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Abstract: The availablity of web services has been incresingly demanded. To achieve high availablity,
database servers used in the backends of web services have to respond in a low latency. Maintenance opera-
tions (e.g., deleting log files and mining data) executed by an operator may raise a pressure on I/O subsystem,
which increases the latency of database processing. To solve this problem, it is desired to execute maintenance
operations in low priority. However, the deadline I/O scheduler, which is recommended for database servers
on Linux cannot deal with priorities for I/O operations. In this research, we have extended the deadline
I/0O scheduler to enable us to assign low priority to a process, which is inherited to the children. Our I/O
scheduler can suppress the increase of latency by executing the maintenance operations at low priority. We
evaluated the usefulness of our I/O scheduler on a database server. While in the deadline I/O scheduler,
maintenance operations degraded the throughput of database processing down to less than 30%, in our I/O
scheduler they degraded that down to at most 75% by assigning low priority to maintenance operations.
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deadline_dispatch_requests(struct

deadline_data *dd) {

reads = !list_empty(dd->sort_list [READ]);
writes = !list_empty(dd->sort_list [WRITE]);
lowprios =

'list_empty(dd->sort_list [LOWPR]);

struct request *rq;

// BEJEE P 1XRead > Write > Idle
if (reads) {
data_dir = READ;
goto dispatch;
} else if (writes) {
data_dir = WRITE;
goto dispatch;
} else if (lowprios) {
data_dir = IDLE;
goto dispatch;
}
[/ 3D2DMRBFEZF 2 —DEOHHEEKT

return;

dispatch:
rq = dd->sort_list[data_dir];

deadline_move_request (rq);
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deadline_dispatch_requests(struct

deadline_data *dd) {

else if (idles) {
elapsed_time =
jiffies - dd->idle_dispatched_time;
if (elapsed_time >
dd->idle_dispatch_interval ||
dd->batch_mode) {
dd->idle_dispatched_time = jiffies;
if (!dd->batch_mode)
set_dispatch_timer ();
data_dir = IDLE;
goto dispatch;

dispatch:

if GEHO 1/0 RZFT 4 A8y F)
/¥ BEE— FA~NBIT x/
dd->batch_mode = FALSE;

}
deadline_completed_request (struct
deadline_data *dd) A{
if GEH O 1/0 HRP5ET)
set_redispatch_timer ();
}
on_timer (struct deadline_data *dd) {
if (idle_redispatch_time #&i) {
clear_dispatch_timer ();
dd->batch_mode = TRUE; // Ny F % —F
if (!'list_empty(dd->sort_list [LOWPR])) {
deadline_dispatch_requests (dd);
ALTTFONL—F VRO L,
}
} else if (idle_dispatch_time #Fi#) {
if (!list_empty(dd->sort_list[LOWPR])) {
deadline_dispatch_requests(dd);
AFTTFIN—F VRO L;

8 (3) DALMAICBIT 2HEIa—F

RS D [/0 ERPFITIND &, ZDERZARMEN
FERDUAREEZ ¥ 2 — EWIRA & F 2 — B L 7248, 7«
A%y F D7-HIZ deadline_dispatch_requests BHZDY
MO ENG, T2&, (1) oftfazZgcld, @ED 1/0
BURDFALE L 2 WIRFIC I E IR E D 1/0 R T 4
ARy FENB, ZIT, deadline_dispatch_requests
BIfzM8 Xk HICEELT, Ny FE—FThH 3D,
EATICEBERED 1/0 Wik z 74 A8y FLTHH
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idle_dispatch_interval DRI L T 355D &
BBRETI/OZT 4 Ay F T2 L9 Lz, MHIFIZ, &
BIzT 4 A8y F L 7%l idle_dispatched_time % B
BT 5. Ny FE—FTHROIIZ, RICEEREZEIO %
TAARYFLTHEDIE idle_dispatch_interval
DIfHFEEE TH 5. BERME > T3 1/0 HRkPe, X
74 A%y FARBIC 4 5 £ TICRIT I Nz 1/0 RS,
idle_dispatch_interval DRIRGEZ T I T 4 Z8y
FINB LI, set_dispatch_timer B k> TH A
by FLTEL.

idle_dispatch_interval @ IKf [l 28 f& ¥ § % &
on_timer IO I NG, TITHADFKLE
JRK % Ff-X, batch_mode_delay DRFEFGH L 72 2 LT &
536K THNIE deadline_dispatch_requests PHE % I
CH LT, ROBEELRED I/OERE T4 Ay F5 5,
ZOWT, ROYA ity bz, L, [KERE
I/O ERPWOEZ F 2 — 2T Lk,

Ny FE-—FIBITT2-0D5 4 <3, #@EDI1/0
BORDSET L7efice y b 95, 1/O WRBETT 5L,
deadline_completed_request FIEISIF OIS NS, %
DHIT set_redispatch_timer B ZIF NI 2 & T
E9d 5, T XD, deadline_redispatch_interval D
IRFAIRGEH1C b on_timer BIEI PO I NS K )12k 5,
deadline_completed_request BI%IZ 1/O #RKN%E T T
IO I N, ZOEIcy A2y FLIET.

on_timer BB TH A v FH AL K 2 #H X,
deadline_redispatch_interval DR L 72 2 &1
X BFKTHNE, SHEII Ny FE—FIIBTLA) AT,
deadline_dispatch_requests B Z PN L C, WE -
TOLREEHLEED [JOERZ T4 Ay FF 5, Ny F
E—-FICBAT2 &, EESEEDT/O 3T ST 4 A%y
FIND L) BHDT, idle_dispatch_interval K
oDy 4 2 bIERT 2, Ny FE— FILEHD 1/0
SRk % PR L 72 IKFIZ deadline_dispatch_requests BA%L
DB THIRI N, BHE—FICEITT 3,

6. i

ARG O R 21T 9 7212, BEFD Deadline I/0 277
Va— 7 LDHEERTIRYF =T T AP R0k N
YFR—=U T AL DOEITERE 2K 1 ITRT,

=1 TAMEE

OS CentOS release 6.5 (Final)

Linux Z7—%/)V | 3.12.7

CPU Intel (R) Core i7-3770@3.40GHz, 4 27
€ 8 GiB

AU 1

FUEEE 2

SSD 240 GB (SSDSC2CT240A4)
HDD 320 GB, 7200 rpm (HDP72503)
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(a) HDD 12 & 1) % Jl i 5 (b) SSD 1= B} % HlsEis R
9 JEARM:RE

¥7%, NvF<v—2Y—)LiL SysBench [7] ZH 7z, N
VFR—=U T AN, Y7 7 AVT 7R ADMIZ, F—
FR—=ZAY—=NEH 1o,

6.1 EAMaE

[JO A7 Y a—F L OEREROKE 2T/, W
oo EE, 1PHIcBI2ALV-Ty FELE,
1 VB D 7 7 4 WK LT Read/Write 2179 X
Fe—7 TR =T, FHDOAL—=Ty F2UEL 7.
R=Y* vy 2O T IS 21T 7dig, X
VFR—=0 Y= VFETT 5 1/0 WEIZTRTY A Lo
F1/O ZHOWT T2, T72ANRD7 741 ELT
80MB D7 7 A N7z 128 Bk L 7z, FlIEEE~D 7 7 ¢
ADIiFE, BIT O 1/0 WERDJiikz HvT,

Sequential Read/Write
T = % e 6 IHEFIC Read/Write 2327 7 & A
Tt

Random Read
B2 TRy % % Read/Write % 7 7 & XA,

HDD L CToOMEMEZE K 9(a), SSD LTOMER K%
K 9(b) IZRT. ZNEFNDT T 7128V, ftliid 1 70
HDOAN—7"y &, F#lE 772 25EERL TV,
fEEDOMEAR ZF T TR EVIZE, KED Read/Write L
HSWHETHLIL2EKRT 2. ZNZENDT T 705,
WEA£D Deadline 1/O A7 ¥ 2 —7 & WHlEL T, ABEHE X
F ==y FPEIER O EDTD o7,

6.2 KELELEDRTY1—YVY

T DAL & ARG S O ILBR % [F] IR 12 54T L 223540,
HE OB ENZTUBCTE 2% L L 72, 3P,
T7ANT IRARAET—FIR—ATILAD 2DDINE —
VDT 7R AR W To 7,
6.2.1 77TV EAITK B

T7ANT 7R AICE>TRVYF 22— F A 27>
7o, Ml OB, KERELIITONTORVEAED
AN—7"y MW T 2 EEDNED AN —T v FDEE &
L7z, AREEREAEBTHON TR R WEADAL—T Y
1, 6.1 8iiC BT 2HUERTRE 7.
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(a) WHOMHD AN —T v +

SeqRead RndRead SeqWrite RndWrite
b) R SE I Z L DI D R
=7y LOEE

11 SSD iZ&B ) 2 MIERGR

—~

Ry Fe—=7F7 A M, 6.1 HOMMEMFT L T
IR AT 5 72, (RESREAPEIL, Sequential Read % i
TWOMIDGE T 5 FTETLFET2DDE L, FEITH
121, ionice A~ ¥ FZHWTRERE Y 7 AEHEL
THEITL,

HDD EToMERKI%EZK 10, SSD ETHOHERER%
K11 2R T. ZNFNOXDED T 7 7128 T, fitlih
3 1 BB A V—7"y b, Kl 77 e A THERERL T
W5 AL—=7"y FOEIRKEZTIUTKREVIZE, RED
Read/Write WHASHHETH 2 2 L 2 HKT 5. 2z n
DEDED T 5 7128 WT, MBS fThb i
TOVRRWIEBED ZL—7"y MIT 2EH O D 2 )L —
7y b oEE, BEENET 2 2 FEEEL WS, Z0E
AWREFIUTKREVIZE, EKELENIC X 2 EEE)
7, JHE D Read/Write YWENTIRETH 5 Z & 2 HKT
%, ¥ 10(a) 25, HDD IZX§ % Random Read/Write
DEHIL, 2DODRT P 2 =T DIRLZPEICTKELEDNR
WIEWTDL, LL, ZNPANDT 7 ZSGEICE W
T, BEED Deadline /O A7 Y 22— # HWIGEIL,
AN—=T"y bt DHRHHIART LT b, X 10(b) & 11(b)
DGR 6, PO Deadline I/O A7 Y 2 — 7 TlZ, &
TSR 7 U DlRg & LHES L C T0% LA AL — Ty b AME
TLTWwS, —H, AEEERAVWEEEDOANL—7"y D
KT &, HDD Tl 25%LLF, SSD Tld 2.75 % ANl
Z6NTWV5S, ZH6 DR S, Wl OB & AREEEE
PR NGAT L TIT > 758, ABHETlE, ALV—7"y LD
EIZMGT L EBTELZEDTD 5.

6.2.2 T—HIR—RAFIERILK B

F—=FR=AT 7R ALk TRVYF =TT A%
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query_cache_size = 0
innodb_buffer_pool_size = 0

innodb_flush_method = O0_DIRECT

12 MySQL DRE

SELECT <FIELD_NAME> FROM <TABLE_NAME> WHERE id
=<ID>;

13 1 b v¥ oy aviicErans SQL

frotz, —cF— ¥ XR— 20RO SGE, AL —
7" b Tld7 { TPS (Transaction Per Second) & \»9)Hi
MG THE 21T, TPS &1, 1BYUEbD Ty
7 a VAR AR T TH B, 20D, §HiiofE
TSRS T b N T LR W& D TPS I2x9 3%
ARSI T O T B840 TPS OEl& L L7:.

FT—=F R=ZAH—NF, > T DE MySQL % w7z,
N—avid 55, AFL—YxTv¥ 0% InnoDB 2 AW
7. SNy F2—2F A FTIE, 12057 — 7t
LCT 7 A% To7. 7—7)VHDL 32— FEI 4400
HTHY, T—FR—ALEDH A XL 10 GB & L7,

TARAIT VR RAEZNALNRZAE TRV F =7 T A b
ZIT9 7212, MySQL DX * v ¥ 2 iR % Mahic L 72,
F7, =YX vy aPBEEIIAARDTEEL VLD
129 % 7-®IZ, 0_DIRECT T I/O W% 1T9 X ) ITiE L
7. 12 12 MySQL D#FEZRT. MySQL 12X LT
TOFREERIToT., TNHDOHFREICELST, xEY LDK
EVYARXDT =Y ZRFFTET— I R—AYP—N~\D7
7R ANGEGIRZEH L 72, 2, 7—F V414 DA
WAEBERICED, =T VIRARY I Ty Tia
DOXFEPMICH DR ALR EICHEBIR I Y 5 2R T
b5,

¥/, CPUBRMLRY 72260 EIHIL, 1 FTv
Y7y a YREHICETE NS SQL IR Hffi b dIi L7z,
1 FI7U oy a BRI ETIN S SQL XEX 13 12
AT, RUF2—=IFTAMTHE, 1 P77y a v
iz, X 13 @ SQL XD <FIELD_NAME>, <TABLE_NAME>,
B LU <ID> Z#bl R EICiEE#Z 727 ) 5% 10 FlfTH
ns.

T— N — AU LT LR A T 72, 6.1
i & kRIS, {EREGEEALIRIE Sequential Read 7% % DAL
PZETT2ETET LT LbDE LT,

NI 2 57— & R — Z LB & T L TEITLTw»
RWGAEE, WTLTHETLABEZ L AR %X 14
R, B 14(a) ICBWT, it 1 BREED TPS 2%
LTWw3, TPS OEMBRKZETNITREWVIZE, D}t
U a VAP HETH L I EEEWT S, B,
HDD & SSD IZEERTEP - 72720, 14(a) 121 10 £%
L7l #e 72, X 14(b) BT, Al LA
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KBV, MilIFUEEEEZ R L Twb,. X 14(b) 205,
BEED Deadline 1/O A7 Y 22— 7 Tli, (KSR Z
L DIRf &l LT TPS 28 70 %L HME T L Tw3 2 23
5. —H, AR HWE41E, HDD & SSD DifijfF
DFLEHEEICB VT, TPS DETZ 1% U Tz v
3. ZNSDOFERD S, JWHE O & AREERE IR % T
L CTfio =854, AREClE, TPS OET2M53 5 2 &
WBTEDLIEBTDoT,

6.3 EELEMEDIIL—Tv k

Rl D IR EIRDST 4 A8y FEINT VL%

BT 21D, 77ANVT 7 AZHAVIRVyF2—7
TAFRTOFHGiZ L7, 20 FND /O A7rYa—3F
WIZRLT, 5GB D7 7 4 WIZX L T Sequential Read %17
D2 2 MHITHRIT L 7z, — ST OB, ERERE &
LT, b9 — oM, SERERESR L THETL
7o KBNS 2 W 254121%, idle_dispatch_interval
& batch_mode_delay Dfi%z, Z#1Z# 200 (ms) &
5000 (ms) (ICEE L7z, FUfEEEE L SSD 2 w7z,

RV F2—7 T AFOFRRZK 15 128§, K15 DZh
FNDT 57128V, Mz AL—7y b, HEiz
Fo—7 7 A FBRREZID & OFBRR 2 £ L T3,
15(a) 7* 5, BEFED Deadline 1/O A7 ¥ 2 — 5 T, A
VW=7 b % 20D 70X AN O0H - TUE %
LTW3IEnghsd, ELDMMBETETIC 400
FERBLTwS, K15(D) 205, AT, #EiFou0
HIAS SSD DAN—Tv FDIFEAEZRMH N, (KELEL
HE, EEOWIENTET 2 £ TlE 2~3MB/sec FRED A
VW=7 FEHioTw5, lEONIRIE 20 WRETHRET
L, [REREEEE 45 BREETR T LTwS, £, @
DUIRDIFET L 788, (MBREMIRD AL —T7"y 230 T
H B WD 5 Bt Tw b, T3, batch_mode_delay
DIEIZ 3 LT\ %, WEEOMIEH5E T LT 5 BikE-> 72
%, AN—7"y FEFOY S TREET> TS, 24U
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