YFQ[7] & SASLO[8] 342
RENTWD. fUIch, BB RCREL-BRICES
T, H7unt 20 AN N EREZLET 5 Budget Fair
Queueing(BFQ)[9] N ELE SN T WA, TN HDOWF3ETIE, &
BT ae 2D A IIREE BN —ERFFLL T2 5 & 51Tk
RECE S,

—FT, EECARNTaEADOAMALEEHIRT S
LT, mERT v 2O AR OB E B RS L
TICHR[10-12]13 B 5. TNHDOAF Y a—F1F, AHIE
REKEICRITT A7 0 2037 ot 20 AH 1 &
ErRfbswbZ L %&F5<.

IRHOMETIE, BER T 0t XD REE O A JEE
HEEUTICRIET A2 ENTED. LLRRD, Y
o RCED LY, BERT TR RE—EOEE RO
FElE R I TRV,

8. BHYIC

Amﬁﬁ EDOFEYETIL, 0S DAY —7HEREA W T
X G 7 v AORK A BIE X, AR &2 g5

L. AU—THEREIR, Z A ~BHA O TR R A B
T o7, ARPREIENEE S 2 BRI S Z A < EADJH
I BENGE, 2V — 7B RFEIE D ISR

nEZAEERTET, HxOAHNEME ERHFHETE
WG ERH D.

T, FHUEBERMAEWVGESICE, EY——
T E AT A FATT 2RI E O — L —T7 X%
BELE. BEHFATHE, P9 —T12koT,
TRy PREN B b2 LT, AERER MK
T 2EEELMZ D0, —ERRZ & ICETTHER
RROZTov ANFELZHEL, YZT a0 ANEETDE
BIIIED— =TT+ 5.

FEAmIC L0, R AUL, 5 1O FEAVEV SSD BRI
BOWTH, Hx O AHILEICIBWT, HHE LI RERER
WIS R T rEREEIRTE, ZO/KE, HxoA
HAORMZRBERSHETERZ 2R LE. DI, i

a2 DOWNBEIFH ~DOERELZMA N Z L ERLE

BE AW —ET. JSPS KAKENHI 18K 11244 12 &

50

SE M

[1] ArFHR, "AHDFEF ORI K0 ¥ — e AR Z g5
SiEE, " {5 55m(D), Vol.J83-D-1, No.5, pp.469-477, May
2000.

[21 KR, MR, Bl faFk, “f7rtA0A
H MR DB I J7Aﬁﬁxw~7/F@ﬁT%%%¢7

(©2020 Information Processing Society of Japan

(3]

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

Vo0l.2020-DPS-184 No.10
Vol.2020-EIP-89 No.10
2020/9/11

A D RBL & B, 7 1556
170, March 2020.

A. L. N. Reddy, J. Wyllie and K. B. R. Wijayaratne, “ Disk
scheduling in a multimedia I/O system, ” ACM Transactions on

(D), Vol.J103-D, No.03, pp.159-

Multimedia Computing, Communications, and Applications
(TOMM), Vol.1, Issue 1, pp.37-59, Feb. 2005.

A. Povzner, T. Kaldewey, S. Brandt, R. Golding, T. M. Wong, and
C. Maltzahn, “Efficient guaranteed disk request scheduling with
Fahrrad,” Proceedings of Third ACM European Conference on
Computer Systems (EuroSys ’08), pp.13-25, Apr. 2008.

Y. Peng and P. Varman, “Fair-EDF: a latency fairness framework
for shared storage systems,” Proceedings of the 11th USENIX
Conference on Hot Topics in Storage and File Systems
(HotStorage'19), pp1-8, July 2019.

S. Han, D. Chen, M. Xiong, K. Lam, A. K. Mok and K.
Ramamritham, “Schedulability Analysis of Deferrable Scheduling
Algorithms for Maintaining Real-Time Data Freshness,” IEEE
Transactions on Computers, Vol.63, No.4, pp.979-994, Apr. 2014.
J. Bruno, J. Brustoloni, E. Gabber, B. Ozden and A. Silberschatz,
“Disk scheduling with quality of service guarantees,” Proceedings
of IEEE International Conference on Multimedia Computing and
Systems (ICMCS'99), Vol.2, pp.400-405, June 1999.

N. Li, H. Jiang, D. Feng and Z. Shi, “Storage Sharing
Optimization Under Constraints of SLO Compliance and
Performance Variability,” IEEE Transactions on Services
Computing, Vol.12, No.1, pp.58-72, Jan. 2019.

P. Valente and F. Checconi, “High Throughput Disk Scheduling
with Fair Bandwidth Distribution,”IEEE Transactions on
Computers, vol.59, no.9, pp.1172-1186, Sep. 2010.

Y. Wu, B. Jia and Z. Qi, “IO QoS: A New Disk I/O Scheduler
Module with QoS Guarantee for Cloud Platform,” Proceedings of
2012 4th International Symposium on Information Science and
Engineering (ISISE'12), pp.441-444, Dec. 2012.

Z.Yang, H. Fang, Y.Wu, C. Li, B. Zhao and H. H. Huang,
“Understanding the effects of hypervisor I/O scheduling for virtual
machine performance interference,” Proceedings of 4th IEEE
International Conference on Cloud Computing Technology and
Science Proceedings (CloudCom'12), pp.34-41, Dec. 2012.

X. Ding, A. Xiong and C. Yang, “Optimation of Xen scheduler for
multitasking,” Proceedings of 4th International Conference on
Software Engineering and Service Science (ICSESS'13), pp.754-
757, May 2013.



