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Picture Archiving and Communication Systems using Gfarm File System
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In this paper, PACS (Picture Archiving and Communication Systems) using large area dis-
tributed file system Gfarm was proposed. The target images and pictures are medical images
which are existed in several distributed hospitals and sites. DICOM (Digital Imaging and
communications in Medicine) is one of typical medical image standards and they consist of
real images and information meta data. Gfarm has mechanism to treat XMLs as meta data.
In the proposed system, meta data of DICOM is registered into meta data server of Gfarm.
In each distributed sites, medical images are stored on Gfarm file system and it is unnecessary
to install other applications. Thus it is very easy to manage distributed medical images. Fur-
thermore, several operations can be performed only using meta data. For example, if images
can be searched only by information which is stored in DICOM meta data, the client ask
Gfarm meta data and can find the target image without downloading whole DICOM data.
Usually, most of DICOM data is real image data and if file can be found without downloading
whole data file search can be attained very quickly. In this paper, the construction of the
proposed system was explained and the transfer speeds of Gfarm and NFS were compared as
assessment experiments.

L B0 &I DK, HHEorE, 2y rv—2fuick b, E#E
HROBHE LAV L VEIARINDI LI ICR>TE

ERFIGICE T, WL ZHIRRICET 250 T3, BFEL D 2001 4E12 Te-Japan WM, , 2006
ELTERIT OBENED STE D, FHREOK FEICIF Z Uk < TIT Froclug, £ I, 2008
fRICHEER I N THEGHE— 2008 128V TH, R

t FGHER PR LR IT 38O L LTBES T 3D, A2 Th,
Graduate School of Engineering, Doshisha University IZFFJE{%%L;MT; L >%‘b&ﬁ’€3/ﬁ#§ﬁ${-@5&ﬁ?ti YorHic

b R AEAE A AR , -
Department of Life and Medical Sciences, Doshisha %@O) @Fﬁlﬂl{%%éﬁfﬁ?ff% CEDVEETHL L "o,
%‘iﬁﬁgfﬂ%{; Bex MRy 7 b = 7 TR TRE 2 LR 230E &
i D e L NTw 5, 2 OBEMBEROBE L LT DICOM 315 <

Department of Science and Engineering, Doshisha Uni-

versity HoTnw3,

20 (© 2011 Information Processing Society of Japan



SRR AR S X T WL IR 2 SACSIS 2011
Symposium on Advanced Computing Systems and Infrastructures

SACSIS2011
2011/5/25

DICOM %, MABEHRCEBEGERLEDORX Y T—%
B, WEINLEBRT -5y MicEn 1207 7
ANELTHREENS, DX 2EMEZ DICOM
ZEMY 570, EMNIGRREAEES 274 (PACS:
Picture archiving and communication systems) #%°
IR I A (% X LT3, PACS ®HIWIZ CR,
CT, MRI &\ 2 HRESZALE D & 245 L 7= EH
%7 —5 %4, S, BHT22LThs. DICOM
EXRE T DGEICIRD LS & E Z o1 5 HRIE
WAHEE LT, X7 =% LT —5 %58, &
RERXY F—=FH =N, BEREFEZERA L -0
79 FENEZONG, ZOFEICED, X¥F—%
DHEEWNRE LTRRBTE, X7 5F—F OEd 2l
WHESR 2B 2 Z LW ETH S, FAYT—5, Hi
7 — F I S NI K7 7 7 & ATl S Hefkn]
HTh 2. EAMEGRIZEGY A ZBREWETTERL,
HHERZBONEM SN D 0087 7 A VY AT
LTI I NS, REESRPC AT LDFERIZE b R
v, BRS N EHRE ISR Z T Tw 22,
ZOBRCEZ OGN D RELFED VD EDIZ, HT Y
AW E TR 2 ) T4 R VEHOMN DD 5.
FEEPORGIZT 7 ATELRETHZ AT, B
FDTIANY —%5FBTLRIZHATH 2. DICOM
R T — 5 LEAERTH 2 BEERI Y ko
TEDZOUIDEEL2SRETH 5. RESNTE ML
BT 7 ANY AT LADHRT, T—F EZDEHTH
DAY T—Y ML TIREEL, KB OEE R B
BRI A7 L6 LU AT L7 74
)V Gfarm 23%F 501 %, Gfarm DR E LT, T4 —
Ty — Ay TEE RS Ll e - B, TS
O - ISHMEDHFE) 23D 5.

AWZETld Gfarm ZJ5H L, DICOM #itg DA
G EBMT 27 7 AN AT LRIBET S, 20
AT LTlE, DICOM D X% 57 —4%% Gfarm DX ¥
7—% XML IZkEML, HRT—F2R2 L —Y ) —
FIZaBREST 2, BT —% 1329 7—% XML %
MRTBZETEDLD, ZOBICIFLI—YITEL CT#
Y7 7 Ao Thins.

DUF, 2 ®CRYEMZ, 3% T DICOM IZDWT, 4
FHT Gfarm IZDWTC, 5 BTV AT LDRE, 6 FHT
AT LD, 7 BCHERHE, RZIC8 HTE L
b ESHBOBHIC O VTN,

2. BEMWRE

2.1 PACS
PRRERRE A L CREWME AT 5V AT AL

21

LT, TK-MIX : 20350 RER =y F 7 — 2 ) DE)
LT3, 2003 FE» BB L T2 K-MIX 1E, 7
U & FIREERZ, FIIREERIC K 2, mifR%E 3
e T 2EEEW BT 2L AT L THS, K-MIX
¥ Web 24 L7 ASPRIDS 257 L TH Y, A v —
v FEREDLSRBICT 7 ATES, Lo LHEKIC,
WL EICBIT 2L F 2V F 4 HERRED B >
720, ST A A v EAGTA L — R REE DS
EMETE ok &, RrnHfENIEToNS, ¥
72, BIRERORZEIT IR OF A 2 85 3 72
&, AV FAEC=AVFEORNTEREIC X 2 ERE
WOFEHDBTE 2 LIFF D WIRBLICH 27,

2.2 PMIFAIVRATL

GFS(Google File System) 1% Google 23t F 12 BHF&
L7774 Ve 27 5 CH %Y, GFS TliE MapRe-
duce £\»9 Map & Reduce £\ 20D 70t 2%
fAadbE, KEOTF—FHE PC 7 7 A% ETfio
TWw3, 2L, V7727 RAAINTHRW,

2D GFS 25FII L TA— 7 vHEEIN T 7
A NW¥ A7 LH3 HDFS(Hadoop Distributed File Sys-
tem) TdH 2%, GFS, HDFS T3 H MB Blio ¥
A RDRKEDT —F DI L iGN ENTED,
INE B REBD 7 7 A VEGAHEE T 2 HEAE Tl
W, F, BHO7FANCATLERLEYDIIAT
VEDRSDT7 7 A NEED APL 2L TiTbi 5720
PUHI TR 20,

Z3UZX LT, Gfarm 13 POSIX f524E API %% X —
L, ABOEFIEEAREE 35, GFS &£ HDFS Lo
MERELLEBL T, IZIEARE DT A ALMEE L, HDFS
L 0K 0% VEZAARERE R L 7 &) IR
DdH 597,

3. DICOM

DICOM &, REBS#RY:2 (ACR) & X UHLKE
THEM T4 (NEMA) 12 X 2 EAEIBR 7 +—~<» b
&G 2O BHIGERMOBE 72 P a vz E
TLLBHERKTH 2, MRI® CT 2Tl L&
FYYNVERAMRICOVWTED 5h, 1SO TC-215 T
FEESEE SR S 0 BB — DRItk TH 3,
DICOM iR %E £ L T 24 % T—F ZNEUTES
aAvFF 74—y bTHY, NAYD7+—=v b
PTF—yEEEHT 25 /ERERFEL VS, K1
IZ DICOM D% /RT,

RS 7 + —<> b & LTo DICOM TiZ, i
ZDHDICMAT, 7= A4 APLHHREH A Ak ED
MRER, BEORAPHEN T & DGR, FY

(© 2011 Information Processing Society of Japan



SRR AR S X T WL IR 2 SACSIS 2011
Symposium on Advanced Computing Systems and Infrastructures

- BEER
K%, 3£, (3%
REER

=

IR, ERA, REANE
- EHRIER

TAX, BRER, By +E
ERIER

1 DICOM DOBFEX
Fig.1 Outline of DICOM

MOEHAL EOMEBE/RRNBA Y7 =& L LTHME
N5, A¥57—41% 3000 HHY EBSHEINTE D,
BEOMBLZMIIKESHFLG LTS, ZOKIA, 7
T ANy —RHEDOBLE D S I E ~NDOREEFICS o
T3,

4. Gfarm

Gfarm IS T7 7 ANV AT LIE, Fv FT—7
THERINLEPCOR—ANA FL—C2HERTHRE
NBA =TV —ADT7 7 A NVT AT LTHB, LAN
LDPCRPC I IRY, KDV 7 ASHRLE, Ha
ZEECOFMANTRETH D, NFS AFS icfib 3
KO E R 7 7 A VIES 25 & & LT
BHFEAE T 5T 29910,

Gfram 7 7 A V¥ 25 A3, 3O TES /) —
FRECTHBRINS, T REBIBENEINLE 7 7401
SRAFL)—F, BT A NDREMBEIKME NS
AT ==, T77ANCTIRARATEIIFIAT
VETHDL, ATy =, KEWNET4 LY
FURSE, HEDT FANVNDIELRED 7 7 A4 LS A
TLT—=F %R T—=FELTEMTLIEDNLRXY
F=FH—=NEWIN S, Gfarm NI N7 74
WIZT 7R AT BRI, ETRAY T =53 — N
EEEWADY, Bl 7 74V AT L/ — i
772 AT5, K2 Gfarm 7—%7 7 F v ERT.

Gfarm X 77— 3 =%, 7 74 VOREHRDE
723, ?XML #ERIEME” L WEENn 5, XML %
T—F L L TEMNT 22 R>, ZhuE, RE7 7
AN EIcBEMTeN D XML 7 74 VEEEL
XPath ICk 27 7 A VOMREZTHEL T LR TH
2. 77 ANNEET 7R T 5 L% R
LB EDS, IMED7 7 AVHEICELTHEHE
ZIEREREZTIREE LT3,

22

SACSIS2011
2011/5/25

Other filesystems
=
__J

Gfarm Meta DB

//

Gloval network

Gfarm parallel 1/0
gfs_pio_open

gfs_pio_read
gfs_pio_write

Gfarm Pool

Gfarm FileSystem

2 Gfarm 7—% 5 7 F ¢1)

Fig.2 Gfarm architecturel)

XML XMLZE AR T =24 —\ITARTF

» (B 1525

ARTF—HXMLEAER

DICOM

BEEH)

BEBWAMDICOMET7A IV RT L/ — RITiREE
E=] File System Node Metadata Server @ Client

B3 $ES AT LHHE
Fig.3 Outline of proposal system

5. YATLDRE (DICOM on Gfarm)

51 RBEVATLBE

ARETIE, KBS T7 74 Vs 25 & Gfarm % FIH
L 7z EAIS DICOM [ A b L —Y v A7 A2 HE
T5, M3ICHRERTLOMEERT,

1 BTN LR Y, ERIERNAR A SN 5B
B, w7 7 2 ZMEICBIT 3 2 DD BER 2
VT BMENH L, i, Gfarm ® XML JhEE
I DICOM D 2 ¥ 7 —% ZHET 5 2 & Clh L%z
H#T%%. DICOM 7 7A NI SA TV b DTAY
v IMEREREL, EANERNOT 7 2 R % EYN ]
W32, £, 77A4ANMFA XDKE ZERERICT
X RAT 5T ER XML OAZFATEIELTE
278, DICOM 7 74 L2 &M LA codf Ik
W ERFOZ LB TE S, Gfarm £ DICOM
7 7 ANA~OMIE, LINo 3 THEIINS.

e DICOM 7 7 4 LV DHEEIAAR

Gfarm |2 DICOM 7 7 4 V& ##T 2 8%421%, DI-
COM 7 7 A Wb BEERE DML, 774
DR E EDBIZDICOM XY T—F % X5 T —
FH— IR, BEHRZE £ %\ DICOM
T7ANET ALY AT L — RICKINT 5.
e DICOM 7 74 VDAL
DICOM 7 7 A MIZ7 7 A $ BBIi3, 7AHY
VMIEREINTMERIIGL T, A¥T—F9—

(© 2011 Information Processing Society of Japan



SEMER R HAE S AT L AR 2 SACSIS 2011
Symposium on Advanced Computing Systems and Infrastructures

N5 BEHRERANL, 77 ANT AT L —
F256507% DICOM 77 AV E 27547 b
HMTHAELTT 7R AT 3,
e DICOM X% 57—% Ok
Gfarm I Z 1172 DICOM X ¥ 5 —% 1%, A
YT =G — TR TbNS, 7, BRI
T2 XML 24 7>u—F$52LT, X%
T = DHADHHZLT) FBFRETH .
52 BREVAFLDAYY S
RESATLCEB Ay FEMTD45TH 3,
o EfRER O
BIE, BERIHSEWIC B W TR 217> Il o
HRBWIE I G 2 KT % & ) iR ERE Y —
EADEAINODH D, wiOkE, HBEOMEA
[EHF DT 2R\ 720, BFWEHRZE 8 L T DI-
COM ZET A LICE Y, JMIcnELF—
Y DARERIFT 2 2 EHARETH D EREER DM
HICHFLGTE LN TES,
o B 5 FOEY
BRBEMZ DY AT LIBT3 2 LT, BH&IR
BEIEBE ORI —EHERZ A28 %2 %11 5
CEWTED, L EMEERE R TOR
U T 2 BIREERBE N DR R DIBIT H 2 23,
K AT LML) BEOHMI T AV FAE=F
VEIT)ZERBGICLERY 7 FRERT 5,
o [ETH G D 2L AT
AR DA A OB, HBE O ABHRIEAR
WHETH 70, DICOM » 5 BEEHRZ Dy
% Z & DICOM DA I THITE 2,
o 77 ANY AT LEKDOBRREL
DICOM (3 X ¥ 7= F HHDER 1L V7 7 4 L
THD, FRWEINIBEIBERL LIy %
DZDOF—FBIFR2DDTH S, Gfarm DOHE
e XML #8REME) Wb LTy 7947
M3 DICOM 7—% Y7 u—F352 L
72 DICOM X ¥ 7°— % DR 217 5 HHA[
ETH 5.

6. EREVATLDRE

ARFETIFHERS AT L OFELZ2ITH, FEHKRE
2008 FIZTHEAI N PC 7 7 A "Misc"® 1 / —F
ZHM AL, WindowsSearver HPC Edition 2007 @
Hyper-V BEREZ R L TIRAIMIZ S A T L B REEE L
7o, W 412 Misc 7 7 A8 ONBLERT,

A/, —FELT, X T=FH—"X14H, 77
ANTATL—FX28H, 7747V X 16%H

23

SACSIS2011
2011/5/25

4 Misc 7 7 A% DY
Fig.4 Overview of Misc Cluster
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Table 1 Specifications of a Misc host

CPU Quad-Core AMD Opteron 2.3GHz x 2
Memory | DDR2 667 MHz 8GB
oS WindowsServer HPC Edition 2007

F2 W —FickT 2R

Table 2 Specifications of each virtual nodes

Taty |1

Memory 512MB

oS CentOS 5.5
Kernel 2.6.18-194.el5
gfarm 2.4.0
gfarm2fs 1.2.1
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dem2xml XML EK Python
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dem_ptt_cmb | HEFEHRMN Python Fig.7 a flow of dgf_up
dgf_up DICOM &4 | Shell Script
dgf_down DICOM Hf$ | Shell Script
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Table 4 file size of DICOM and XML

774N | AR | | AR AR
DICOM | 135KB | 1000 132MB
XML 16KB | 1000 16MB

&5 DICOM & XML 2R L 72D
Table 5 results when saving DICOM and XML

g Gfarm NFS

real 5m22.507s  5m48.150s

user 0m20.957s 0m05.509s
system | O0mb56.123s 1mb53.721s

&6 XML 27 L RO TR
Table 6 results when saving XML

S Gfarm NFS

real 2m29.210s 1m23.912s

user 0m14.642s 0m00.098s
system 0m?26.630s 0m13.922s
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Table 7 results when saving DICOM

LB Gfarm NFS

real 2m47.496s | 4m03.428s

user 0m00.156s | 0mO00.149s
system 0m02.200s 1m49.631s
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Table 8 results when creating XML from DICOM
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user 7Tm34.788s
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