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Abstract: As the increase of large-scale Web services, Web applications are increasingly sophisticated. The
increase of smartphones makes traffic to Web servers increase each day. Management of Web servers is
increasingly important. When a Web server receives resource-hungry requests, administrators of the web
server must control the resources flexibly. However, existing resource control methods process mandatorily
such as denial, disconnect or the like of the request when the number of simultaneous connections, request
per unit time, CPU used time or memory utilization exceed a certain threshold value. These methods can’t
control resources processing request. In this situation, if one request has the potential to occupy a majority
of computer resources, the server process can process other request in principle by separating resources of the
server process temporarily without using up the saving of computer resources. In this paper, we propose a
resources control architecture separating computer resources virtually by a HTTP request for a Web server.
Each HTTP request processing is allocated virtual computer resources temporarily and the request is process
within the limit of the allocated computer resources in our architecture. Therefore, each request processing
has a very small effect if clients access to contents heavily or a particular content occupy a majority of com-
puter resources. If a request has the potential to occupy a majority of computer resources, our architecture
can process the request continually within the limit of the allocated computer resources without denying or
disconnecting requests mandatorily.
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FUMITHY) 2 T A M EE—O T 0L X CIEE L
T A0, =T avkR%H 50 LD v — A5EIE
IZEID BT TBLIERETELZVWEWIMEDH 72720
Thb. ZOFNITLBMERELOF — N~y FHFEER L
MBRWRETH 72, =1y FIZOWTIZ4ETE
LT 5.

DL BT —FT I F v EFEREIILST, 2 IET
F v NEALTY v =A% LoWEAE, RERTEOR
BRI & LA G HET, V7T A MIEINL KA
MERIZE D, 7+ MZEY B TLRACPUMHE
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Apache Process

mod_mruby

mruby
(libmruby.a)

mruby-cgroup

libcgroup
Linux cgroups

1 Apache & mod_mruby & cgroup ® B4R
Fig. 1 Relationship between Apache, mod_mruby and cgroup.

HRT22LbTED. ZOYE, 120 72X, 7-
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K CPU HZ=OELTE 20% & LT, RAMEEREK
5rl, 7H v beRTo o AEAIIH L TRA
CPU IR OEM T A 50% T 52 L bTE 5. iU,
cgroup D 7T ZADELITG L TE L O THIFT 2 S
&, TR AHRATY v — AFY THBEER T 5 e
MAGDLEDLZEICEVERTES, 20 L) IRET
X, OSOART V2 —FDTELEFFEHEICTOTLRAILY)
VARG T DA EE L A5, cgroup DIERE R
FioTTF Y FHLVIETCCI 7Oy T LT AH) 7T
A PRI L TOADES, HDHVIE) 7T A MM
BT 24 DT O AZOWT, EHESZFOENT
BLIAIZED )Y — AR ZHBINICITZA S L) 12T
LL5DTH5D.

JUHHY 22 Web H — SORERRILIR I/F 1213, fAAHR A
7)) 7 MEiE% Web T —NIZHAATL 2 ET, A7) T b
SREIC D 5T Web — & mHin0E A E ) ICHERE
P9k T & % mod_mruby [22] ZFJH L72. mod_mruby &,
R 7% Web =23V 7 b7 =7 @ Apache & nginx [12]
? Web ¥ — \FEREdLE %, Ruby 12X o THEZIZHLED
TRETH D, @mHEIOBEAT)ICEET A, £72, ET
AT —FT77Fx¥Tl, V7T APMZTLIZRuby Titib &
N7 EZ i AAT 729, modmruby @ & 9 12 Ruby T
Web ¥ — \O#REZ FLAB T RET, V) 7 T A P HALTREIC
BfET 5 Web = HEREILIRIE, KT —F 7 7 F v D5
WL TV 5.

1 12 Apache & mod_mruby & cgroup PR % /RT.
Ruby A2 1) 7 k5 Apache DNHL APl # #{ET& % X
912, Apache 12 mod_mruby % #AATe. [A£1Z, Ruby
A7) T W5 cgroup HIRIET 5729012, cgroup ZIET
LI2ODY AT LT AT T THb libegroup * Ruby T
Hil# T & % & 9 12 mruby-cgroup 3 & WY PLIRE Y 2 — L
wFEETLH, UL 5T, Ruby A2 1) 7 b225 Apache
NEDOIEHRZRAGT L7220, ZoEH% b & 12 libegroup %

*3 https://github.com/matsumotory/mruby-cgroup
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1. Request
cpu.cgi 2. Run Ruby DSL
mruby
mod_mruby Config 1
6. Response Target cpu.cgi
: P Apache Server Process CPU 10%
Client - T
i 3.Create | 4. Atta
3 . ch
5. Detach 1 ‘i/ Config 2

Target io.cgi
cgroups 1 (cpu.cgi) PU 50%
CPU 10%

Disk Write 1MB/sec

2 Linux D FEHEH]

Fig. 2 Implementation example on Linux.

r = Apache::Request.new

if r.filename = "/path/to/cpu.cgi”
cpu = Cgroup::CPU.new "cpu_group"
if ! cpu.exist?
cpu.cfs_quota_us = 10000
end

cpu.create
cpu.attach
end

3 1) — AL — VR

Fig. 3 Example of resource control rule descriptions.

PEL720 52 LD REICAR .

K22, M1O7—%77F vX% Linux L CEET
% Apache [ZERET LB EDT —F 7 7 F ¥ OHER % /R
3. U V=R Ma—FZmruby & mruby-cgroup A3H
W, F O F Web — N E T ST B B RESLIR A
% mod_mruby 2%H 9 . i)V — V1L Ruby ORESCTRLR
L, 774N, 4 L2 b, KA NHEME, KL REM
PH Y — AGIEIXROFEBE AT L o TWD, T,
cgroup \2 & % 1)V — ARSI ET A 2 L A HET,
V7 XA MECTCTICHFET LA EZ0HBEFAL,
FAEL 2 WIGE I CHI A MR 5.

Ruby THik SN72&FE Y v — Xl — v IiZHE-> ¢,
74T IR0 7 T A MO Y — 2 FHIHET
5. 312, cpucgi IV IV AN HoT2HEIC, £D
)7 T A ML ZRK CPU A 10%D ) vV — A5
SHET AYE D)V — ARV — VR G & R

M 3 ® &9 IZ, Ruby TRLak W REZRARREILIRA & 7 = —
A2 & - T, Ruby OFfEMAAE S £12, Vv — AHilHIIL —
WV EFERICRR T A Z e REE 2B, F/, SKPFELT
FIF T 2R A M%7 7 4 VSISt L Ltk
BEFTHRL, BEMOKRA b2 AL, RA ML
B % %% 7 — ¥ % Key-Value Store (KVS) O &9 7%
F= I R=ZAIRELTBWT, V7T A MRIZKA M4
X —ICRRERHURT A &9 %5k b Ruby THEZEWFET
H D7D, HIHEHIV— VAN R A PRI L TRRICR
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targets = %w(

targetl.example.com
target2.example.com
target3.example.com
target4.example.com

)
r = Apache: :Request.new

if targets.include? r.hostname
¢ = Cgroup::CPU.new "httpd-limiterd"
c.shares = 25
if c.exist?
c.modify
else
c.create
end
c.attach

b = Cgroup::BLKIO.new "httpd-limited"
b.throttle_write_bps_device = "8:0 30000000"
b.throttle_read_bps_device = "8:0 30000000"
if b.exist?
b.modify
else
b.create
end
b.attach
else
¢ = Cgroup::CPU.new "httpd"
c.shares = 75
if c.exist?
c.modify
else
c.create
end
c.attach
b = Cgroup::BLKIO.new "httpd"
b.throttle_write_bps_device = "8:0 100000000"
b.throttle_read_bps_device = "8:0 100000000"
if b.exist?
b.modify
else
b.create
end
b.attach
end

X 4 FKAMNELTY V=R %50

Fig. 4 Separating resources for each host.

Lhw, Fi, HHliL—-LE Ty s LTBLIODT = —
L, H=NOVARA%ERTHLETHD) 7 T A M
W, T78AF v 7, VAR RERER, LAKSA
EBETH 5.

K42y —Afl#EIv— Loz rRd. M4 T
X, 50 COEANLI VPR T 55 A N EA5RIZ,
)7 T AN REDORA N THIILEAEM L — I L HE
L, &fko CPU @ 25%, DISK I/O D Ktk & ik
% 30 MByte/sec iz 5 £ )12V — A& 5HET 5. W4
DA A MZxf L Tld CPU % 75%, DISK 1/0 DA
& Ot % K 100 MByte/sec I CE 5 L 9 IZREE L 72
BITHAH. cgroup I2L D, 7HEAHFIHTE LA
TYHHEZHIRT S 2 L IIWEETH B, Aif7ETid)
7T AN EHKERIUE L 225 R/ LR HGE
LTWa 7o, Alidsdg s Lixwv., F72, KR T,
EEET VT T F Y P AFRICE D EEREICT VP ERE
LTWA L) BRI AT LT, fFEDTFH ¥ M L TCPU %
100%E 5 &5 % CGL 70 7 F Ak L Cie K=
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AHIRT 222k, 7079 L08EIMKGET AL
%< CPUMHHEAHIRTE, 2 OoEEMICELITZ 5
72, RATA VT —VCAD LI EHEESHLETO ST
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7 A MBI 5 EEMAEINT 5. 20720, 75
I BAL T o [F RS & HIRR 3 2 ek R L LA B b,
WATMBLEN L) 7 T A bOFE D TIMZ 5 L9 %
EHEAT) CEHPRLETHH. T2, GIRSRE R -727
F UMDV TIE, FREERERIC X BHIBRZ T TE% <,
CPU =L DAL > THIRATREE 22 57280,
NF Tld CPUL00%fH$ 2 L AR ¥ 212x) L [l B
1 & LOHIRTE 220 72K T, CPU33% %D k%
k3 Lwy k9, CPU Y V—AGHIBRLZR2S HH
B 2 CE LR L E Vs 2ERICHIEZ 5
NbLEHIThD.
PERTETIE, BEA BB LAGEICY 7 A b R,
HHWIE, FRIL T, RFEECIEMEY B 7256
12, 60007077~ 7GR S N7V — v iz
Peo T, ALY Y —AEHELZRE Loo b Hkfn
V7T A NI B EHNTREE LS. E512, Web
F=NV 7 b7 = T NEOE#RR OS DAMIRILZ ZE L
R, AR A N, T AN, Fa Ly b)) HALOH)
Y, Ruby OHIEIREEIC X > TRIKICEEARTE, WA
BEwv, 72, Ruby A2 T A2 EET LI LT, —
NTOERAEHGHEMART LI LR L) TNV A LTEME
LR AT CEXDRRED EEL T L0, EHICBWT
bEEIL V., —FT, AU T NOEEALEL Lk
WAL, FHATICHhEa - Ficary i LTsn, Y
JIAMRICHB - FEFETTLI LTI ERICEE
SHLZLELUETH L. %B, modmruby (L EHEICH
DEAETYTEMET A2 LD, AFFEOTO T I TN
V=V a R T AEREICE L TBY, =1y Kbk
W E S0 TW D [22].

4. VY —=ZHET7 -7 7 F v DEXEDOFHM

RET DY Y= AT %77 F v OFFi £ 47 720
12, CPU HlIfkkfe 2 lAAE 2 LI X B4 —3Ay R
Y — AHI O 247 > 72, ) 7 ZA L BAIT CPU
D)V — AHIEAEE S5 CThiE, HTTP ) 7 T A b H
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HTTP V) 7 T A FHATTY v — ZHHASER T E L, &
HERER AT 4 Y ZBBEO LI, TabAEEE LS
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=1 ERER

Table 1 Experimental environment.

JHH Hopk

Client | CPU Intel Core2Duo E6600 3.06 GHz
Memory 8 GBytes
NIC Realtek RTL8111/8168B 1 Gbps
oS Fedora 18

Server | CPU Intel Core i7-4770K 3.5 GHz
Memory 32 GBytes
NIC Intel 1217V 1 Gbps

Middle-Ware  Apache/2.4.6
OS Fedora 19

BEOFRA M) 7 22 BT 5 X9 BREET
HoTh, £V I/ TAMD) Y —AflifE*RETE 57
B, FAMHD) Y — ZFHE DL T 5 T EHREL 72 5.

PERERHMEi S LT, K7 =727 F ¥ DEAFHKTY vV —
AHIEAS R TRV 7 T A N OWEEIC EOREEVDD S
A, )7 T A ML OEWIZ L > TY V — AFIOFE
FEIZEPENIEZEE L0 %F L. |1 ICT A b
WO~ Y ANy 7% RT. £72, Apache DIRAEA A
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Apache D/8N—3 3 2 246 DT 7 4V FEED 250 70t
Ak L7

F9, A7 —F7 7 F ¥ 2 EATHI LT, VYV — A
R TR 7 A P OWURRICEDRERZRDV D D%
S L7z, R E LT, VY —AHBM T —F7 2 Fx
DD KIZT L7720, V7T A MGRDOT 74
U iZ hello world 2 )3 47217 0&M 7% HTML 7 7 1 )V
EL7, ZOT7 74 ML, R1OTAMRED) YV —
A% FHIHERTE S L)1, FHERD S FREH K
100, #EHH 10 D) 7 A M8y — v EPuE L, FFHl
Zfiols. NyF—=r V7 by Tl ab I~ Y F[15]
L7, ZOfEE, V—AHHT—FF 7 F v 28
AL TWZRWnWgAIE, 1 RHIC 3291546 1) 7 = A b ALHR
TETBY, VW—AHHT—F T 7 F v ZEALTVS
WAE, 3232207 ) 7 T A MUHEHTE Tz, ZOHRD
5, V=AM T —*7 7 F v %BAT LI LICLER
Mvty 7kl AnwEEzoN%, 72, CGI 77U
FILADE) BENa YT Y ORI, Bar T
YOMEE Y H% 0 CPUMMAKEZMHT A2 &%
Wics, a7 vy TEAT E A REOMEETH NI,
Bar sy yDGEbmHTES.

RKIZ, V7 TA ORI OZENIZE ST, YV —RA
B ORI E NI EEADP AL 2002540 L7z, 3F
HEELT, YoV AZ ) 7 b CTHHIZ while TV — 7%
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Fig. 5 Resource control accuracy regarding the difference be-

tween request processing time.

T ANHIL BV — T TH L7280, CGL 707 T AIIxf
T5Y 7T A MLEEROIEEA S, Web H—/NET
CCGl 77 FLDLAKY ZA%ET Web H— N7 104 2
O CPUMHMEBBORAFAMLTHELEEZOND. £
DCCI7aZ 2 LT, VY —=AHI#T =572 F %
2L ) CPU %% 50%ICHIBRL, &1 O7 X MRED
)V =A% THIEHTE S L) ICFMIEREDL HHE L7z
IR EREEL 10, #3EH4 1000 T, CGL 7R I 412 7
IAN2%EL. CGL7UZ T LD 7 T A NALERREERH
EEALE LS, 1Y) 7T A NOWEIZ 0 h - 72 HE R 28,
1) — A & LT R WA 1T o 2 B & Jhig
LT, MEENENZITERT LT 22EME L. Z0OH
ZPEREMIER LR L1235, 50%I2Y Y — Al L C
WA, TERERITEIERAY 50% 2 AU wIE &, RS
VY= AHBTETWBE I LR 5.

X 5121 27T A O 22 L S 7235560, Y
V= AT %77 F vy OWERNEEEZRT. K50
£912, 1) 7 A b OWIEEEH 2 0msec 25 6 msec £
FEDWEL, £1 D7 A MREIZBWT, ASKHIE L 72w
50% & 0 b, L DESHEEDSHIE SN TS ZLAns.
Mg, CGI 7u 279 4% CPU % 50%LL EE CT& Tw
HTWZ LIk oTHELTEBY, CPU % 50%LL EiHE T 5
7077 ATHIE, IEEIC 50%ICHIEITE 5 2 &0
5. EERBREIIZBWTIE, 6msec LLEY 7 T A NLEIZ:
MASH 5 &9 %P, TEAEICHEREE 50% 12l < & T
Wb ZEDWnA.

PEXY, V27T A NHEATY Y — 2D A% i
BRI 25HA1I2BWT, RFEESAEIHERETLEEZON
5. HIERHEIC LD, VY —RA&E5ETHL) 0 T0TT
M LT) 7T AN Holze LT, BHENKEL
7-CPUMHZ 2z 5 3w, T4bb, SEME
THMD) 7 A MG X HE8E, )7 T A LR

1023



RS 2R

DORNZHPPDOOFTRETE S, 21 THERZE I, &
B IVF T+ v P HRICBUT BIERDHIPRTE 1P %
HEBE L 22550 7 T A MHALTY Y — A EFIH$ 252 &8
TERVHWHIRFETH Y, HIRICL > TH—NE%%E
SELELTD, 2—HERBOBEIIREHETTL L)
SN D 57208, Uy T ARG, HDHVIE, UET S
& B R LBR X ) ) — 2 DHIRR AR ICEIH T &
720, WEIIMEHICEZ 2L DDL AR A EETRE
Y, KFFEOHMNEERTE 5.

5. TV

AKWFETIE, BRENIN—FT 27V — A CTEHERIC
RANBNWET LB, B — N7 0L 2 THEED
ANEERTLGEAICAEL D) Y — AHIBE OREZ fFg$
L7002, V)7 T A NEACRBMIZ) V=A% 5HET A
Web #—"D 1) v — AHIHEER 2125 L7z, AFHIC &
D, 120) 7 ZAXAIMPN=FT7 7))V =A% RKELH
HLEHELTY, MY 7T AMEMEL Tn5 71
T AMT, VY- AEFOREDL LR VIKELFER T 5
EDRTEDLD, D) 7 T A MNP TERL LD L9
B EWELRW, F, )7 DA MLE AN - EST
BTl HEIIC) = ARHMTES, S5, YR
7 LEFHE AT Ruby THRIKIZ Y Y — ZHI# L — b % S0k )
BECTH L0, SRR Y — AHIEICEY 2B
L, WET&ELEEZTVD,

Ltk KOHEMELRY) Y - AEHOMEL RIS 57200
HEFICOVTHE LTV FETH L. FEREHTIE,
DT —FF 7 Fx%k, Y VFALy FRISLIEFEY1/0 Bo
Web # =17 —F7 7 F v Zbxn s, JUANZRA ¥
Tr— AL LTEETLILET, HED Web H—NV 7
MY 27 COEBRICY Y —AZ2HIITEDL XN D EE
ZTW5,

SENH

[1] Ben-Yehuda, M., Mason, J., Xenidis, J., Krieger, O.,
Van Doorn, L., Nakajima, J. and Wahlig, E.: Utilizing
IOMMUs for Virtualization in Linux and Xen, The 2006
Ottawa Linuz Symposium (OLS’06), pp.71-86 (July
2006).

[2]  Che, J., Shi, C., Yu, Y. and Lin, W.: A Syntheti-
cal Performance Evaluation of Openvz, Xen and KVM,
IEEE Asia Pacific Services Computing Conference
(APSCC), pp.587-594 (Dec. 2010).

[3]  David, J.: mod_limitipconn.c, available from
(http://dominia.org/djao/limitipconn.html).

[4]  Felter, W., Ferreira, A., Rajamony, R. and Rubio, J.:
An Updated Performance Comparison of Virtual Ma-
chines and Linux Containers, [EEE International Sym-
posium Performance Analysis of Systems and Software
(ISPASS), pp.171-172 (Mar. 2015).

[5]  Garfinkel, T., Pfaff, B., Chow, J., Rosenblum, M. and
Boneh, D.: Terra: A Virtual Machine-based Platform

© 2018 Information Processing Society of Japan

Vol.59 No.3 1016—-1025 (Mar. 2018)

[10]

[11]

[23]

[24]

for Trusted Computing, ACM SIGOPS Operating Sys-
tems Review, Vol.37, No.5, pp.193-206 (Oct. 2003).
Garfinkel, T. and Rosenblum, M.: A Virtual Machine In-
trospection Based Architecture for Intrusion Detection,
NDSS, Vol.3, pp.191-206 (Feb. 2003).

Goldberg, R.P.: Survey of Virtual Machine Research,
Computer, Vol.7, No.6, pp.34-45 (1974).

Habib, I.: Virtualization with KVM, Linuz Journal,
No.166, p.8 (2008).

Poul-Henning, K. and Watson, R.N.M.: Jails: Confin-
ing the omnipotent root, Proc. 2nd International SANE
Conference, Vol.43 (2000).

Kivity, A., Kamay, Y., Laor, D., Lublin, U. and Liguori,
A.: KVM: The Linux Virtual Machine Monitor, The
Linuz Symposium, Vol.1, pp.225-230 (July 2007).
Kovéri, A. and Dukan, P.. KVM & OpenVZ virtualiza-
tion Based IaaS Open Source Cloud Virtualization Plat-
forms: OpenNode, Proxmox VE, IEEE 10th Jubilee In-
ternational Symposium on Intelligent Systems and In-
formatics, pp.335-339 (Sep. 2012).

nginx: nginx, available from (http://nginx.org/ja/).
Prodan, R. and Pstemann, S.: A survey and taxon-
omy of infrastructure as a service and web hosting cloud
providers, Grid Computing, 2009 10th IEEE/ACM In-
ternational Conference, pp.17-25 (October 2009).
Soltesz, S., Potzl, H., Fiuczynski, M.E., Bavier, A. and
Peterson, L.: Container-based Operating System Virtu-
alization: A Scalable, High-performance Alternative to
Hypervisors, ACM SIGOPS Operating Systems Review,
Vol.41, No.3, pp.275-287 (Mar. 2007).

The Apache Software Foundation: ab—Apache HTTP
server benchmarking tool, available from (http://httpd.
apache.org/docs/2.2 /programs/ab.html).

The Apache Software Foundation: Apache HTTP Server
Project, available from (http://httpd.apache.org/).

The Apache Software Foundation: Server — Wide
Configuration Limiting Resource Usage, available from
(http://httpd.apache.org/docs/2.2/en/server-wide.
html#resource).

Xavier, M.G., Neves, M.V., Rossi, F.D., Ferreto, T.C.,
Lange, T. and De Rose, C.A.: Performance Evalua-
tion of Container-based Virtualization for High Perfor-
mance Computing Environments, 21st Euromicro In-
ternational Conference on Parallel, Distributed, and
Network-Based Processing, pp.233-240 (Feb. 2013).
ERESIER, FrIE =, M BT, A, BFIA— | Linux
@ Cgroups (2813 % CPU throttling O VEREFFAM, 2013
R THEE SRR A AR - ¥ A7 A BRIk,
No.1, p.58 (2013).

IAARZES L LIRS Web ¥ — NOBER~ VT 7 F
YT =FT 2 F X ICHT A%, ATk

(https:/ /repository.kulib.kyoto-u.ac.jp/dspace/handle/
2433/225954), AT (May 2017).

MARZES, WEFS © ALy FHACCTHIRGEER 1T Web
=0T 7w ARG T —F T 7 F v, BTIEREES
KFiOCRE, Vol.J96-B, No.10 (Oct. 2013).

ARZE, WEFFES  mod_mruby © A7 1) 7 M EFETH
HADE A E ) IHIRTTRE S Web H — /SO R REILIR 1%
FEAE, NEHUEERE 6N vy — %oy b LA
¥ ART W A T0TS2013, pp.79-86 (Dec. 2013).

AZES Y, NECGR], MR | RBBEILE T Web /¥ —
FXNVKRAT A4 v 7EBEOLF ) T LEHEA O
o, AL A TCEE, Vol.b4, No.3, pp.1077-1086
(2013).

WA, ZBIEA, TR, SEARECHS @ & A

1024



BHAIEF=EmNEE Vol.59 No.3 1016-1025 (Mar. 2018)

TNV FTFF b Web B — 3O KHEBEFIEEIN, EH®
MBS WG A v ¥ — % v b EEHE 10T),
Vol.2017-I0T-37, No.1, pp.1-8 (May 2017).

WA = (ERH)

2015 4E RN R K BEE R e R HE
LR HLALURRRE R . [Al4E GMO
RONRBR S AR, 2016 4E & b <
INRIFZERT EREZEE . s RS
(HEHRFE). OSRH—NY T hT 2T
425 —% v hOERHEAM P F 1)
T A4EICER A D, BT EROEERARE.

AR ERER (ExE)

1999 4 H TR L KL F 3 BUA 7 FF
. 2002 ARSI T AT, 2008
FERRAR ST TR A2 /R T, 2012
ERR St paperboy&eco. (3], GMO
~NOXFRRR ) At 2016 4R X D)
~OKRIFZERTITER, 2017 4F & ) GMO
ASOSRBRA S I CTO. A1 v =%y F =Y AD
B%S, HfrkeE S c Bk 245>, ATHREFAAE.

F& HFH  (ERR)

1988 4E UL KSR F B T 5e RS

TERARRIE T, FAERUER S LB

- F. WRFERBF L > 5 — B

‘ h BEERFRT, 2002 4E X 0 RS540

- HWA T TRy 7 —#d%. it (T

). 2005 4F &) BN IGERGETFRRT RS

B¥IZ. 4109 —F 9 T —FF77F %, 2y T—2 -

X o) 7 FICEEEFD, VAT AKIEERYS, H
K7 o= TEEES, IEEE, ACM £48.

© 2018 Information Processing Society of Japan 1025



