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An Analysis of Locality of Reference in Virtualized Environment

KOUSUKE TAKEUCHI™!  KOUYA HINAGAWA 2
SANEYASU YAMAGUCHI™

As cloud computing becomes common, virtualized environment is of increasing its importance. In virtualized environment, two
operating systems, which are guest operating system and host operating system, run concurrently. Both of them have caching
function, thus two caches works concurrently. In most cases, LRU cache replacement algorithm is applied in guest operating
system cache. Applying LRU in the upper cache, which is the guest operating system cache, leads negative temporal locality of
reference in the lower cache, which is the host operating system cache. Thus LRU may not work effectively in the lower cache.
In this paper, we explore locality of reference in a host operating system cache. In addition, we evaluate performance of existing
cache replacement algorithms in host operating system cache with our simulation and that of an implementation of practical
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#* T EFFEEOMAR

[OR) CentOS 6.2(64bit)
Kernel Linux 2.6.32.57
CPU Intel Celeron G1101
HDD 2TB
XE 2GB
AL RT L Xen 4.1.2
FERIFZFAIN AT L ext4
# 8 (ARGHREBE D4R
oS CentOS 6.2(64bit)
Kernel Linux 2.6.32.57
CPU Intel Celeron G1101
XE 500MB,1GB,1.5GB
Cache 237MB,744MB,1.3GB
FERIZZAIVRT L ext4

# 9FFSB O iE

Data Size[MB]| File Size[MB] | Num File | OPsize
50~1800 1 50~1800 4KB

6.2 FHlFER

Fri¥r vy v a(FAROSFy vy a), Py vyia
(FAF OS ¥ via)D¥¥vyiatby FEEK 14~16
WY, I F vy aby NEERL, ML FFSB
DT —F P A R Rm LTS, E-HT FFSB (2 X -
THLNTEALV—T Y FERLTWD. 728, X 14135 A
I OS IZ A% Y % 512[MB],IX 15 I% 1[GB],IX| 16 i% 1.5[GB]
ED YT TRy yabty NEERDIEFHERTHS.

TRTOKNIBNWTRT —F P A AR/MZRITE
IFAHRANOS DE v Fzm?fﬁbfu\focu\rji Z ke
TP A ZAP/PNSWGRITTF AL OS IZBITDF% ¥ v
1EVF%ﬁlm%&ﬁ@,??%x%*#$XFOS_ﬂ
ELRWEDTHS.

MiFryiaby NREE, Iy iaHDWVET
Xy v aDWWTFANTE v b LR Z PSR D
FbOTHD. i, Eidy vy allA-TL 577
T RERET, W HDD ISR L CRITEND T 7 B A&
EESbLDOTHD.

TP, FAROS OF v vzt vy NRIZONWTHEET
5. FABFOSFv v o 15GB T, A KOS F¥ v
a2 05GB DERICERTDHE, FARMOSFrviz
Dby FENFIFEFr Lo TEY, AZXAK OSIZHEZT-
AT BREMIEM SN TN ENS0 5. 7 Ak 0S
F¥ v aM1GB THA K 0S v v =i 1GB DEER
WEHLTYH, FAFOS Frv=aDb vy hEFIERT
TN OO, T =2 A4 XOHEIMIK L TE v MERZ
I LTEBY, RFVEA L 0S AF U NAETHEH
INTWRWZ LRGN, ARICBRICHETHER M %47
0y ZICHEOMERTT 72 AN TbSE1E, A& B
OS ¥¥ vty hRIL AV A X T —HHA
A TH-T-b D) L3 TTHD. LnL, K15IZBT
HIRABROS ¥y viadb v MRIZFZNZHBZ HEET
KTFLTEBY, BOZBORIMHICEYVHFARS OS THD
Linux IZFEE XN TV 5 LRU 238 BAYICHERE T& Tuhan
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BELEBELD, My yiallBWTFyyviat
v MBRAE LB EDOH N CPU MELR L ISAREM 2D 72
W2 ERBHITHND. EBRFERICENTS, WiFvyia
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FOS Fvvadb y MIMRERM EOMEIZHWNTS X
FOSFy¥viaby hER%ETRND ki}ﬁ% T 5.

120 n Ao 1200
1) -+ R RROSF YL aky b —
& 100 \ \k - mxvoaeots | 1000 8
'I% 80 T\ )&/\\ ~+-Throughput 800 §
'—\ et
4 60 600 5
\ \& \\ £
Y <
5 40 400 %
£ LN\ 3
# 20 ‘Mﬂ% 200 £

0 . . ‘ : 0

BT—42Y1X[GB]
X 14 Guest512MB F v v = b v h

120 —AroskvovaorE| 1400
—_— - RRAROSFAYLAEVREL 1900
£ 100 vy atyhE ]
ﬁ' 50 "+ Throughput - 1000§
9 0 h\}-\ 0

=]
q %‘\ \'-.. - 600 2
D 40 1
; \\ -\\ - 400 E
LS R ———~——
0 T T T T 0
1

B 7—4a491X[GB]
15 GuestlGB Fv v ab v MR

120 R NS R SETST 1400
RRbosFruiabvhEL 1200
100 ¥ rviabyhE
80 ~+Throughput I

\4\\\- - 800
|
.

=
o
o
o

Throughput[MB/sec]

- 600
\— 400
- 200

0 T T T T 0
0 1 2 3 4 5
87 —591XleB]

16 Guestl5GB v v =t v bR

FrvdabyhE[%]
(2]
o




TE LB 2 T
IPSJ SIG Technical Report

7. BAEMR

7.1 MQ (Multi-Queue)

ZEXY v VA BREOEOOBEHRFELE LT MQ(Mult
Queue) NIEENTWB[2]. FAEF v v 2 ZITADS
OBERARAMENFAELTEY, mWEEREESR SR
LHRIFE. ZThEEZBEL, MQ IXERMT — & Z{&Fr
THZIEICEY, Fyvvaby bREEEODDLILEHEL
TW5. MQ I3 ® LRU Fa—Ic X iR S TR,

BT =2 FBREBIC L > TSNS F 2 —BBIENDS.

A SN T=F — #1213 expire time N ESNTEY, B
M7 7 BARENS 2T — X%, THOFy v 2ilBS
nNa. BEfXRERDLT XL, B MIOF2—OHF T
BOT 7 EADLOREMBRLEWT =2 ThY, E#fixt
GLlpolT —ZDIDEBLOEDOZREEENL Qout & FEE
NoeFa—lREIND. 4T —¥DRFEZBIN: v
OV a TS NDBEI, %4 T — X OSREHE LT
Qout IZPRE L TH - MBS ME S, A8 % = — 2RI
%)

7.2 ZEX vy VA REICEATOIHME

SCHR[4] 12T, Ry RU—Z AL —VEHWDS EF
Yo vaBRBEILBW (X vy v a T =X OEENEL, 2
XY ADZRORFEBREFTE, LRU EH#7 LY X2
OWEROIK T RRAET B Z LRI TWA., F72, LRU
ERONT, ¥ v o NEEEET D L THER? M E
THIELWREINTND., Xy T —7 A ML —VREIC
BILBEOX v v v a2 BHFHEOFME LT, Wilick 5
WL DR AH H[5]. HHiFvIab—a ik
PEBERFMM A 4TV, LRU 3% > b U —27 A F L—VBRERICE
WTEWVMEREZ R T Z N TES, LFU O EWERE
AP EEMR LTV,

RO Y — FHEMEE 2 b L — VBN R L Tl
FDOXx v amEFMHT 25 FEE LT Global L2 buer cache
man-agement FIENRH 5 [6]. ATIETIXmHEER 2 85 21T
Wy v B HRANICERL, WXy vy 2 OFEMEER
W5, FloLuo B, Xy hT—I R L —VDT
f RELTTEXF U ZEEL TCFy vy atbky NET
TR T =2 T 7B A LA T v & B &S 8 5 proxy cache
scheme ZHEZE L T A[7].

7.3 BOSRBORBMNEREICET 25X

AOSROBMMBITEEZSBSE Ly v a2 BHRT
# & LT WC (Weighted Count) 733 %[8]. WC iZ LFU [F1%%
W77 e REREERE L, BEICH &S B MEOKN
LEZONDT X EWHET D, KAFEE, —EZRIN
T =2 b v v v 2 ITBMEN, TR EMLFy v
VabiFEINDETOMITYHT — X ~DT 7 EAR
THF ¥ v =2llB RV L &R L, BT
— MW EMF Y v v aNDIEEINDDICR/NTH B
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YV at A RGO T VB ARKETHDLE LTINS, &
ST, BT 7 HEASNTHrOEORERET 7 & AN |
MF¥x ot XL bSO YT — & Offifi
WFEWE LCE T — X OMiEEZHEL TV 5.

1P, AFETIEY I 2L —va VL DRI O R %
T7->TRY, ELERAWZIHMEIXITZ2R > TR0,

8. BHYIC

AR T, (AEEREEICE T 22RO A O BATE
DREEAT Tz, ZORR, 77 ANVT AT KT ext3 &
WS EITADOS R ORMRFTENTFIEL, ext2 & Hn
eHa b AOSRORHMBEENFET 228 H5 2
CEMERLE. £77, AA N OS v allBIFAHET
NIV XEOFNEMIRT 572012, BEHRaETHELN
TR EERL TRy vy v at y NEOREEIT
STz, FOFEE, LRU & MQ DOPEREITAR L, (A LERE:
IZEBWT, LRU X° MQ DZNEMITHERE L7\ 2 & 230D
ot BB, EBEORIBLREICE TS5 A 0S ¥ ¥
VA EHRABROS Frvianby hREFAAEL, FA
FOS Fvviadt vy NEMEL 2o TV D Z & ZHERR
L7z.

L%, AOBRORBPTEICE LB T LT Y XA
M+ s55L, RFHREA RN 0S THD Linux ~nDFELk
ZITo T FETHD.
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