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Automatic Method of Partitioning I/0O Buffer
Based on Cache Hit Ratio

AxryosHt TSUCHIYA,+ TosHIHIRO YAMAUCHI+
and HIDEO TANIGUCHI+

Performance of high priority processing can be improved by improving the cache hit ratio in
1/0 buffer. Thus, we proposed a directory oriented buffer cache mechanism. This mechanism
gives a high priority to important directories, which are associated with high priority process-
ing. Files in important directories are important files. This mechanism partitions I/O buffer
into 2 areas, and cache important files and unimportant files in a different area. This prevents
cache of unimportant files from invalidating cache of important files. Therefore, performance
of high priority processing is improved. However, it is difficult to partition I/O buffer into
optimal size areas. This paper proposes I/O buffer partitioning method based on cache hit
ratio. This method automatically decides and updates the sizes of the areas. Additionally,
This paper also describes the effectivity of this method by the evaluation with kernel make
or Web server.
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Fig.1 Directory oriented buffer cache mechanism.
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x = 40% Thy b FEATLBRRF I A .

4.1.10 RET—ILLRY A XDBLEEELLSE

=2E

6 (b) 1Ty ZEEE=5HE DI —F/L make
DFITHFER 0L Z 777, K6 (b) LV, y D&
{EIfE 5 TR OB LIT/ N S W2 L dbind.
ARy 7 744 AW 3.0MB OBE, y=40% T
e b FATAEF 238 <, LRU & T 0.86
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Fig.6 Execution time of kernel make (in several x or y).

W5, E£, AHIRNy 7 739414 X5 6.3MB OE,
y =30% D& T b FATIR 238 <, LRU %5
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2.1% (0.59%) ML T3,
EFROREEND, Spmax O¥INE /B> BOWEFE
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B 7 Web H— N X %RHMEREE

Fig.7 Environment of Web server evaluation.

& 3 Web #— T & 23l V72 G

Table 3 Computers used in Web server evaluation.

3K 2) T, FFAINS Smae Z FEITREL, FHOL
7o, £Z°T, Xk 2) TR —R/V make D FEITAL
PR A SR C & T A L IRE TR A T 5. el
Sk 2) T, FIAFICENST NS ¥ T 2 — R
AT 5720, Spmae DHALEZT —Z %1 X (Byte)
ELTns. Lanl, BEFATIE, Smnee & HEIRY
ICRRET D720, ZOREERET DHMENRRN. 20O
728, BRI TO Spax OHEALE AN 77D
BN T DNy 7 7 H L LTz,

BRI RTIE, Smaz OHINE /D BOPE LT
(FiE D) ZRAWiZ84, LRU R EBEART L e,
71—V make O FEATILERNR & BLHE, F7-IXFA%
OFRERE/DLZENTE. LhL, ARy T
P A XH 3.0MB OE, FERERERE R, 0.42 5
(0.11%) #ILTWb. £/, AHARY 77 ¥4 X
2N 6.3MB DA, FERRER S, 2,98 (0.82%)
LTV,

FROFERNS, BEFXEH YA, WY
% Smax WCERE LTIZHA & e, BB OIERENS
RETTHARERSD LB ONS. LML, BE)
BN Spae ZERET HZ & T, FIAZBPEYL Smax
ERET HLENRL, FHEERM LTS EEZ BN
5. E72, Smas FEICRET DL T, T7ER
WRE = OELIKHETE D B2 bLD.
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Web #— | 75347k | RosT vk

CPU Celeron D Celeron D Celeron

2.8GHz 2.8GHz 2.0GHz

AEY 32MB 256MB 768MB

“j\Hjj] 6.4MB 32MB 87MB
Ny 77

oS FreeBSD FreeBSD FreeBSD

4.3-R 4.3-R 4.3-R

VMIO *7 e Vg
NI ‘7 -

Lo f 8.0KB 16.0KB 16.0KB
DY A X

4.2 ZEBIFEMIEDRITILIEREIEHE O

4.2.1

SR & B A7

Web H— BRI Web 2T Y D7 7 A L%

Ry 7T v TFILBHOVNTEHET 5.

FEAIRZ Y

TBREAE 7R £z, KT ORFEEOMEE

£ 3R

AT TR~ L 51, ANy 7 7 OflEG XD
PEREDSEIC 2 B D%, ANy T 7 %A ZB87T 7
AT LHT 7 ANDRRYA XL /NS HEETHD.
D7, Web H— & FTT 2 RN C &

% AE Y &% 32MB ([ZHIR L7z.

AEYV %4 GB #

HLEGEAETH-TYH, Web —"NT7 78245
T 7 A NVORRY A ZNBINTIUE, $RERS UL
LRBEOMREETTEEZLND.
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Web #—/3& LT Apache 2.0.55 # VS, 7747
vy Fm T AE LT, ApacheBench 2.40-dev % H
Wz, Fl2, Nyl Ty TR e T 88 LTCirsyne
2.4.6 A\ 2. Apache 2.0.55 121, AHARy 77
B EPTIZT 7 A NVEERET S sendfile AT Aa—
NEFIRTHHER S . AHINN Y 7 7 OfiliE T
DFMZEIT 5 7=, AT TIL = OMEEZ hic L7z

il (LU KD Web ¥—,3 (www.okayama-u.ac.jp)
OF 4 L7 N UMEEZRHBL, 200647 A O LAY
@ Web HP— S ~D R A5 100,000 [E1 & L, Web
P27 7B A Lz, JIERTIZ 100,000 [E] Web H—
NZT7'ATHZ LIZLY, A7y 7 712 Web
AT VDT 7 ANRF vy v a STV SIREEIC
L7=. 20 100,000 [HDOT 7 £ AKTH, v IT v
TR L D 100,000 BT 7B A (7 7t AR
100ms) ZIXIEFEEHIBRIA L=, £/, #BEHFATIL,
FeH) 100,000 DT 27 ZDHNT, Smaz & 0 12F)
Wb Lz, Ny 7y 7Ex, fiLKE0 Web ¥—
NSPEFST 7 A NVENy T v 745, 100,000 Bl
TIREALO Ry 7T v TUENRIET L2,
Web $— "DJRER M ORERE R A > 77 v Tl
HEEFDO LD E Ny 7T THEKE T 5O H D5y
BILCTE Lz, AT, Ny o7 v 7sEfEd
D Web H— SOIREREHE ORI ERFHRZ 7T

Web #—21F, AV OERH—T (LK, &—
L= LHET) BIFEET S, Web —EXIZBWN
T, B—b A=V OFRCET LR 2 EET D 2 L
WEETHD. ZOD, XHE1) ILBWT, T4
7 NV FXE A, R—ARX—=UE KT DT 7
ANVEETFICETET 4LV N EELET L2 hY
WHETAZLICLY, R—b_R—VDFRICET S
B2 C& D 2R L. 22T, A—bi—
VEBRT L7 AN EE, A—2X—T O HTML
T7ANEZDHTML 7 7 A Vinb B S5
TrANDZETHD. RFHITIE, MILKT, F
i, BEE, EEREER, B, BI O
SALFHEIFIERL D 6 B R DR — DR — P 2R T S
TrANEBETCETDT 4 V2 M) EERT LY
FUIZHRE L. FHECHW -7 74 L OERER 4
WY, EBIZ, Nyl T v T L7 7 A VDGR
£ 5IR7.

728, HMILKFED Web $— 33852 6 DD ERFID
R B_—VEHET 5 7 7 A LV OERIZKTT D Web
T NOUER B LB, Web Hh— XD LLER &
Ny I Ty TP E IR L Uz, £72, %
KD Spax OWINE /B BOREFTEIL, T—=F
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£ 4 FECHVET 7 A AORE (100,000 BEEK)

Table 4 Files information where the total access number

is 100,000.
R—Hh_X—
R | BT 7 AN | DERT
H7 74N
T4 L7 hU () 1,365 14 14
77 AN (#) 8,849 877 118
AatEiskiEs (=) | 100,000 59,467 21,391
Git7 s ANt A X
(MB) 600.0 11.1 0.7

x5 NvrTvT LT A LOEHR
Table 5 Information of files backup accessed.
2k | EET7r A
2818.5 13.9

@it 7 7 A A X (MB)

/L make OEITUEEE 2 X W EfE X7 (FiE 1)
AV, T 5.

4.2.2 NS A—4
BEFRONRT A —ZIFUTOLIICRE LT
(1) w734 (NHAAy 77 ITREFTE 2y 7 750
RTEIOFHEICBN T, w= AHIINy 7 7 ICRFFTX
DN T 7T H — %IV make O FELTULERIG 2 G

TEEEDTHS.

(2) a:100%

6 MRDHR— L=V EEL FREETNEDTHD.
(3) B:50%, 55%, 60%, 70%, 80%, 85%
(4) M : 367, 440, 514

6 RO AR— L=V EH L FRIETN 2D, A
T3y 7 7 OF53 U L a R — & L CRIATREIC
L7z,

(5) N:32

TRt T vy JBORRETH LD 32 i EL, &K
[RLBEZR N 7 7 Bl LTz,

AFHG T, B, M T~ 28R E L CHIE L
WYRMERYERT D, 2oL E, 3, M OJEICEYZR
EERET .

4.2.3 BEI-ILTOFvyyiakby FEOREZ

ElesE 58

Ry 7Ty TEERO 6 RO AR —L_R—T 24k
TLT77ANERT 7 ANOFLGERHZE 8 (a)
2, BT 7 ANV LB T 7 A VORI %
X8 (b) 9. £, Ny 7 v TRBEOIATOE
k] 21X 8 (¢) AT

M8 (a) £V, BEHFXNTIE, B=50%DEAE, 6
HRDOBR—L_X—=V %R T 27 7 A4 VOIER &
EbEMLIZZEnbrsd. 2k, B&/hNE<T5D
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100 [ 100 2800
—= 6B B DHR—LR—(LRU) -~ [RUA=
----- 68D DR—LR—U(EE) I,
8 —A BB DR—LR—C(RE) 8 SO
——-2T74IL{LRY) ! & REEAR
= —2774L(EX) = 2700 |
..TE’ . 2 I7(IVIRE) ;E’ 60 =
ﬁ ﬁ == @£ T74IL(LRU) ¥
b b BEITAIVER) B
= £ —A—BEITAV(IRE) =2
£ 4w K 40 FEBEET7AIL(LRY) &
B B — EBETFAIVER) 2600 |-
- FBEEIFZAVRE)
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I ye — A A oAb
0 = . ) 0 . . 2500
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(a) 6 HRDOHR—LX—=VEMELT D7 74 (b) BT 7 AVEIREERT 7 4 LOFHR (c) Ny 7T THERD FA TR
LT 7 A LD IR
8 B EZ{LERIGEORERLE Ny 77 v TRBBEET)
Fig.8 The response time of web server while a backup is running, and execution
time of backup (in several 3).
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0| A EROR—AR—SRE) & %xm
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Fig.9 The response time of web server while a backup is running, and execution

time of backup (in several M).

TETHEETNABRELLRLT, R#ES—LF A X FTET7ANERT 7 ANOVERERBEZR 9 (a)
ERELBEOIENTE LD THDIEEZLND. 2, BT 7 AN EIBIT 7 A N OB %
L2aL, B=50% O%fh, K8 () Lv, Ny o7y K9 (b) 29, £, Ny 7y IO IATOE
THREE D FATILERRFR 2SI L, EAFK I R, R &9 (¢) TR

72, K8 (b) LV, EELRT 7 A N~DEROFY M9 (a) kv, #EFRIL, M =514 HOHA,
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L7z > T, 50%DEHEITRNT, 6 ERDHR— L4 K 2 c& TWa. Zhid, M E2KR&E<$52L
NR=T AT D T 7 A N ORERR N E 60%% Wk, RET—NAIWNEL RV TELZ L EPGIET
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NCEMETE, BT 7 A )V OFEIEEIRERE b A U (21%) FEfETE T\ 5.
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W VO EHR T, EEET A NLDX Yy
Yaby NROKTEMHI CE 7D THD. Fiz,
B9 (b) LV, FEBIT 7 A NO VL GE R A HA
FHAEHAS, 13 IV (16%) EfiLiz. Zhice b
R, BT 7 A NVOFEGE R & ARG L e,
52 I UF (14%) s L7-.

FROEREND, 6 HROR—L—T KT S
7 7 A NVDIRERE 2 LRU 2l & TR & < i
TETEY, oy T v RO FATFLERE] &
BT 7 A VOSBRI Z M TETWD. ZOfE
s, FEESCABL O FATULERRER] O BE I % B © &
TEY, (MEA2) Z2RTElnzd.

4.2.5 FMIZ S ZFERET HHE L DLLEK

SCHK 2) OFHITIE, Smaz = 2.3MB OB4E, 6 #
DB —B_R—=D T D 7 7 A NV OIGE R % 5L
AFREE_NTHEMEEE 2 LR, Ny o T v 7L
RO FATIERIER & IR 7 7 A /b DA IR & JiLAfe
T&7.

BEE CTTRZ L 91, LT, 6 ERDER—
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PR & FEBEIE 7 7 A L OISR 2 FEAR T A L
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5. BEHE
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