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Measurement of Virtualization Overhead
in a Java Application Server

KAzUAKI TAKAHASHI 1 and Hrtosur O1f!

In this technical report, we present our measurement results of virturization
overhead in SPECjAppServer2004, which is a benchmark suite of a 3-tier J2EE
server system. By breaking down the CPU time for each transaction, we pre-
dict the total CPU utilization in two different consolidated configurations under
three transaction mixes.

While predicted CPU utilization draws similar curves to the throughput over
the system scaling factor, utilization of each virtual machine exhibits differ-
ences between predictions and measurements, especially while two of servers
are placed in the same virtual machine.
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2. SPECjAppServer2004

2.1 Y—N—DEHATD SPECjAppServer2004 K

SPECjAppServer2004 1%, Web #—/3— (Web), Application ¥ —/3— (App), DB ¥ —
N— (DB) ® 3 2DH —N—BETHEEINTWS (K1), KAIIZE R AL VORRCH UK
BEHRLTWS. X 1D Driver I SPECjAppServer2004 iIZ&EN5 b T V¥ 2 ¥ a VAR
TRT 5L TH%. Driver DEKT 2 NTUHF Iy a VIFRICHEICHEHE KT 5 HTTP
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Fig.1 SPECjAppServer2004 System Configuration

IZ&5d 0L HEHEORE % FET 5 Remote Method Invocation (RMI) 12 & %% DT
o, ZNEFN Web, App == L THITI N5,
2.2 77U —YavDBERTO SPECjAppServer2004 #5K
SPECjAppServer2004 DEETE VAT LML LLFD 5 207 7V r—ya vy KAAL Y
Ao TEEIhTWS (2).

e Dealer D FEEEBHIC HEHIKGE R E E21TD Web RN—ADA ¥ X —7 = — A% {2t
T5.

e Customer : JEXODFE - MR - Fv¥ LA EEITS.

o Mfg : HEHE 2 8E 35, WorkOrder, LargeOrder &\ 9 2 FiHOHE T 1
YRR,

e Supplier : MfgZxfL, EBM%E$RMLT 5.

e Corporate : BFIHHRPIEFHEIFREZEHT 5.

BRD & 512, AT LIZHT 57T 27 A% Dealer »* Mfg 2@ L Tirbivd. SPEC-
jApPPServer2004 X215 2 DD KA A 2B B AN —Ty b OB ZMREDIEE Y LT
EFLTVWB.

2.2.1 Dealer - Mfg KXA YD ZVH o3y

Dealer RAA VIZIEATFD 3 DD NI U H I arvhidhb.

*x1 AR CTHE T 2H551F 4) D Section 3.7 TEFHE I NS “Research and Academic Usage” 12 L, SPEC
12 & B RARFE SRS L T 520w

Vol.2010-EVA-32 No.2
2010/8/3

@ @

Dealer Customer Mfg

Corporate Supplier

2 THVT—Ya Vv RALY T—=FT0F v—
Fig.2 Application Domain Architecture

e Browse D BAWRZEHEO—HERET 5.
e Purchase : HEHZIEAT 5.
R BT 5.

Mfg RAA VIZIZBUTD 220D SV HF o2 avhids.

e WorkOrder : AEOH Y% HNIZEIET 5.

e LargeOrder : KEFEXRIZKEOWFZHET 5.

FRENI VIV a VRV AT LOBEERT AT ) VI T 7 I 2= L T—EDE]
4T Driver 25K IS, F£72 Dealer b7 V37 ¥ a VRO EHEIX Purchase (25%) -
Manage (25%) * Browse (50%) &7->TWwW3d (¥ 1).

3. £ B&

3.1 EREKE
3.1.1 Y RATLER
Xen Hypervisor # T, & 2 O~ Y IZEB O~ V2 ERK L, Web ¥—

e Manage
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K1 Ar—=Vvr772%— (SF) 35 b7v¥rvavi—t
Table 1 Transaction rate per SF

Browse 0.500 % SF/second
Dealer | Purchase 0.250 * SF/second
Manage 0.250 * SF/second

WorkOrder | 0.225 x SF/second

Mf;
& LargeOrder | 0.025 % SF/second

x®2 Y- N—BE
Table 2 Experimental System Specifications

CPU Xeon(dual core) 1.86GHz
Memory 4GB

HDD SATA 80GB x 3

oS CentOS 5

Hypervisor Xen 3.1.2

Web Apache 2.2.14
Application JBoss 4.0.0

DB PostgreSQL 8.3.5

Java 1.4.2.19

*® 3 M~ U (3-VM)
Table 3 Virtual Machine Configurations(3-VM)

| vepu Mem
‘Web 1 512 MB
App 2 2048 MB
DB 1 1024 MB
Dom0 1 512 MB

— +App —N— DB Y —N—%HHE L (3, k4).

B, FHOBREIZEN—FNVRNTIA—=—ZDFa—o Vv IRKEI NV I TDFa—=
VO RFoTH BN,

3.1.2 ERFE

AR TIERTGRD 3 DY — N— 2RIz L D 2 DDORKTHEBRZIT o7z, 2-VM K
BIZBEWTIEX, Web & App 2E— DA~ Y VIZhE X 1, DB IZME O~ > Izl
EBEINS., 3-VM MR TIEe T~ VitiEI NS,

BNV AT LDY A X (Ar—Y v 7772 &—, SF) 28X, Av—7v bOE
B L OEY —N—12B1F 5 CPU XD Z/L2 BT 5.
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F 4 KBS Y UK (2-VM)
Table 4 Virtual Machine Configurations(2-VM)

| vepu Mem
Web+App 2 2048 MB
DB 1 1024 MB
Dom0 1 512 MB

K5 Dealer NAT YD MFTUHF IV avodlEs (%)
Table 5 Transaction Ratios in Dealer Domain (%)

mix Browse Purchase Manage
mix0 50 25 25
mix1 60 20 20
mix2 40 30 30

KIZENT VYT a v EMANCET U ZOBEOY —N—HF0O CPU #HRE2HIET 2
ZOMHICHEDEV AT LBROERE FHIL 72 O L FHEO K E1TS. BN 5
VYT avOFEFITIES) DHARTA RSN KT N=F .

LEMIEIZBWTIE, Dealer FAM VDRI U ¥ o arvndlEgia®Rs 0L 5 ICELS
B, FHEMEE LEL 72, mix0 & SPECjAppServer2004 O Y ¥ )L TdH b mixl, mix2

138 % Browse NI U H Y 3 v DEEEMBEIELZLDTHS.

RO6LRTIH, &SI ¥ravdho CPUKMESRKAYY Yy It
HDTH5B. ZHld, Xen ® Domain0 (ZH\WT xentop T CPU HHEKEZHEL 72D %,
BB~ S I EFIVIEL TR L.

Dom0 1%, Domain0 DHfZFELTW5. 728, % 6 D Web 5D WorkOrder & Large-
Order (27 =X MBEIEL VDI, 15 Order FRMI 7272 AD NI V¥ o> a v Th
D, Web b= N—DBNIELBVATHS.

3.2 ER&ER
3.2.1 RIL—Tv DB
3-VM (2-VM) i85 & mix DAL—Tv b %E3, @5 H7(E4, M6 K8

ARY. 7z, Total &I Dealer & Mfg KA A VDALV —=Ty hOEEHETH 5.
WIFND T T 7IZBWTH Dealer KA A YDAV —Ty MESF=11%2¥Y—2 L, SF=14
T RoTWBHLEDNS
E U mix (28135 Dealer h T V¥ 7 arvDAN—Ty bEHRHIET S L 2-VM Tl
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%®6 #b7v¥rvarvo CPU K 3-VM (ms)
Table 6 CPU Time per Transaction in 3-VM (ms)

‘Web App DB Dom0O | Total
Browse 5.11 71.28 4.36 6.62 | 87.38
Purchase 1.50 38.51 5.93 3.48 49.42
Manage 1.43  42.03 7.61 4.12 55.20
‘WorkOrder - 2279 12.85 3.91 39.55
LargeOrder - 46.09 8.57 4.45 59.11

K7 &bI7v¥ a0 CPU K 2-VM (ms)
Table 7 CPU Time per Transaction in 2-VM (ms)

Web+App DB Dom0 Total
Browse 70.95 4.24 3.71 78.89
Purchase 37.71 5.69 2.78 | 46.19
Manage 41.25 7.21 3.34 51.80
WorkOrder 22.56  12.50 3.80 | 38.86
LargeOrder 44.91 8.19 3.80 | 56.90

SF=11 £ TITIFMBIHML TV DY, 3-VM IZBEWTIHENOEERNELTWE., Zh
X, EEUEDOEHR L\ 3-VM OF —N—~y RDELEZSND. —J Mfg b5 P2
YarDAN—Ty ME 2-VM & 3-VM fIZHAELENRSNT, WTFhOMEIZE W T
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Fig.9 CPU-Utilization (mix0, 3-VM)

120 T T T

pred. (Dom0) ——1
(DB) wasem

100

80

60 -

CPU Utilization(%)

40 +

20

5 8
Scaling Factor

11 CPU % (mix1, 3-VM)
Fig.11 CPU-Utilization (mix1, 3-VM)
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Fig. 13 CPU-Utilization (mix2, 3-VM)
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Fig. 10 CPU-Utilization (mix0, 2-VM)
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Fig.12 CPU-Utilization (mix1, 2-VM)
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