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Introduction

SFLHQWLAF GDWD FROOHFWHG ZLWK PRGHUQ VHQVRUV RU GHGL
VFLHQWLAF GHVLJQ 7KHVH GDWD DUH REWDLQHG PRUH DQG PR
FODVV RI VFLHQWLAF H[SHULPHQWY DUH LQ IDFW XQLTXH EHFDX)
WR VXSHUVHGHG E\ QHZ H[SHULPHQWVY LQ WKH VDPH GRPDLQ IR
LQYROYH PXOWL DQQXDO GHYHORSPHQWY DQG D VLPSOH GXSOL
DIIRUGDEOH 2WKHU VFLHQWLAF H[SHULPHQWY DUH LQ IDFW XQ
FROOHFWHG GDWD LV "WLPH VWDPSHGpu DQG WKHUHE\ QRQ UHS
VFLHQWLAF GDWD FROOHFWLRQ LQFUHDVHG GUDPDWLFDOO\ LQ
LQYLWLQJ IRU FRPPRQ UHAHFWLRQ LQ WKH FRQWH[W RI "ELJ GD

TKH QHZ NQRZOHGJH REWDLQHG XVLQJ WKHVH GDWD VKRXOG EI
DUH PDGH SRVVLEOH DQG OHDG WR DQ HQKDQFHPHQW RI WKH L
SROLFLHV DQG FRXSOHG ZLWK PXOWL GLVFLSOLQDU\ WHFKQLTX
VFLHQFH W LV WKHUHIRUH RI RXWPRVW LPSRUWDQFH WR SXUV
GDWD DW ORQJ WHUP 7KH SUHVHUYDWLRQ UHPDLQV QHYHUWKHE
WKH IUDJLOLW\ RI WKH FXVWRP PDGH VRIWZDUH HQYLURQPHQW\
DOJRULWKPV

TR DGGUHVV WKLV FKDOOHQJH WKH 35('21 SURMHFW KDV EHHQ
SURJUDP D %LJ 'DWD VFLHQWLAF FKDOOHQJH LQLWLDWHG DQC
&HQWUH IRU 6FLHQWLAF 5HVHDUFK &156 35('21 LV D VWXG\ JUF
DQG LQVWLWXWHY 6HYHUDO PHHWLQJVY DQG ZRUNVKRSYV OHDG V

TKH SUHVHQW GRFXPHQW LQFOXGHV FRQWULEXWLRQV RI WKH S
SDSHUV UHODWHG WR WKH VELHQWLAF FDVH PHWKRGRORJ\ DQC
UHVRXUFH SRLQWLQJ WR D FRQFUHWH DQG VLJQLAFDQW VFLHQV
WR FXWWLQJ HGJH PHWKRGY DQG WHFKQRORJLHV WR DFKLHYH W
RI VFLHQWLAF GDWD SUHVHUYDWLRQ ZRXOG EH KLJKO\ EHQHAFL

KWWS SUHGRQ RUJ
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DATA PRESERVATION IN HIGH ENERGY

Cristinel Diaconu and Sabine Kraml

The quest for matter intimate structure have required increasingly powerful experimental devices, stimu
the experimental discoveries and technological advances. In most cases the next generation collider ope
higher energy frontier or intensity than the previous one. With the increasing costs and complexity of the exp
installation, the produced data became unique and non-reproducible. In turn, the re-use of old data may lead
results when new paradigms and hypothesis can be cross-checked against the previous experimental condit
data preservation in high energy physics appears to be a complicated though necessary task and an inte
effort is being developed since a several years.

Size and circumstances H[SHFWHG WR UHDFK VHYHUDO K
GLVSOD\V RQO\ D IHZ H[DPSOH\

AW WKH HQ®WW WKADGH RI WKH[SNWLFHQWX WD NWIK®M)] GDWD LQ \

IRFXV LQ KLJK HQHUJ\ SK\XUPWONKDIW UHWPHDDEIO\LWR RWKHU VFL

RQ WKH /DUJH &ROOLGHU /+& ®DWSE(RY HUKDLF® RSHUDQHM DVH

PDLQO\ DV D SURWRQ SURWRQ LSBEWKRIOORGWUHRQBDRXUUHQWO\

D FHQWUH2RI2PDVV HQHUJ\ RI XS WR 7H9 $W WKH VDPH

WLPH D JHQHUDWLRQ RI RWKHU KLJK HQHUJ\ SK\VLFV +(3

H[SHULPHQWY DUH FRQFOXGLQJ WKHLU GDWD WDNLQJ DQG ZLQG

XS WKHLU SK\VLFV SURJUDPPHV 7KHVH LQFOXGH + DQG

=(86 H[SHULPHQWY DW WKH ZRUOG:V RQO\ HOHFWURQ SURWRQ

HS FROOLGHU +(5%$ GDWD WDNLQJ HQGHG -XO\ %D%DU

DW WKH 3(3,, HH FROOLGHU DW 6/$& HQGHG $SULO

DQG WKH 7HYDWURQ H[SHULPHQWYV '* DQG &') HQGHG

BHSWHPEHU 7KH %HOOH H[SHULPHQW DOVR UHFHQWO\

FRQFOXGHG GDWD WDNLQJ DW WKH .(. HH FROOLGHU ZKHUH

XSJUDGHV DUH QRZ RQ JRLQJ XQWLO

TKHVH H[SHULPHQWVY DQG WKHLU KRVW ODERUDWRULHV KDYH
VXSSRUWHG WKH LQVWDOODWLRQ RI DQ ,QWHUQDWLRQDO 6WXG\
RQ 'DWD 3UHVHUYDWLRQ LQ +LJK (QHUJ\ 3K\VLFV '3+(3
KWWS GSKHS RUJ 7KH VLWXDWLRQ KDV EHHQ VXPPDULVHG
LQ WKH UHFHQW UHSRUW > @ R FigltK. Hata3chdBdb WM 36ple df HER XxSerin2@skh the last
RI WKH PDLQ UHFRPPHQGDWLRQV LV WR SURFHHG WR D FRPSOHMW
SUHVHUYDWLRQ Rl WKH GDWD TWrHWZADKHH Q8 GJR HWDGEIFFW D + 8Q X
LQVWDOO DQ LQWHUQDWLRQDOVRYHUPIO/ AR PRBQ H.[Q W\K BDIHMH @ VW
B3UHVHUYDWLRQ LQ +(3 )ROORZAKHU W K/IX\S HIUHLFRRWP FSHDO\ED WHW @ D U
WKH (XURSHDQ 2UJDQLVDWLRQ OPW 1K FOHWPBD I5HY RD BRR BH/NVLQ J
KDV DSSRLQWHG D 3URMHFW 0 DRXOQJW K \D Q7K 1) RS HO D E RDW WRIY Wk
FROODERUDWLRQ DJUHHPHQWYV GADRVEHLW\IQ®IG E X W KIHO B B MR K H+ (X
FHQWUHY DQG IXQGLQJ DJHQFLHEFOXGH V\VWHPV Rl VHYHUDO O
VSHFLAF WR WKH FROODERUDWL|
TKH VL]H Rl HDFK Rl WKH GDWD VHWSYHREWWXH GHYBHIRWRGVY QJQ DC
H[SHULPHQWVY YDU\ IURP WRDQG@D FLWK. YH& FRPWOH[ DQG Ul
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RI PHWD LQIRUPDWLRQ LV HVVFCQ—WWDK)JX\ARHV\H{BP)&IXHHLR/LWWQBL*Q(
WKH PUFROOLVLRQuU GDWD DV WKH FHQWUH DQG ULJKW AJX
WKH UHGXFWLRQ LQ RYHUDOO I
TKH H[SHULPHQWDO GDWD IURPSWRXKHLY H$ 8| IHWWRHPGWYV WW LID@O RI
PXFK WR WHOO XV IURP WKH RQWR IGQRWDQPWH YV H Y Y\DKWDIWR @ HDPAD MK
EH FRPSOHWHG EXW LW PD\ DOWR BFHRAOYDXRFWYXVYIXIY ZH GR QRV
\HW NQRZ DERXIWYIDB(H/H:\’LII-UU:V‘Q_JAWHUP DQDO\VLYV
ZDV H[DPLQHG LQ D UHFHQW VKBYHWIEM WKH 8BORZQ BUWHYXMUYHG
SURMHFW 3%$56( ,QVLJKW )3 3URMHFWD OKWWI$ HAZAZFEDHVKDYV QR
LQVLIJKW HX ZKHUH DURXQG WRH RARHUO D BRKIBPDXWIRQAG EX{B D SX
SK\VLFLVWYV UHJDUGHG GDWD SAIMXDHOOADWWRD DDYWHU\AQPWRUW
RU HYHQ FUXFLDO DV VKRZQ LQRﬁPJS((DJlHFDV\DI'R\IUM/FKWHWDWNKI—EGWWB
IURP LQ SDUWLFXODU WKH +(5$DDAQGQUHKDWERIUH[EKHUPIHOWIN G
DUH XQLTXH LQ WHUPV RI WKHDW ZW DO DWWIDMR QP W L WHD\ (POH
XQOLNHO\ WR EH VXSHUVHGHG DROMNWK PMHORGBRQWR EH XQGHU WK
HISHULPHQWY UDWKHU WKDQ WK
FHQWUHY ,QGHHG SDVW DWWHP S
/(3 H[SHULPHQWYV Rl 6/' GDWD D
GDWD IURP WKH 3(75% FROOLGHU
UHVXOWY ZKHUH WHFKQLFDO D
QRW DOzZD\V EHHQ LQVXUPRXQWI
PDQGDWRU\ WKDW D FRQVROLGL
LQFOXGLQJ ORQJ WHUP GDWD SU
YHU\ LQLWLDO VWDJHV RI DQ H[S
IRU WKH UXQQLQJ H[SHULPHQW
Figure 2. One of the results of the PARSE-Insight survey Afhp&i€ EHIRUH WKH HQG RI WKH G
physicists on the subject of data preséheatipmions of theorists and

experimentalists are displayed separately. Tech nO|Og ies and organ isation

W ZRXOG WKHUHIRUH EH SUXGDIQN WRUDV X R K LK STHUGE PH QWY ¥ HUR
HQYLVDJH VRPH IRUP RI FRQVHUNDW LW & HR + (& IGHDIID UFHMVEBWM B W Yt
GDWD VHWYV +RZHYHU +(3 KD GDXGWLNL @6 ¥ HVRVOY HFOLHNW € HO BU J
WUDGLWLRQ RU FOHDU FXUUHQ\D PR EHORRIGO R DK LW HLDP SEHH/M W Q
RI GDWD GHFDGHV LQ VHYHUDO ODERUDW
_ JULG FRPSXWLQJ WHFKQLTXHYV

Costs, bene ts and technical solutioe®wp VHWV EHFDPH HYHQ PRUH

QRZ IXOO UHFRJQL]HG WKDW GD\
TKH SUHVHUYDWLRQ RI DQG VX8HRHWBHG FRRPER O/HQ W \D AFH Y @ AU
WKH GDWD LV JHQHUDOO\ QRW SDUW RI WKH SODQQLQJ VRIWZ
GHVLJQ RU EXGJHW RI D +(3 H[SHUWRKMYW SUKMHUHUYWORY LOKF
D ODFN R RI GLJLWDO AOHV QHHG D ULJR
DYDLODEOH NH\ UHVRXUFHV MXRW KAUW KW DARDD QB HGEGH DML /&
LQ AJXUH $FFHOHUDWRUV W\GHFBO®K BOIDVLY HXQ® K HVEHRRG G
WRZDUGV WKH HQG RI GDWD WIENYHOREPARQWDOLY EXHNEHGQ WER W

Figure 3. lllustrative luminosity pro le (left), funding (centre) and person-power (right) resources available to a high-energy pf
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FRVW HIIHFWLYHQHVV RI WKH GLJLWDO SUHVHUYDWLRQ IRU OI
GDWD VHWYV
'RFXPHQWDWILFRURXV GRFXPHQWDWLRQ SROLF\
KDV QRW DOZD\V EHHQ DGRSWHG DQG ODUJH HIIRUWV WR UHFR)
HVVHQWLDO GRFXPHQWY WKHVLV WHFKQLFDO QRWHV GUDZLQJ
KDG WR EH SXUVXHG DW WKH HQG RI VRPH H[SHULPHQWV :KLOH
WKH VFLHQWLAF SDSHUV DUH ZHOO SUHVHUYHG PRUH LQIRUPDW
DURXQG WKH SXEOLFDWLRQV LQFOXGLQJ KLJK OHYHO GDWD V
XVHG IRU WKH AQDO VWDJHV PD\ EH XVHIXO WR PDLQWDLQ WKt
ORQJ WHUP VFLHQWLAF DELOLMgreR BchWhK dfithéSsbitki bhlidiaridd & steG Br\ed at B
1HZ VHUYLFHV DQG XVHU I|XQFMWRARQ@disWrtnH3y. DUH SURYLGHG E
,163,5( KWWS ZZZ SURMHFWKHSLQVSLUH QHW
TKH SUHVHUYDWLRQ RI D FRPS
6RIWZDUH SUHVHUYDWLRQ DN3WHKBHRQAMQWANH G HIA) R@ LV V
ODUJH VRIWZDUH V\VWHPV |HZ PHLODOQRQYLRU MIQYEH Y QRA ORREEH DR
GLVWULEXWHG V\WVWHPV RYHU DAF IPEKK@ W LDAF \FHRYOHOLDDEGR WIKVR IXYWHD @ 8
FRUHV XVHG WR UHFRQVWUXFWRPBOHFIWMOWH DQG UHGXFH WKH
GDWD WRZDUGV AQDO VFLHQWLAF UHVXOWV 7KH SUHVHUYDWLR
WKHVH VI\VWHPV LPSOLHV WKDW_ WKH IXQFWLRQDOLW\ LV QRW E
E\' WHFKQRORJLFDO VWHSV Fatapreseyationand thexgpreorcce:
PLJUDWLRQ WR QHZ RSHUDWLQJ V\VWHPV RU PLGGOHZDUH
RXWGDWLQJ RI H[WHUQDO OLHWMUSBINVHWYDW IZK® RI UK B GHDRV D
TXLWH FRPSOLFDWHG DQG KDVDSHDRSWRDWHQRY DNMIVYWHU X RW X WH
FRPELQLQJ WKH VR FDOOHG | UMR LY HI IDEBBRBF KR EHDY DG FRIY V
WKH FRQVHUYDWLRQ RI D UXQQL@G M@ERIOM QRPLH QW OX\DIEIHYG D W b
PDFKLQHV WR WKH "IXO0 PLJUIHMOIREH BPRXBRHEBKZ LAKK WDHJI /K EL
IUDPHZRUN LV SUHSDUHG IRU DWRR@W L QXRIX @ CPU DU S WH \RKQU X IDWVK
SURPSW FRUUHFWLRQ RI LVVXWYXHWDNIRRM JRQW LFPLIQAZRDO\LQHODW
WKHUHIRUH WKH ULVN RI D PDMRU JOLWFK 7KH VRIWZDUH
SUHVHUYDWLRQ LV VWURQJO\ 03 QNHF MRV IR R P B QY WF> Y@ OL\GH
VIVWHPV |IRU ZKLFK DQ LQQRYDMAMNE@W PWORQ R[S H & LPH\DXO WV
VROXWLRQ KDV EHHQ SURSRVHGZX (@ b @GJ HVDLPOHGV W WD SWHRGY L G LAY
VFLHQWLAF LQIRUPDWLRQ DQG D
&RPPXQLW\ NQMRKZHO HOAXMHO\ RVFW KB WIHVXOWYV LQ ZLGH FODV!
H[FKDQJHV RI VHYHUDO KXQG UWHIGH VIF LHIQRMRIPAH &P WX R IQW LBV H
IDPLOLDU ZLWK D JLYHQ +(3 GDW@GYV M\ M RLH VG W P OLKNRIP PEROA MV \
ZLGH NQRZOHGJH 7KLV LQIRUPBEWIHUY RNQVRW HMWQWHWY HMRWH X Q Q)
FDSWXUHG LQ WKH VWDQGDUG @R B XWPHDWAKWD R Q O EKMW F D QKHIP M/
IURP WKH HOHFWURQLF FRPPRQERDWH P@\G LIGRW HH SIAHSAD H [W H
K\SHUQHZV HPDLOV HWF ZLOO UHTXLUH GHGLFDWHG HIIR
DQG WKH WKHRU\ FRPPXQLWLHYV
2UJDQLVDWLRQ DQG ORQJ WOHNHQ ULRQSWKMLOHBQ IXWMUH DU
WHFKQLFDO V\VWHPV LQVWDOOHG WR SUHVHUYH WKH FRPSXW
VIVWHPV FDQQRW EH IXOO\ HIITHFWLDHIY® OR § HDQFHERILW M) D 8 RHL\W
VFLHQWLAF IHHGEDFN RI WKH HD)®KU W N OMK D\Y V6 DILQVR B IPONN. IRQ@ W
UHDO GDWD WDNLQJ ,Q DGGLWHRFLMWEFHLNXSHWYFL VILGREO R G LYDU |
VIVWHPV OLNH WKH YDOLGDWLR 8 FLHV/O DWW WDRV H 8 SR & JOFBHR U X
KXPDQ DQG H[SHUW DFWLRQ ,WQUONKXHWHIRUH PDQGDWRU\ WKI
ODUJH FROODERUDWLRQ RI KDYH D VSHFLAF RUJDQLVDWLRQ IRU
ORQJ WHUP SHULRG DGDSWHG WRVD GH\DWHQWE G VR B HQMRIPLAR
VFLHQWLAF OLIH EXW VXIAFLHQWEGX U WW XRQ XU H SUIREG R BIGHIU WKR
ZLWK DOO VFLHQWLAF DQG WHFKQRIORWRAD/O TKMXHWY R RBIWR P DA k
DURXQG WKH SUHVHUYHG GDWDWKH UH LQWHUSUHWDWLRQ RI
DOORZ D ZLGH UDQJH RI %60 WKE
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DHYHORS WKH PHDQV WR SREOXGK PWRUHCH[SHOLRRR®/V LV
IXQFWLRQV RI /+& DQDO\WHV SHRWKG DV PDWKHPDWLFDO
GHVFULSWLRQV DQG LQ D GLJLWDO BRRPS HUDMWDKREDR R 6/\W\DS\WKW VRLEFN |
LQ ZKLFK H[SHULPHQWDO GDWDURQ® LSDURPBWWDVD QDB \¥DW WH
GLVWLQJXLVKHG +HUH NH\ LVOXZV, DEBBHUD G L WPKH ZNHEH DDWPRN\NQ W
WDLOV LQ GLVWULEXWLRQV D QHI SR VIR RE ¥\FGHAWHAW KD WD C
YDOLGLW\ ZKHQ SXEOLVKLQJ RIXQ\GWEH LAQ MMA MW NIV WRKROIGWRYV W
DQDO\WLY $OWHUQDWLYHO\ R ®H H RXDAQGE HS X 30 DWW RUKDW REPB @ F
GDWD PRGHO SURSRVH FRPPRQ SURMHFWYV ZL\

DHYHORS DQG PDLQWDLQ &RRBRIUDWH@RW IOGDWILWVYDQDJIHF
IUDPHZRUN WKDW FROOHFWYV DOQ G+SUBINWXXY\D W IDR/QWR B S B BIVP\E
SXEOLF DQG DOORZV IRU WHVWGQDRDVWLEDOON FOLQ HW WRH FPROG)
DQG LQFOXGLQJ UHVXOWYV IURPIXWAEDHIJH VSHFWUXP Rl UHVHDU
DUHDV )XWXUH YHUVLRQV RI WKHVQS@DUMNRXIPWDL/UIH R4FP S/H B VWDHQGS \
LQFOXGH D XVHU IULHQGO\ IDVWQG MW H FQ/HR[W VILHZX OHDWL\R G PP FBHKL

TKH RSHQ DFFHVV WR SUHWMWKHG IXBWKD H \S REMHRMYWWOYLOO
D JUHDW RSSRUWXQLW\ IRU HGWXKEHD W (R @ CDQGEEV RIXHU HIKAK L @ LW E
WKH VRXQG DGYDQFHV LQ +(3VWIXG\EH RNSRMH® WRSBIXO0OO0O\ E
ODUJH DXGLHQFH LQ DQ DWWUWRWLYHZZRYU XGG UD\GLHG R IFHSHWWL

HGXFDWLRQDO PHWKRGYV DV WKH RYHUDOO RUJDQLVDWLR:
WKDW GDWD SUHVHUYDWLRQ EH
Outlook VSHFLAFDWLRQV IRU WKH QH[W J

TKH DFWLYLW\ RI WKH '3+(3 V MHUHBRXSBVRYHU WKH ODVW
IRXU \HDUV KDV OHDG WR DQ [RIY HOUNDIWDX D ZIHBEHRQHW R | RW KHK ' +G B
SUHVHUYDWLRQ LVVXH LQ +(3 [EXWOREBR PIDRBHWH YRLIG B QWY R QCDOC
PHPEHUV DQG IRU WKH FRPPX®LIH UDW IXDVLIFHVW K TBW ( WV I§ W/XIE \L YU
QHHG IRU PRUH DFWLRQ WR EH KWDW S Q DWLJLYDRIWLBX QDU
2] ) %RXGMHPD HW DOO CC2Q Wtk
&RRUGLQEWURQLY D FOHD+IQHNGHNPSUMY VHG
VLQFH WKH YHU\ EHJLQQLQJ IRKW@\8HUQUWL RQD ® FRRWGLLYQ DW
,Q IDFW DOO ORFDO HIIRUWYV |BIUR AR X WKP DI L' QWHW FOYD ER YD ©
GLDORJ IURP H[FKDQJH LQ UORRURRWILRQJDWUPGOHOHYMOWL
WHFKQRORJLFDO RUJDQLVDWUYRMDD KRRASRORULED @ DIQMGEA QDY |
BWDQGDUGY 7KHUH LV D"VWURQJ QHHG IRU PRUH
VWDQGDUG DSSURDFKHV IRU LDad - ~STVAEowa
IRUPDWY VLPXODWLRQ PDVV IRelpeet
WHEKQLTXHV $Q LQFUHDVHG V
RYHUDOO HIAFLHQF\ Rl +(3 FRF

HGJH SDUDGLJPV OLNH YLUW XESNEEUINPAZEE NGV ETESET RO NS D R X
FRPSXWLQJ KDYH EHHQ SUREH D W I
Rl GDWD SUHVHUYDWLRQ SURM BEEWRERNEINIESE I ERNE g (@ISR [g ¥ X R 1§ \A,

GDWD SUHVHUYDWLRQ DQG D F FesElellele[l=Ne[X€]g=1al0]o] [}
([SHULPHQWY 7KH PDLQ L EeNRSHINVAREIRUNIVEIES R RSNl
'3+(3 VWXG\ JURXS DUH HDVLU
HISHULPHQWY &RQYHUVHO\ WKH UHFHQW H[SHULHQFH VKRZV
WKDW QHZ DVSHFWV UHYHDOHG E\ GLIIHUHQW FRPSXWLQJ
SKLORVRSKLHYVY LQ JHQHUDO GR LPSURYH WKH RYHUDOO FRKHUH
DQG FRPSOHWHQHVYVY RI WKH GDWD SUHVHUYDWLRQ PRGHOV
7TKHUHIRUH WKH H[SDQVLRQ RI WKH '3+(3 RUIJDQLVDWLRQ WR
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VIRTUAL OBSERVATORY IN ASTROPHY:

Christian Surace

In astrophysics, data preservation is really important, mainly because objects are far far away and that an obse
project (satellite, telescopes) is very expensive, time consuming and very dif cult to redo when it is over. Nevel
Many projects have been undertaken and more and more data are available to the scienti c community. The Inte
Virtual Observatory Alliance (IVOA), formed in 2002, gather efforts on data standardisation and dissemi
Astrophysics. Endorsed by the International Astronomical Union (IAU), the Virtual Observatory consists on
all validated astrophysical data, the format of them, the way to disseminate these data, protocols and softwar
new way of data analysis is rather in advance in the interoperability of tools. In a context of cooperation b
countries, the Virtual Observatory shows a good example of the new era of astrophysical analysis in mas:
distributed data exchange.

Introduction |Q $VWURSK\VLFV GDWD FDQ EH G
7KH\ DUH AUVW GLIIHUHQW EHFDX
AVWURSK\VLFV ZDV RQH RI WKHWADVW HGF LHRDF 16 SDIFM KDL B O L
LQIRUPDWLRQ WR FUHDWH FDWHDRHWF RRHEV IRWODWRIYL GRIE PX WK
AUVW VWHSV RI GUDZLQJV DQ%URHDIYXWLOYHH $VW U RSKH QL FBD W L
EURXJKW WR OLJKW WKH H[LVWWHGQHF M NR I WDHNZH QDZL VKDV SRHERVL A FWAC
DQG SXVKHG EDFN WKH IURQWLENW ®IVSE8RWUBG W KH WY KW HEEIH Z k
Rl LQIRUPDWLRQ ZDV ZULWWHQ SSRAQ M OGLVEDRW UNHEP )VBRAF |
WKH AVWY FDWDORJV WR WKH GHH ®V NLRPHY Y HW MHMD W DIU B X QRE BIUH\
WRGD\ WKH VSLULW RI GDWD GAX|VHPLQYDMIGR QW \S N WLLRO®L B UNHLVPH-
LV WKH FUXFLDO FRUQHU VWRQWX®I VHALHHBWUAFH FRADLPIHE R A B[W L R
DGYDQFHV ORUHRYHU SOHDVHWREMWHMUY HGRZWWHK \VoRBFIAE YQWWU .
IRU PRUH FRPSOHWH LQIRUPDWLRXEH | [ \ ZDYHOHQJWK 'DWD FLC
_ EXLOW XS IURP FRVPRORJLFDO .
Virtual Observatory for data preservadiomiuppPv WKDW LQFOXGH TXLWH}
SDUWLFOHV $QG AQDOO\ GDWD
NRZDGD\V WKH DVWURSK\VLFD®WXURS$KVV DRIHO RYMHOQ\MVQY W RHF R
HQWLUH VN\ OHDGLQJ WR D ODDGH; BB RXIMOWX R | CAINWDIRBR UHHIPBOE
WKH 9HU\ /DUJH 7THOHVFRSH EUABD\GHMYMHDO RFR W\ RTHW B E\REHWH F V
Rl GDWD /667 ELOOLRQV SLRHOMNM WHHIBWVW VRIF RAKGV DSIWVQ R SK\
6WDUUV ZLOO SURGXFH 6HYHUDO 7HUDE\WHV RI GDWD SHU QLJKW
RQH \HDU WKH DVWURSK\VLFDO LQVWUXPHQWY ZLOO GHOLYHU W
FRPPXQLW\ PRUH WKDW 3HWD E\WHV Rl GDWD 'XH WR WKLV
VWLOO JURZLQJ DPRXQW RI GDWD LW LV YHU\ GLIAFXOW WR SHUI
GHHS VWXG\ RI LQGLYLGXDO REMHFWY 6WDWLVWLFDO DSSURDF
JURXS VHOHFWLRQ DQG DQDO\VLY EHFDPH WKH QHFHVVDU\ VWH ¢
IRU GDWD DQDO\VLV +RZHYHU VRPH TXHVWLRQV DUH VWLOO
EHLQJ GHEDWHG RQ WKH QDWXUH RI GDWD WR EH SUHVHUYHG
LW EHWWHU WR SUHVHUYH AQDO SURGXFWV RU UDZ GDWD ZLWl
WKH LQIUDVWUXFWXUH DQG SLSHOLQHV QHHGHG WR FUHDWH A
GDWD " 7KH TXHVWLRQ Rl UHSHDWDELOLW\ UHSURGXFLELOLW\ L
UHOLDELOLW\ RI UHVXOWYV D UH P4l H HiddheMoMbiRed WidgdFigGeD. ibDfroS teHinutits
IRU WKH IXWXUH (false colours) of a star forming regiomillennium run frovolker
Soringel et al., Nature, 2005.
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RQ WKH GHYHORSPHQW RI VSHFL
SXUYH\V DUH WKH PDLQ SURYLDHHWRZ DFRHMAK\OHF DQ G5 B WIDE
7KH\ RIITHU WKH DELOLW\ WR JRW K}REZ RRBX WHRX RIOH W KZH. W K L\M R MV
VDPH LQVWUXPHQW DQG WKH VPIPWK H QY UWRK®POH DEW HUKH\WIRULH
PDLQO\ FRQGXFWHG E\ WKH L Q& HWURRDW UR WDHF KDQ HIMW LRIV DVWMH F
(XURSHDQ 6SDFH $JHQF\ (6% (XURSHDQ BRXWKHUQ
2EVHUYDWRU\ (62 1DWLRQDJ QSRUBGDXWR H[FEQGJESGBWD EH
$GPLOQLVWUDWLRQ 1%$6$% DPRQJFRRPKKHQUW\ TKHG WRYEM NEGH WR
RYHUDOO UDQJH RI WKH ZDYHO®N@EBEOKH WSKIHF VEWDX\PD FRY RIYIL@H GWK
UDQJH RI UDGLR ZDYHV LQIUIXDUWHGE HRISQV IGAHAI® H&EO WWRR IYRIOH \B
. UD\V 6RPH VXUYH\V DUH FRQVGEBAQHELRYD URHI HW KK FOHRVF HRAY WSKUF
RYHUDOO DVWURSK\VLFDO FRP PXQRMHV ¥ HR HWDKUHH G\DRVPTH B POCP S ORHK
© ,5$6 2 LV WKH AUVW ,QIUDUHRBQ /& H/ N \WHKQ\WLHE QJH YOLDQUINW B H DAQ
LPDJH Rl WKH XQLYHUVH LQ VHYHBROZEDQGHKM RI WKH AQMVD WDHC
UDQJH © G) 2@ LV WKH AUVW R SKADL\F EG H/G MFRV G R YA BDRIS WK M XGJDAM D
WKH ORFDO 8QLYHUVH GUDZLQJIQRW WEE AGNWDWWRB W KB G FEHL \
RI WKH JDOD[LHV Rl WKH ORFOFIR BRX.Y HW V HV KeH &RERJL W DRQCER |
.HSOHU 2 DUH SURYLGLQJ LQIRGPMWUREH URNRXW FWYPHY VHODRB @
RI WKH H[R SODQHWYV SODQHWW R GHIAQHQW KH BOQ®D VIN@E W \RD G
*DOD[\

ASDUW IURP WKHVH UHIHUHQFH GDWD PRUH DQG PRUH GDWD
DUH QRZ DYDLODEOH WKURXJKRXW WKH 9LUWXDO 2EVHUYDWRI
QXPHULFDO VLPXODWLRQV *DOOHU " 'DWD ,)8
J)DEU\BHURW 5DGLR &XEHV WUDQVLHQW HYHQWYV % XUVWYV
6XSHU1RYDH ([RSODQHW GDWD &R5R7 .HSOHU

AV WKH 8QLYHUVH LV FDULQJ RQ LWV RZQ HYROXWLRQ DQG EHFD
WKH REVHUYDWLRQV FDQ EH UHGRQH HDVLO\ $VWURQRPHUV KD
DOUHDG\ FDUULHG RXW D AUVW DSSURDFK WR KRPRJHQLVH WKH ¢
LQ 'DWD IRUPDWY KDYH EHHQ LQLWLDOLVHG ZLWK WKH © ),76
a |IRUPDW ORVW RI WKH REVHUYDWLRQDO GDWD DUH VHULDOLVF
), 76 ), 76 IRUPDW LQFOXGHYVY GDWD DQG PHWDGDWD GHVFULELQJ
WKH GDWD LQ D VDPH AOH © *%idufe3.aExaRl BfDnWenteMatGnbtsiiihrds D \A/ ddidati ¢ use
WR VLPXODWLRQ AOHV 92 RUPBW LV WKH QH[W JHQHUDWLRQ IF
WKH GHVFULSWLRQ RI GDWD ,Q DGGLWLRQ WR WKH GDWD GHVFL
DQG VWRUDJH 7KH SUHVHUYDWILRWHRY HDWF FHVW/W K HOL WW RQ GG
DOVR YHU\ LPSRUWDQW ZLWK WXUR :FHHEWAHLOYIL PHNH DLY® LEOHDADIHVIL G !
92 BRUWDOV DQG 92 WRROV % XWGCGRRIHYVRYYU WKAUHHVHRXO ®REH
SUHVHUYDWLRQ Rl NQRZOHGJHG HA/WMWRRQV %5 0\W B WS MOKLHY H W JD
SDWWHUQV DV LQLWLDWHG E\ :EHMRBUDGRSWHG DV GDWD PRGHC
WDEOH H[FKDQJH IRUPDW © 6SD

_ _ _ a WKDW GHAQHV WKH FRRUGLQDYV

VO technical implementation (Modets/'0&RUH @ &RUH FRPSRQHQW)
'‘DWD ORGHO © $VWURQRPLFDO

and protocols) WKDW GHAQHV WKH RYHUDOO FKEC
© 6SHFWUDO OLQHV @ GDWD PRG
SLQFH WKH YLUWXDO 2EVH UQIDMRUH R/IWD VSHBVWRE DRQN W

GLVVHPLQDWH YDOLGDWHG GD VD) REY HRYHIWL R B Z®R U/SE F WUHX P R
WR PDNH WKH GDWD DYDLODEOH WHDIQU/HAKIIE/D HH YHRZN) OR DEBROM
DQ\ PHPEHU RI WKH VFLHQWLAF GRPIPYIQAMO VY URRCDQN LSHR S O H

7KH IRFXV ZDV AUVWO\ SXW RGSHGHAOQ DWW KD HV H AKQL DHI®I
RYHUDOO LQIUDVWUXFWXUH %DWIB® GIDU B\K IEK W QM B P M VOUHXZF VWX D
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LQ RUGHU WR FRYHU DOO QHZ XmMWB L'WAHAQHWKIH GAOWDHZ LW ?
PRGHOV DQG VWDQGDUG LV QRAMD XXIDAFURRQW ZB Y OHF ¥ W\D\QLEDIU W ¥
GDWD LV DOVR RQH RI WKH NH\IRM WK H VHALWRKM\LA FV W\DIRIGIDRIIG & DL
$FFHVV SURWRFROV KDYH WKHDDEWIRQS GRMIQGHS V BIXHF@EWHAVLR X W\
SURWRFROV KDYH EHHQ AUVW DJUHHG © 6,$2 6LPSOH ,PDJH
$FFHVV WR DFFHVV LPDJHVY DQG SDUW RI LPDJHVY GHSHQGLQJ
RQ FRRUGLQDWHY DQG REVHUYDWLRQDO EDQG © &RQHG6HDUEFK
SRVLWLRQ UHODWHG VHDUFK WR DFFHVV DQ\ VRXUFHV GHSHQG
RQ LWV FRRUGLQDWHY DQG © 924/ 92 4XHU\ /IDQJXDJHV

a WR VHWXS TXHULHV ZLWK GHAQHG SDUDPHWHUV OLQNHG W
DVWURQRPLFDO VHDUFKHVY ORUH FRPSOLFDWHG SURWRFROV KD
EHHQ XVHG DIWHUZDUGVY © 6/$3 2 6LPSOH /LQH $FFHVYV

WR DFFHVV VSHFWUDO OLQHV GHSHQGLQJ RQ DWRPLF GDWD D
HOQYLURQPHQW © 66%$2 6LQJOH 6SHFWUXP $FFHVV WR DFFHVV
VSHFWUXP W\SH GHSHQGLQJ RQ FRRUGLQDWHYV DQG VSHFWUDC
UDQJH © 7$3 @ 7DEOH DQG FDWDORJ $FFHVV WR DFFHVV GDWI
ZLWK VHOHFWLRQ SRVVLEOH RQ DQ\ FULWHULD ZKDWHYHU WKH
RI VWRULQJ GDWD

Using the VO

TR JHW EHVW DGYDQWDJHV RI WKH GDWD GLVSRVDO WRROV KL
EHHQ GHYHORSHG ORUH DUH GHGLFDWHG WR WKH GLVFRYHUL!
OLNH SRUWDOV DQG TXHULHV B6HYHUDO SRUWDOV H[LVW WR D
GDWD RI WKH YLUWXDO REVHUYDWRU\ OLNH © 'DWDVFRSH 2 © &
3RUWDO 2 'DWDEDVH 'LVFRYHU\ 7RRO DUH DOVR GHYHORSHG WF
H[SORUH &DWDORJV OLNH © 92&$7 2 ZKLFK LV D FDWDORJ GDWD
LOQWHUIDFH WRRO WR WUDQ VIR EifreD\sWheth B drhpfab: @G B\AbE tdr&icG Div\:
RU © 6$$'$ 2 6HYHUDO WRROV &Rd|ihdyss®ORMW VAL QallatD: QiG htp/Q i @4aétiondn
IXQFWLRQDOLWLHY OLNH © 923GRMbnéhtnGHVLIQHG IRU /DUJH GDV
VHWV RU © 723&$7 2 IRU WDEOH 927DEOH PDQLSXODWLRQ
RU © 9267%$7 @ WRRO IRU VWDWIUMIMLF MR DXQYBIOWKLY L Q190 BWUXF
LV RQH Rl WKH WRROV IRU ,PDXNH 6 \&D WD/ORBIXI) GIQV A0 RULHD J
© 9LV,92 @2 DV ZHOO RIIHUV D YLRY DH[IDWB\WHR QN QWMR | BRR S XD\
OLQLQJ WRROV DOUHDG\ RIITHU GROWWZRLSRGXUDNWGRAYV RO G DQDQ
© 0,5%*( 2 %HOO /DEV OLUDJH R EVHYYMX'WLRIQDLP RGOLRQ RO XV L
YLVXDOLVDWLRQ RI GDWD © 926D®7THA L&WD 92 RGL DUWR R R WRIWD F \
VWDWLVWLFDO DQDO\VLV © 92@ENI 18 YIDONGR O\ 63X ¥ 02 QHZ DWRPORG
WKH 676&, DUH GHDOLQJ ZLWK NBWPWRD OD G B WU HEIDX\W K GV RRVL\D T
UHDOO\ SRZHUIX0OO DV WKH\ KLEKHWYKIR WREPESOHYL VU HR IF WHKHWIRG
LQIUDVWUXFWXUH WKURXJKRXWRWER WU LEDWDUO BB WV XD/QQ JH7WH Q&
92 FDSDELOLWLHV ZLWK GHGLEDWRSH VDWW RQIADOQWLWRRGKH
WRROV SURYLGH EDVLF DFFHV\6BUR BRHR UKW Q HDG FRPWDUDWB Y
DQG $6&,, GDWD $00 WKHVH W RRGVVRI DHNL Y WH. B Y O YXUQHRAX IORMQD B D
WR DQDO\VH DQ\ NLQG RI GDWD EXW ZKHQ FRPELQHG WKH\
IRUP D UHDOO\ SRZHUIXO VRIWEZRHHY VXD O7RE V HARPIEW R D W HRX
LV SRVVLEOH XVLQJ 6$03 6LPSOB G SHDVILFHIMWULR XVH\Z\LDWK @RUH |
6$03 LV D PHVVDJLQJ SURWRFRRF XR/WU QLIQ R WWR-EAKLODE DML W D UWRY
HQDEOH LQGLYLGXDO WRROV WARFZIRQW LW R JHRDION/U G UW YIH WEHDRVKHQ
0/ 53& OHVVDJHV DUH VWDQGDUKGLMHGEVXVIMLD O HMRRHGWKLQJV
GHAQHG DV VWDQGDUG IRU HIKODQMHV WKVH X WPMLB A VRI GD\
PHVVDJH W\SHV DQG PSDUDPV 2| STRXUPHWW K M U H $IVVD\OWH.[OVOH @ & F
RI DSSOLFDWLRQV PHVVDJLQJ SDRWDR FERHA QD GIMNBEQ(%HBYLHU WR |
KDV EHHQ GHAQHG WR FRQQHFW \Z HFH P ST5IOH.[F DIWR. Z@W N7 Ri® J OCRVED
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FRPSXWLQJ %XW 6FLHQFH FDQ EH GRQH PRUH HDVLO\ XVLQJ
WKH TXLFN DFFHVV WR GDWD LQ DQ KRPRJHQLVHG ZD\

S5HIHUHQFEHYV

,92% ,QWHUQDWLRQDO 9LUWXDO 2EVHUYDWRU\ $OOLDQFH
KWWS ZZZ LYRD QHW

$ODGLQ KWWS DODGLQ X VWUDVEJ IU

923/27 KWWS YR LXFDD HUQHW LQ YRL YRSORW KWP

6$03 7D\ORU HW DO

KWWS ZZZ LYRD QHW 'REXPHQWY ODWHVW 6$03 KWPO

') HYHU KWWS ZZZ ZI HYHU SURMHFW RUJ

Contact

Christian Surace - christian.surace@lam.fr

Laboratoire d’Astrophysique de Marseille
38 rue Joliot Curie,
13338 Marseille
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CRYSTALLOGRAPHY OPEN DATABASE!
PRESERVATION: A WORLD-WIDE INITIA

Daniel Chateigner

In 2003, an international team of crystallographers proposed the Crystallography Open Database (COD),
collection of crystal structure data, in the aim of ensuring their preservation. With nearly 250000 entries, this
represents a large open set of data for crystallographers, academics and industrials, located at ve differer
world-wide, and included in Thomson-Reuters’ ISI. As a large step towards data preservation, raw data ca
uploaded along with «digested» structure les, and COD can be questioned by most of the crystallograp
industrial software. The COD initiative work deserves several other open developments.

Crystallography and Data Preservatioi@ xvxpoo\ DIIRUG IRU ODUJH |
RI WKHLU ©@SURGXFWV2 LQGLYL

IDFH EDFNXS SUREOHPV RQ D OR

CU\WWWDOORJUDSKLF GDWD DFTIXQVIURIQR\Q RUHDHHAH\G RWD DFTXLVIL
DQG ' GHWHFWRU SDWWHUQV PRIQQWHRRW Q/FHH L)X W& IHI WWPIREM L FE(
WRPRJUDSK\ H[SHULPHQWYV XNOGY RUDNVPLHQRMNWURG\ WRIUAF S
HOHFWURQV VFDWWHULQJ ,W KRWQQPVWHDWWRRMV YROXPRDIE® H
SDVW GHFDGHV DV QHYHU EHIRWMWHUWKWVKHQD 6 Y HWQW\D B0 RIHID ¢
KLJK UHVROXWLRQ GHWHFWRUWVRQPHSWVGPBWDIQIH QYN Z DIUGD ORIV
ZLWKLQ VKRUWHU DQG VKRUWHDSDERIDY WUHDHAKQAQRZQBY W R/ IS
PLOOLVHFRQG SHU SDWWHUQ ZDWHKXHKDFK EJRIFOROG®EHGIDIDY R ®L
/IDUJH IDFLOLWLHV OLNH V\QFKDPWHREGGOWKRQ FRPBIQGAURBDQT
JUHH (OHFWURQ /DVHU FHQWUIQWJIJMDUHLEOHORRYWR GXWIDQS UBINW D
IRU WKRXVDQGV RI XVHUV HDFK JHQHUDWLQJ *E WR 7E GDWD
YROXPHV $W ODERUDWRU\ VADRUIN URBHAHZAGW ERQIFHDF@AR PRAW AU
JHQHUDWLRQV XVLQJ LPDJH DFABUDLWLRQNUBONMD XE D HUDEN B O
QHJOLJLEOH GDWD YROXPHV UNFXH®BQVDUAYSSE B BAK \E DZFHNQXS VW KK F
FRVWY VRPHWLPHY YHU\ ODUJHQLM\RF¥H B WEH GWHIHW & X EOW\RK B D
IDFLOLWLHY RU WR ODERUDWRWRGLAN® BRXYPFHQUWO \EL QW K B PAHHEO ¢
LPSRVH GDWD SUHVHUYDWLRQ D/IDMHW U D B HGIWRIGHKWF DAL LAQ\DR F LV
PDWWHUV Rl RIWHQ FROODERRWDWDHD @ FHWLRIQYD VOLLANG R K WRKSH-
RU 8QLWHG 6WDWHV WRROV PRBUGCPWBUBVWRGKEFEG\ EQRWDX MK L
LOQVWLWXWLRQV PXVW EH PDLEWIDQQHMGRSHB NG DD VR HQG DY L\GH
ODERUDWRU\ WRROV UHSUHVHQKWD GREHE BJ O HIDELQH & QDIQFK DD
DW D JOREDO VFDOH WKH FRVWRBELRQHVGEIULRXKFWRPHWHHYUWUHB ¢
IURP N WR 0% D SULFH ZKEAKWHBFKHY VNFHKUWIDXQR KR CAR
IRU DQ HOHFWURQ PLFURVFRSHIDYROY IEHHH & | G\W WHH FQXIP G HDUSRRIV W
HTXLSSHG ODERUDWRULHV Ll RAHUHBRVMLQWRU\ GDWRUDWRULHV
HTXLSSHG ZLWK VHYHUDO GLIIUDFWRPHWHUV DQG PLFURVFRSH
RQO\ LQ JUDQFH DDWD 3UHVHUYDWLRQ EHFDPH I
,QWHUQDWLRQDO 8QLRQ RI &U\\

A VSHFLAFLW\ Rl FU\WWDOORILXPFSKREBJ GIRWDW KM UMHKEHQ W \SDV
JHRJUDSKLF GLVVHPLQDWLRQ RYHU WDKMW LAY OIBW 05 QN S\RIVQWOLR ¢
VFLHQWLAF 8QLYHUVLW\ DFDGHPLEFXHQGVER RUI I UQVFWLWQWIPR
SRVVHVVHVY DW OHDVW VHYHUD OH@NY\DUDXRHYWW KDQ Q\RRAO M B Y H.WPI
XVXDOO\ UHO\LQJ WR GLIITHUHQWVRLDR H DRV RAJLLHWD FW OR @ JH° DD A
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ZZZ FRGDWD RUJ H[HF JD L xEnystallography Open Database as

WKHUH LV QRW \HW vxIMadedw FRKHUHQFH RI
H[SHULPHQWDO PHWDGDWD VWDQGDUGYV RU QDWLRQDO SROLF\ W
RQ LQVWUXPHQWDO IDFLOLWLHEOW R D'FW DV ZIZH URD QW Q @ CORU FKDLS

WKH EHJLQQLQJ D IXOO\ RSHQ F|

WKHUH LV QRW VXIAFLHQWWKQGLIMGYLNBUMH[ERDUGQJPHPEH
FU\WWDOORJUDSKLF GDWDEDV HF RXQWYLL\HYW LRIQMW  SKILREM HFEBWL Q W
FXUDWHG DUFKLYHV RI SURFHYMWG UHJ B WU RRHD@WD Q) HFRW Q L PHIX
GHULYHG VWUXFWXUDO GDWD VHWYV VWR OFWXDW AW UDWH. \PHDGS |
UDZ GDWD DOWKRXJK WKH\ FRX®RZ80ORBW L WHKG\ DER\O B \VG PAVDVE D B
PHWDGDWD FDWDORJXHV YDULRXV VWDQGDUG FRPPXQLFD

JURP WKH VLWH DOORZV DOO

IHZ LQVWLWXWLRQDO GDWB XEDSRYEEGR SIUHY SVHED LVEKHG VDIQH
H[SHUWLVH RU UHVRXUFHV WR WWRIXF WMXHHOGDWD THRQEQWRLH &
LQYROYHG ZLWK WKH DSSURSULLWXOMYG KRRV GLVFRYHUDELOLYV
OLQNLQJ WR GHULYHG SXEOLFDWLRQV

UQIRUWXQDWHO\ VFLHQWLAF OLWHUDWXUH YLD SHULRGLFDOV
ERRNV FDQQRW PDLQWDLQ D VXIAFLHQW OHYHO RI VFLHQWLAF C
SUHVHUYDWLRQ RQ D ORQJ WHUP 3XEOLVKHUV DUH VXEMHFWI
WR VWURQJ AQDQFLDO AXFWXDWLRQV DQG FDQ GHFLGH WR VW
WKH HGLWLRQ RI ZKROH EXQFKHV Rl WRR ORZ SURAWDELOLW\
PDWHULDOV ZKLFK FDQ FRQWDLQ LQYDOXDEOH VFLHQWLAF GLC
7KLV LV DOVR WUXH IRU RSHQ OLWHUDWXUH DV IDU DV WKLV C
LV NHSW XQGHU SXEOLVKHUV.- DXWKRULW\ DQG PDLQWHQDQF}
,Q SDUWLFXODU QHZO\ DQG VPDOO SXEOLVKLQJ KRXVHV WKD!
QXPHURXVO\ SRS XS LQ WKH UHFHQW \HDUV DUH LUUDGLDWLQ
ZLWK YHU\ ODUJH SDQHOV RI RSHQ WLWOHV DQG VFRSHV ZLW
QR ZDUUDQW\ RI GDWD VXUYLYDO DIWHU WLWOHV FDQFHOODYV
6XSSOHPHQWDU\ PDWHULDOV DRgik 1PNRrbbE oRiQdGireRetbarthi@dHio I RIS &G
DV D VXEVWDQWLDO PDWHULD®@WOXQGHU DUWLFOH VXEPLVVLRQV
FRXOG EH WKRXJKW KHOSLQJ GDWD SUHVHUYDWLRQ +RZHYHU
WKH\ VXITHU WKH VDPH XQFH U WITKH \& DNWD DVQW& M DWW L F Q/HRW MGR
WKH\ DUH EHORQJLQJ DQG DV ,\O{RK PAD/QICRRW) [EGIH PRQPHZ RUMNG &
PRUH VWDEOH RYHU WLPH GHYHORSHG E\ WKH ,8&U LQ

RI H[FKDQJH SURWRFROV EDVHG
THDFKLQJ LV DOVR DQ LPSRUWMDWWLRHFW UXIOHNH iG] SR VO/I B/
SUHVHUYDWLRQ O0DQ\ LQVWLW XP\DLRLQM\VADD\WYRRWQY | | RQBOIRGLQH QE
RI VFLHQWLAF GDWDEDVHV PDWH&LDDY QAEZWHEZRWXG H L G H QHM
HYHU\ \HDU QRU HYHQ HYHU\ VBYRKIDYH \BIQG VG LYWW O LEYM\HH B HA
GDWD DOORZ DW QHJOLJLEOH ERVWHO DR HISFFRPWRD DM H QB UR WA
XQIRUWXQDWH AQDQFLDO ODFNRDQ® ¥R UNDRQ QH [5® W D VB Q\GN WE
IRU D EHWWHU VWXGHQW IRUPDRMIGRMQULF VFLHQWLAF FRPPXQLFD

HYROYLQJ ODQJXDJH XVHUV EHL
FLQDOO\ GDWD SUHVHUYDWLRGLED/V RWQR UR B DXL \EHEKWROWS KK
GDWD VXSSRUWV ZKLFK FDQ E BERWH R@UUHDIR D EDMUHIVGK GH. ARG+
20G PDJQHWLF WDSHV '$7 E\W MAK ID & HRAM K H)U XWNXLSOSLRMAW W KOLUH | U
QR ORQJHU LQ XVH DQG QHZHWRKKNRIDUE M VVBXED LALOL® U HDE
REVROHVFHQFH LQHYLWDEO\ :HRD O/®G WXQIH®G HBQRQ FBH RV KV IGR. QDR
VLWXDWLRQ RI QRQ UHDGDEOH ROG7E&BEWRUWERDW GIDP/SI ISVUHNG W2
ZRXOG LGHDOO\ DYRLG XVLQJ &M DIORG ER HFNRB G)L QU HWHHDAN\D \ DOF
EDFNXS XSJUDGLQJ WR PDNH FULWLFDO FU\WWDOOR.

UHOLDEOH DQG DFFHVVLEOH DW
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FKDLQ IURP DXWKRUV UHYLHZMHKH I IROFBHHGLIRWRQE WKERXDR WS
UHDGHUV DQG UHVHDUFKHUV @ H3RLQHDWGR WRKXV M\ DWW B PK WIKN H
DZD\ WKH GRQNH\ZRUN IURP HQLQARWDSRWED/W X H/ XEWKOW\R RV
VFLHQWLAF UHVHDUFK DUH WURVWYZRMMWKF QLIMKR XX USRWHD F ¥
IURP WKH YDOXH RI KXPDQ MXGRHPEKW WR WKH UHHEVRID UFRZDOG
SXEOLFDWLRQ SURFHVV2 7KLVWRBHDWD W LRAUD WR REH | R G H [ W'KH
DGYHQW RI ,QWHUQHW +7/0 OHVV WKDQ WKH AIWK SODFH LQ

OULJLQDOO\ QHZ GDWD HQWULHV ZHUH FROOHFWHG PDQXDOO\
WKH DGYLVRU\ ERDUG DQG LQwWMoredham@Ob YROXQWHHU VFLH(
1RZ PDLQO\ RSHUDWHG E\ RXU /LWKXDQLDQ UHSUHVHQWDWLYH
WHDP LQ 9LOQLXV &2' XSORDSH/Y WDWHOPRWHKHDQEBSPRUIBDWDED
DXWRPDWHG XVLQJ KDUYHVWLEU \YWRFGGRIUUHD/S KU R PD F WIXHD@WDL A |
VXSSOHPHQWDU\ PDWHULDOV BORFKLYXBDOLVEEHSHQ®IEQWRR QYW
WKHP ,8&U DJUHH RQ VXFK SUDGERM FUNGRQGDIQMW BNV HP R BLIHW WH
NQRZOHGJH DQG LWV VXVWDLQWKIHOISWHULFDQ OLQHUDORJLVW ¢
KWWS UUXII JHR DUL]JRQD HGX
DDWD SUHVHUYDWLRQ LV HQV)>3WHRGYHIQQ &DW B L9%D PINU KRN J ZZ 2
JRXU PLUURUV DUH DFWXDOO\ ¥HWW®D® RUQD/SMKXBBUYH G L&KW
KWWS FRG LEW OW JUDQFH ,@WHQ Q BWMRIQ D PRH R Q ¥V WHD $\QV R
U 6SDLQ *UDQDGD KWWS T[]/ NWUKFWXW H\RER G DWIED VH V
863 3RUWODQG 2UHJRQ KWWGELQBDRAYUKWWWS ORIQESPOV JS
RUJ DQG RQH UHJLVWHUHG GRPDLQXOAY D EVW WIDIOGIR D WDISW W S
QHW $GGLWLRQDO UHJXODU EDFNXSV DUH PDGH RQ 'O
520 OLUURULQJ LV DQ HIAFLHQWKEDSO&R'NHM SISO®AD LIRQF RRYR U D
WLPH VFDOHV LQGHSHQGHQWOWRH EBWLERQDD] UAILGRH D/OK R USQ
SROLWLFV LQVWLWXWLRQV FORDNGY RW UHRV JDHGXQ®DL AW AL
PRYH RU FKDQJH RI DFWLYLW)\ LQ WEKLNQWH/G HFRZRQE VE VS & DWW
FHQWUH LV FRQVLGHUHG OHVVLQ¥FRWPHQ B KO BWH\H U PR GXKD DAKHDX
LOQWHUQDWLRQDO QHWZRUN RILBEBUBRBYDWGOGRLQXQD'L NH HF O=R$V |
GDWDEDVHV IRU ZKLFK GDWD SKBUMNHY DN GR R G HEHZD GVRDR @/HHO \
WKH RZQHU RI WKH GDWDEDVH [RSHR GG B E DAKHYV | AR Q LBHHED\WN b
XS AH[LEO\ EDODQFLQJ EDFNXS FRVWV DJDLQVW WKH YDOXH R
GDWD IRU WKH VWDNHKROGHUVCOD DOVR GHVHUYHG LQVSLUDWL
GHYHORSPHQWY )LJXUH 7KH
TKH &2' GDWD LWHPV ZLOO EHZZDGHMNONLWOOR IJRDISKWQHPHEFR C
DV DYDLODEOH RYHU GHVLJQODWMROQ¥5,Y FREXSFRBQ &5,UHVRX
FRQWDLQLQJ D &2' QXPEHU LGRPSRY®GNWWSOLEDINHV SKRVS
FU\WWWDOORJUDSK\ QHW &2' QXPEMD! EEI =UH JHRIOLWSV AXRULC
ZZZ FU\WWDOORJUDSK\ QHW Y DELLIR X V L\WR ISNHADRIHQ HL@ W\GK\H O D U
PDSSHG WR WKH FRUUHVSRQGLQBLO,OLRR PRWWHMVZ KXW ARHR L
OD\RXW RU LQWHUQDO UHSUH V HQ WDWDLARAR WIKBIS& 2 ' QLHAWX WIERT 6 Rl
ZH KDYH PDLQWDLQHG WKH GHWHAEHG RE,NDOIFXFHDWHGDIQGP A
UHVHDUFKHUV FDQ UHO\ RQ WKRSAMIEPVHYDWLRIDW S%RWIG I3 & 2E \DWQ
&2' VHUYHU DQG RQ WKH SRV VIREY Gl B/N W.R REWDQ Q \ ORFMD\OX BR &L
RU UHVWRUH SUHYLRXV GDWD $SQHUHUWD@GBQG ZMZHLYIH Q H MGHHG
)XUWKHU GHYHORSPHQWY DUH WQPHVLRQE ® W R XB K G\D § EXV ARQ
RI WKH &2' PLUURUV LQFOXGLQDOXBFRE&EGSRGDWQR E HD@HEARUIURT
OLQNLQJ Rl RWKHU RSHQ GDWDEDVHV IRU ODUJHU GDWD VKDU
DQG LQWHU RSHUDELOLW\

COD DOVR UHFHLYHV PXFK DWWHQWLRQ IURP LQGXVWULDOV LQ
WKH FU\WWDOORJUDSK\ AHOG PDLQO\ GLIIUDFWRPHWHUV DQG
VRIWZDUH FRPSDQLHV EXW DOVR IURP 7KRPVRQ 5HXWHUV
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S5HIHUHQFHYV

[1] > @ 6 *UD]XOLV ' &KDWHLJIQ
<RNRFKL O 4XLURV [/ /I XWWHURMW
3 ORHFN $ /H %DLO &U\WWDOO
DQ RSHQ DFFHVV FROOHFWLRQ F
Rl $SSOLHG &U\WWDOORJUDSK\
[2] 6DXOLXV *UD]XOLV $GULDQD
'DOQLHO &KDWHLJQHU [/XFD [/XW
Figure 2Actual Open Databases landscape directly surroundiggllDis H]KGD 5 6HUHEU\DQD\D 3H
'RZQV $UPHO /H %DLO &U\VWDO
MDWHULDOV H[KLELW VSHFLAF BUGRSHDWLRYHX IDFRE BUY I RSUGHN/F/\W
WHQVRUV DQG GHSHQG RQ VWUXXERNEXYBGNVYWTRHR DRUMHIURDOIBURGSHU
2SHQ 'DWDEDVH KWWS Z2ZZ PONWVYHHDUDA-KSURSHUWLHY RUJ
OLQNHG WR &2' HQWULHYV > @ JRODMADEDLN FS ODVWHHWR JHW SURSHU
WHQVRUV RI YDULRXV NLQGYV DG ZAWOSERY LVRR Q@ PR NURWHG R
OH[LFDQ VLWH WR GHYHORS W NRHUUVRO IBERY HUHWSWUBRSHQWDWL
DQG DQ DXWRPDWHG VHDUEFK LQHRABDREROWLIHKM-GBWD ,QVWU.
3K\VLFV 5HVHDUFK %

R H[SORLW RSHQ GDWD KDV EHH

FLQDOO\ D UHFHQW HIIRUW
ODXQFKHG 7KH )XOO 3URAOH
FRG LXWFDHQ XQLFDHQ IU DQ
LW VISP XVHV &2' WR LGHQ eyl
IURP SRZGHU GLIIUDFWLRQ S
WR HYHU\ERG\ 6XFK DQ DSSO EeERIENSgEEs[glIgeo Tl Nl g o[ g [SIgEUST ST N | Z

GHORFDOLVHG PRGH IRU WUH DRGSOUASHIEIES UGN SREEToalalo]os[CR{ISAROECRIE P R

RI UHVXOWY LQFOXGLQJ HDV\ YOASNN(ZNSI[67V=))) D R
7KLV ZRXOG DOVR DOORZ WR FH
HITRUWY LQ D PRUH HIAFLHQW ZD\ H[SHULPHQWDO HIIRUWYV
DUH EHVW XVHG ZKHUH UHFRJQLVHG LQVWUXPHQWDOLVWYV DL
DQERDO\VLV HIIRUWYV ZLWK DQDO\VLV H[SHUWV:- KDQGV HQKDQFL
FROODERUDWLYH DFWLRQV

AV D FRQFOXVLRQ RQH FDQ VHH WKDW FU\WWDOORJUDSKHUYV
DUH EXLOGLQJ SURJUHVVLYHO\ D FRPSOH[ QHWZRUN RI WRROV
EDFNXSV GLJHVWHG DQG RSHUDWLRQDO GDWD ZLWK FOHDUO\)
PLQG 6FLHQWLAF 'DWD 3UHVHUYDWLRQ /DQJXDJHV V\QWDI[HV
IRUPDWY DQG VRIWZDUH ZHUH GHYHORSHG IRU QRZ PRUH
WKDQ \HDUV LQ WKH YLHZ RI HVWDEOLVKLQJ LQWHUDFWLY
DUFKLWHFWXUHYVY LQ WKH IXWXUH $V IDU DV FU\WWDOORJUDS
GDwWD DUH RI FRQFHUQ SURSHU SUHVHUYDWLRQ DSSHDUV PRU
HQVXUHG XVLQJ JHRJUDSKLF GLVVHPLQDWLRQ PRGHV WR
ZDUUDQW\ VWDEOH EDFNXSV QRW GHSHQGLQJ RQ ORFDO LVVXI

,Q -DQXDU\ WKH ,QWHUQDWLRQDO <HDU RI &U\VWDOORJUDSK)\
EHJLQV DV PDQGDWHG E\ 81(6&2 KWWS ZZZ L\FU
RUJ ,Q $XJIXVW WKH UG :RUOG &RQJUHVV RI WKH

,QWHUQDWLRQDO 8QLRQ Rl &U\WWDOORJUDSK\ ZLOO WDNH SOD
ZLWK PDMRU PHHWLQJV RI WKH &,) DQG GDWD SUHVHUYDWLRQ
FRPPLVVLRQV
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SATELLITE DATA MANAGEMENT AND
PRESERVATION

Thérese Libourthne LaureMian Lin

We describe here how satellite earth data are managed and preserved. They represent a huge volume of ¢
have the particularity to come from the sensors being used and to be costly to obtain as satellite mission
national and/or international substantial material. They are more and more pooled so as to ease the access to
and to reduce the costs. Maintaining, treating and preserving these satellite earth data is of prime importanc
are essential for dealing with many current environmental challenges (climate change, littoral, etc.). In order 1
to treat and reuse them, many issues must be tackled regarding both technical and semantic problems. In |
we show how important metadata are.

Introduction

OEVHUYDWLRQ GDWD DUH SURGXTF
EDUWK REVHUYDWLRQ LV HVVHQWLHBO FIRQ HOHURQEO®HBMW GQ YLL\G
HURVLRQ RI FRDVWOLQH QDWXUDIONWXD/PQGRUVHPRGXWKRQH RZ
ELRGLYHUVLW\ SDVVLYH RSWLFDO VHQVRUV DQ

AV H[SODLQHG LQ > @ URXJKO
GLVFHUQLEOH LQ DQ LPDJH LV

UHVROXWLRQ RI WKH VHQVRU D
VPDOOHVW SRVVLEOH IHDWXUH

UHVROXWLRQ RI SDVVLYH VHQVR
FDVH RI DFWLYH PLFURZDYH VHQ
RQ WKHLU ,QVWDQWDQHRXV )LH
)29 LV WKH DQJXODU FRQH RI Yl
GHWHUPLQHVY WKH DUHD RQ WKH
IURP D JLYHQ DOWLWXGH DW RQ
7KLV DUHD RQ WKH JURXQG LV F
GHWHUPLQHYV D VHQVRU-V PD[LPX
6SDWLDO UHVROXWLRQ KDV HY]

UHVROXWLRQ LPDJHV H J P I
AUVW /DQGVDW LPDJHV WR PHGL
Figure Top ten primary data uses 6327 LPDJHVY DQG WR KLJK UHVI
(source: http://landsat.usgs.gov/Landsat_Project_Statistics.php) R U 632 7 LPDJHYV P IRU 30OHLC

SDWHOOLWH REVHUYDWLRQV SHARHAHDODY QLI DVHVWHAQ W U B OF X U
FRPSOHPHQWDULW\ WR LQ VLW REYHWHMRXUEGY DW G/ MHURX ¥ BAF
7KH AUVW PLVVLRQV GDWH EDFN WR WKH HQG RI WKH WK
&HQWXU\ 6LQFH WKHQ VHYHUDXY VD@V HJ)DR B/GIN KWKH EBE G VDK
DQG WKHLU QXPEHU NHHSV LQFNWDWURY WYX XD/ MDRIDEW QLIQW\K LD W
YROXPH Rl VDWHOOLWH GDWD EXUQH\DBBE®ODEQB ZKBSK ,MD AWH |
GUDPDWLFDOO\ 7KH PRVW |IDP RXR QAL R DR QVDLF@XXRHY 0D Q B F DX\
6327 30HLDGHYV EDVHG PRGHUDWH UHVROXWLRQ
UHSUHVHQWLQJ IRXU GHFDGHV R
TKH QXPEHU RI LPDJHV GLVWULEXWHG LV LQFUHDVLQJ YHU\ IDVV
PLOOLRQ RI /DQGVDW VFHQHVY KK 6($6 SURMHBW®27ZZZ VHDVQH
LPDJHV DFTXLUHG EHWZHHOQ SDEP® IRUP QHWZRUN IRU HDUWK

| 21



UHFHSWLRQ DQG H[SORLWDWLFXQ H6 FI6\QHWR Q. \5 H B BROUHPWH @ W HIBU 1Y ¢
HXURSHDQ DQG IUHQFK XQLYHUMIWKLNSHEXVORQMHOQD/ BYXQDLEG® SU
&DQDULHYV IRXYHOOH &DOpGROHWMXOJNROL@p WLHD WFEKQRD I G
DQG DLPV DW SDUWLFLSDWLQJ WD &WBEW DP BGHNFHRBQWRRI RWRE
HQYLURQPHQW DQG WKH VXVWDLQDEH H/SHFWO R SPEHIWG L QV MWALHR/S
DUHDYV 6WDUWLQJ IURP WKLV EDWFK WHEk
UHPHGLDO WUHDWPHQWY 7KHVH
TKH *(268' SURMHFW IXQGHGGLHI\HWKHW JOHQHF®RY )RU LQVWD(
$15 1DWLRQDO $JHQF\ IRU S5M\NKHDURKRORZ2ALDQPGWUHPWPHQWYV
*(2LQIRUPDWLRQ IRU 68VWDLEGREOUMFWHRIQOR S HONG LR HWULF
DLPV DW EXLOGLQJ D 1DWLRQDO$VDUWWOHQB®PWW GIDFW D Q® | UID R MHUVX E
HQYLURQPHQWDO DQG WHUULWRD & D®U B NWHWULRKQ DVQMED QWD IDGYS O
WR PDQDIJHPHQW DQG SXEOLF SROAHUFL V. WKK W ISH R/ HFF-DNO O QIO X I
PDQ\ DFWRUV 7KH &,1(6 &HQWDKNVRQFRDMHVGEL WEH W B WL RSQOR@G X FH
GH O-(QVHLIJQHPHQW 6XSpULHRKRUUMHRGWRQIGEVPXWR\D YRUWGEDW OL P
SUHVHUYDWLRQ ZKLOH UHVHDWHRHUD YUHRY RG H MWKBIG D VHD SBIVJWARL
VFLHQWLAF GDWD ZRUNARZV $ FHQWHU IRU KLJK SHUIRUPDQFH
FRPSXWDWLRQ LV LQYROYHG +B@&6/XVHYWRBERRVWRD QUIRVYHB HUR |
VXSHUFRPSXWLQJ UHVRXUFHV VEKBIW DHMHWPHHFHY VORP WRZ 8D W @
VXFK YROXPLQRXV DQG FRPSOHKDDWD EHHY® SKRMHEWWKHXSHR
EHORZ WR GHVFULEH KRZ SUHVBURDBDWEWQ 1RLVRFPEROGEHLXFW LV GHC(
_ o o OHYHO Rl SUHWUHDWPHQW LV E
Satellite Missions: Specicities amdvkHUzLVH

Production Work ow TKH SURGXFW DOZD\V FRQWDLQ"

FRQWH[WXDO PHWDGDWD ,W VKR
SDWHOOLWH LPDJH SURGXFHUVDRWYRD QH Y H UW KWH DRHTXLYWH .GV ISRIQR &
SURGXFWLRQ RI VXFK GDWD DV GHAFH EE HKG FEXH O J

|Q WKLV SURFHVV PHWDGDWD DU
WUHDWPHQWY UHTXLUH WKH XV
PHWDGDWD DUH HVVHQWLDO IRU
+RZHYHU PHWDGDWD DOVR UDLYV
ZHOO VWDQGDUGL]HG ORUHRYHU
GHVFULSWLRQV IURP RQH PLVVLF

lQ WKH *(268' SURMHFW WKH W
IRU VSDWLDO GDWD PDQDJHPHQ
UHWULHYLQJ VHUYLFH DQG GDV
VWDQGDUGL]HG PHWDGDWD DQG

Satellite Data Preservation Work ow

TKH AUVW LGHD LQ WKH *(268' SL
D VKRUW WHUP YLVLRQ WKH UDZ
WKH PHWDGDWD RI WKH UDZ SUF
VWDQGDUGL]HG IRU IHHGLQJ D F|
UHOHYDQW SURGXFWV IURP

TKH VHFRQG LGHD LV WR SUHVHU
WKH UDZ DQG GHULYHG SURGXFV
SURYLGHG E\ WKH &,1(6

Figure 2Acquisition and Production of Satellite Images (UML Formalism).
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Figure Ihe GEOSUD Work ow for Short- amtradhigdervation. PDQDJHPHQW RI PHWDGDWD ZLOC
ZLWKRXW UHSOLFDWLQJ LPDJHV
TKH SURFHVVHV WKDW LPSOHPHQW WKHVH WZR LGHDV DUH
PRGHOL]JHG DV VKRZQ LQ )LJJ5HIZRIHNARZW UHIHU WR D
VHTXHQFH RI WUHDWPHQWYV D E.DLGI—BCD\W[RD‘@RBHVCRED\MWLRWDMIPHH@
FDQ EH FKDLQHG LI WKH UHVX VR XWRKHVSEBYDREXY WUHDWPHQ\
FRQVLVWHQW ZLWK WKH QH[W WHR S PHAQW QUFDQ JF FD HDUW
VDWHOOLWH LPDJHU\ DLU SKRWR
|Q WKH ZRUNARZ IRU GDWD SUHSXHFRUDAD MRLGRINO LLCH V¥ R26BF H V
WKH UDZ SURGXFW IHHGV D FRZSOMHQV/HQY KKH LR W HCHOHD DM F
JHQHUDWLRQ LQFOXGLQJ VEKEKWWWERS KOH NHY FRHJ YW FWELRQU q
FRPSOHWLRQ VWDQGDUGLVDWIUWRQSVWWYW ZE&YEKRQR S DWID/MDH NQ I
PHWDGDWD IRU WKH UHWULHYWLQJ VHUYLFH IURP WKH PHWDGD\
WKDW DUH LQKHUHQW WR WKH [_3?D:][B-IPI—TKH%&U&WPISQH@GDUMQSBUFB‘DI
IRU WKH FDWDORJ ZKLOH WKH , ¥ WEHRGX FRMLHRQ | WHRG 5BIQ RWPHD J6HH C
UHSRVLWRU\ *XLOIRUG 3UHVYV
+LJK SHUIRUPDQFH FRPSXWL@J LV XVHG WR DSSO\ WLPH
FRQVXPLQJ WUHDWPHQWYVY WKDW WUDQVIRUP UDZ SURGXFWYV
WR GHULYHG SURGXFWV 7KH g }
LW LQFOXGHV WKH JHQHUDW L ef]sirTes EL
WKH DSSOLHG WUHDWPHQW D¢
FRQWDLQV WKH SURFHVVHG L P [Bs{eleltig=1RRi s IRl oJeI0 =1 [GUNa\A s [o]al 1o A
PHWDGDWD

DIAOLDWLRQV 7 /LERXUHO
TKH ORQJ WHUP SUHVHUYDWLR
GHSHQGLQJ RQ WKH WDUJHWH /,500 805 Dz
RU GHULYHG SURGXFW 5HJD U RUINEEAVe]giiel=]|[[=] g
SUHVHUYDWLRQ FRQFHUQV D OR®NES]

SURGXFW W VKRXOG EH QRW DI
KDYH EHHQ XVHG IRU WKH PH (VSDFH'HY 5!

,62 ZKLFK PD\ HYROYH WK X BUQINEES AV elalfo el I[=Tg

D PDLQWHQDQFH RI WKH YDUL RESACHEIz:

RHIJDUGLQJ WKH GHULYHG SUR DU

SURYLGHG IRU SUHVHUYDWLRQ 7KH AUVW RQH LV VLPLODU WR
UubzZz SURGXFW ORQJ SUHVHUYDWLRQ 7KH VHFRQG RQH XVHV

PHWDGDWD WUHDWPHQWY IRU UHEXLOGLQJ WKH GHULYHG SURG
IURP WKH UDZ SURGXFW W VKRXOG EH QRWHG WKDW ERWK UD?z
DQG GHULYHG SURGXFWV FRPELQH LPDJHV DQG PHWDGDWD

$V LPDJHV DUH YROXPLQRXV LW ZRXOG EH LQWHUHVWLQJ WR
SUHVHUYH WKH LPDJH IURP WKH UDZ SURGXFW LQGHSHQGHQWO
IURP WKH YDULRXV PHWDGDWD DVVRFLDWHG WR LW 7KH LQWHOC
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SEISMIC DATA PRESERVATION

Marc Schaming

Seismic methods are used to investigate the subsurface of the Earth to image the sedimentary layers and th
structures, for hydrocarbon exploration, near-surface applications, or crustal studies. Since the 1st half of
century, data are acquired and stored on paper, Im, tapes or disks. The preservation of these unique data is ¢
importance, and has to deal with favorable and unfavorable aspects. Some recent European projects den
that it is possible to preserve and re-use the seismic data, but that this is to be done at national or Europeal

Introduction Why preservation of seismic data i

SHLVPLF GDWD DUH XVHG WR LEISEMIMIKH VHGLPHQWDU\ OD\HU\
DQG WKH WHFWRQLF VWUXFWXUHV RI WKH (DUWK IRU K\GURFDU
H[SORUDWLRQ QHDU VXUIDFH © D'SSRAK\VWERQ VG DMW®J LIQH HWLH.
DQG HQYLURQPHQWDO VXUYH\\ZKDRW ZWRW W D6 WDW K Gt KBV FAKIXILA
([SORUDWLRQ DQG SURGXFWLRMRBBWSRQL HW RBWK\XH B0V WV
DFDGHPLD XVH WKHVH PHWKR G \WRQQGDWGE D @& BFQR F/PILDNALKDHF H. QV |
VW KDOI RI WKH WK FHQWXU\WHLVPLF GDWD KRDUGV WR © IDF
H[SODLQ WKLV

$FTXLVLWLRQ RU UHVXUYH\ F
GXUDWLRQ RI VXUYH\V QHFHVVD
Rl KDUGZDUH SODWIRUPV HWF

a NP LQ RQVKRUH N |
' DQG PDULQH VHLVPLF VXUYH\V
SHU GD\

Figure Typical seismic section (vertical scale: two-way travel time 0-4.5s,

horizontal scale: distance) showing a rift with opposite tilted blocks. 5HVXUYH\LQJ PD\ EH LQIHDYV
EXLOG XS RU SROLWLFDO FKDQJ

DDWD ZHUH AUVW RQ SDSHU RULNOWPRPHWUPRHY MWXDIQUG VI MWDIO @

RQ PDJQHWLF VXSSRUWY DQGVXJHSH\NVWMRQBW PZIHQAH IDFO XD BB B L

GDWDVHWYVY 3UHVHUYDWLRQ RI WKHVH SDWULPRQLDO GDWD L\

KLIJKHVW LPSRUWDQFH 20GHU GDWD DUH UHXVHG ZL®
XVLQJ QHZ DOJRULWKPV OLNH
PLIJUDWLRQ IRU QHZHU JHRSK!
5HFHQW H[DPSOHV DUH WKH XVH
QDWLRQDO FODLPV IRU =(( H[WH
IDWLRQV &RQYHQWLRQ RQ WKH /
RIT'VKRUH OR]DPELTXH .HQ\D ©6H
%D\ RI %LVFD\ ZHUH RI AUVW
DFDGHPLF UHVHDUFK OLNH IRU
DFTXLVLWLRQ RI RLO LQGXVWU\
OR]DPELTXH &KDQQHO HWF 'DWL
SURJUDP (WXGH &RQWLQHQWDO

Figure 2. Old original documents: seismic section on paper, navigation
chart, logbook, etc. | 25



<HDU 6WUHDPHU7UDFHYS5HFRUGLQ & MDAHSOIMW K DO SFOHV 6K F
VWUHDPHU V

a LQGKVWU\
Table 1Typical volumes of datasets at acquisition. 7DSH ,QWHUFKDQJH )RUPDW RU 5
'‘DWD (QFDSVXODWLRQ > @ ZHUH C
HW UplUDFWLRQ 6LVPLTXH DUH UHJXODUO\ UHTXHVWHG

E\ DFDGHPLF UHVHDUFKHUV DV QEGBUD\G EWW KBIUHQ ®RXWWQ\ SRRUO)
FXSERDUG RU RQ DQ RIAFH VKHOI
5HJXODUO\ VRPH FROOHFWLRQV L
Obstacles and advantages EHWWHU ZLWK GLJLWDO GDWD LI
WDNHQ ROGHU WDSHV DUH QR PR
PUHVHUYDWLRQ RI VHLVPLF GDWQCKRYW KNRLGAFX®D WILW K |R Y RIUDEC
DVSHFWYV EXW DOVR KDYH WRRPBDHU HK\Q FOHMRILIE O H VR H V

SHUPDQHQW LQFUHDVH RI GDWD Y RS&oxie stdna@lizatidnioE idHinatd dkid media/
devices (+)
AORQJ WLPH WKHUH LV D SHUPDQHQW LQFUHDVH RI GDWD YROXPH
GXULQJ DFTXLVLWLRQ DQG SURHE[SOV\RIUIDIWIKRINVBNRSK\VLFLVWYV GHA
VWDQGDUGV IRU HIFKDQJLQJ GDWL
TR JLYH VRPH W\SLFDO YROXPHVRFEHWYZRHQ[SORN@PB'LRQ *HRSK\V
IUHQFK DFDGHPLD DFTXLUHG DEREKWMVKHGNR RI VHRWAEILRLWDO W
GDWD UHSUHVHQWLQJ GD\V RIQF D XSNWWPDQH QW WSDURNF M\D\E HRY X S C
EXW RQO\ *E RI GDWD (FRUV GDXWIIW¥H JLYH DUBBREVIN@O@WM WR GD
DERXW WUDFN WDSHYV FRPSDQ\ PD\ WXQH WKHP WR WKHL
$OVR VRPH GHYLFHV ZHUH XVHG E
O9DULHW\ RI PHGLD GHYLFH\WEBDRDBP R GHDWV¥WR VWDQGDUG GHY
PDIQHWLF WDSHV ,%0 FDUW
AQ LPSRUWDQW SUREOHP LV UHGPPWHBEWNRHWHKHAH DPGEL HWER\ BQ B K®LED
GHYLFHV %HIRUH WKH GLJLWDDXDWH DI MKLQIURZXRW O XIHVBIQ KDW
UHFRUGYV ZHUH RQ SDSHU DQG RU AOPV VRPHWLPHV RQ
PLFURAOPV 7KHVH PHGLD KDYH D O3DQVUUH PRHAVDIOGD Q GI HP\W UK W Y
DQG KDYH WKH DGYDQWDJH RI EHLQJ KXPDQ UHDGDEOH 6LQFH
WKH GLJLWDO UHYROXWLRQ ( 3SHQGXVAWGEGDWDVH® WRDYWHDB BEWU
RI EHVW FDSDFLW\ DQG WUDQWHRYWSHHED XMHRBHDWUREWMVRB Q
WUDFNV PDJQHWLF WDSHV WRPSRWVVLEOH WRH RLVFDQ 6HLVFD
'$7 RU PP ([DE\WWHV WR '"/7 WR /7T2HWRXH WX@\ EsDWD SDSHU VHLVP
DUH DOVR ZULWWHQ WHPSRUDUQRQR@ KDUH IRIUNPNDW FEBFDQ@\L G X UL
SURFHVVLQ) LQWHUSUHWDWLFRE@WWEHBSYH RI LPDJH AOHV DQG PL(
WKDW WKH $ LPDJHV VFDQ((
TDSH IRUPDWV DUH JHQHUDOMNMLO RMHFWHQG W WZRKXIVEHER VIV QREY H U
GHSHQGLQJ WKH UHFRUGLQJ | ROWP IFW UWKHRQVW UDUHHEVYQ LQGLYLG XD
AOHV RU QRW FKDQQHOV DUH PXOWLSOH[HG RU QRW GHVFULSWI
DQG LQIRUPDWLYH UHFRUGV DUK HG@®OH K RYWH Q@QRON RDID G RIPGP G UFK B X
UHFRUGY KDYH GLITHUHQW EORERB VQGIWVWWLRBEDE HRD GIRWGLMHW
LV QORW FRUUHFW WKHUHIRUH VR@PGDWVHDANBE UDRHIV/MHDWY¥KH Q SIODF
EXW (3 LQGXVWU\ H[SORUHV QRZ
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GHHSHU ZDWHU RU FORVHU WRDRNRDSRVVEROELWR URHWVULMY®\ O
SODFHV WKDW ZHUH SROLWLFD @OV HFORWVKIBWMRBQ)S WRHUDWWKRQHD
UHDOO\ LQWHUHVWHG LQ DFFHOVYEG®DWKH FOMWIR/ KWW WHRUDNY @ \
QHZ SURMHFWYV YLHZ RI WKH VHLVPLF GDWD AJX

Data access

A ZD\ WR FRQYLQFH RI LPSRUWDQFH RI VHLVPLF GDWD
SUHVHUYDWLRQ LV WKH VKRZ WKDW WKH\ DUH RI LQWHUHVW 6
UHFHQW SURMHFWY DW WKH (XURSHDQ VFDOH GHDOW ZLWK WKL)
$ SUHUHTXLVLWH LV WR GHVFULEH WKH GDWDVHWYV ZLWK PHWD
WKDQ JLYH HDVN EXW FRQWUROOHG DFFHVV WR WKHP

Metadata

Figure 4. Seismic Image from High ResolutidfieBsmnservice.
MHWDGDWD GHVFULEHV WKH GDWDVHWYV E\ DQVZHULQJ EDVLF
TXHVWLRQV VXFK DV ZKDW ZKQ@HCIURlQQ ZKR KRZ ZKHUH
WR AQG GbDWD HWF O6HLVFDQ 6HLVFDQH[ SURMHFWYV SURYLGH:
PLQLPDO PHWDGDWD EXW *HRP&HDNM XYDHVELRRURI FRHPIS\OPHW HG DV
,62 FRPSOLDQW PHWDGDWD WRQBRBWVFRQEHGWKH GG EWDNIHANW L)\RW
VHLVPLF GDWDVHWY DGGLWLRWROGBHEKRHQW KMVMNWFRDWB DWK
DQ 2 0 UHFRUG 2EVHUYDWLRG@EGRQXGIG WO HDWXDWVHWN 7KHVH
ZLWK LQIRUPDWLRQV IRU GDWDQDWDRIXOLODIMWQA (R @ U O XURBIHDDAL B @
VHIPHQWYV RI VHLVPLF OLQHV D@GH QWAYOLQBWLRRDORIG DPHORH@EM BV O
UHFRUG WKDW KROGV GRPDLQ \BSRH/FVLL,ZERDHDDJQ)G?H(WHLD(\D AKX SRV L W

SXUVXH WKLV WDVN ZLWK JHRSK)

SHIHUHQFHYV
[1] 6DYDJH 3 2 5HFRPPHQGHG
DQG DUFKLYLQJ RI H[SORUDWLR

[2] %RRWK $0JDQ 'XNH *X\WRQ
7KHULRW :LOGJRRVH DQG :LOKH
JRUPDW 5HFRUG 2ULHQWHG 'DWD
QR

[3] 6HLVFDQH[ 2 '"HYHORSLQJ D (XU
VHLVPLF GDWD KWWS FDWV X V
[4] *HR 6HDV 2 3DQ (XURSHDQ L
PDQDJHPHQW RI PDULQH DQG

JHRSK\VLFDO GDWD KWWS ZZZ J

Figure 3. Geo-Seas metadata schema. Contact

Data aCCGSSIbI“ty Marc Schaming - marc.schaming@unistra.fr
Institut de Physique du Globe

'‘DWD YDORUL]DWLRQ FDQ EH LP GRS L

7TKHUHIRUH SXEOLVKLQJ PHW D G DE=eelN=IN@le =1 aV21 (0] [(=No [CERSTo[lg (Lo [CREMCI( (S H

DV JLYLQJ D TXLFN YLHZ RI WKH UXH 5HQH '"HVFDUWHYV

*HR 6HDV > @ SRUWDO PHWDGD 6UDVERXUJ &HGH[ )UDOQHg

WKURXJK GDWDVHWY DQG VHOHE
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WORKFLOWND SCIENTIFIC BIG DATA
PRESERVATION

Salima Benbernou and Mustapha Lebbah

The scienti ¢ data landscape is expanding rapidly in both scale and diversity. Consequently, to handle the s
of data generation, it is needed a scalable processing methods for managing and analysing the data. The wc
widely recognised as a useful paradigm to describe, manage, and share complex scienti ¢ analyses, simula
experiments. However, the long term preservation of scienti ¢ work ow and the methods used for executing
challenges due to the vulnerability and volatility of data and services required for its execution. Changes car
in the work ow environment because Web services may evolve over the time. Consequently, it will alter the
work ow and hinder the reusability of output from work ow execution. In this chapter we will give an overy
scienti ¢ work ow and present some challenges and analysis methods for long term data preservation.

Data preservation: representation

A ZRUNARZ WKDW XWLOL]JHV :H
TRGD\ FRPSXWDWLRQ KDV EHFRMPS OHPHOWPWRR QWD QRN DWBMRW
RI VFLHQFH DORQJVLGH WKHRWFR PRV H\VIHRWOL BH@ W: BE/ VU ELBH
GDWD VFDODEOH +HQFH VFDOBPORHERWBWWRY LRIQWEKHW RBROV
QHHGHG LQ DSSOLFDWLRQV WKW :HEYROUWH FHR VSHFHK[Q WO R N\VL VI
VFLHQWLAF GDWD UHSUHVHQWDWIRE& VN QIHAYLVHY Q® GL\WX\DULLE
$ W\SLFDO VFHQDULR LV D UHBHWUWRIYBPPURBHO P QR X DRIRWL QI (
GDWD WR D VXSHUFRPSXWHU IRW WHPXO DW ILRQD SCDXEBBKLQ JD WK
FRPSXWDWLRQV DQG PDQDJLQJZWHBHUHGW H YU QWIDRML RQ RH VGHDW\
DQG VWRUDJH WKH RXWSXW UH&RLHOQW MWAKFD WRD N A RH YHWW B PY K
WKH FRPSHWHQFLHV RI PDQ\ VAARRWURWWDQ\ DSSOLFDWLRQV |

HI[HFXWLRQ Rl FRPSOH[ WDVNV D
SFLHQWLAF ZRUNARZ V\VWHPV RIQL B LMW UD E W\WR A B WLHM/IR X\UKALHN
SURFHVV LQ D ZzD\ WR PDNH LW HDVLHU IRU VFLHQWLVWYVY WR IR
RQ WKHLU UHVHDUFK DQG QRW RQ FRPSXWDWLRQ PDQDJHPHQW
L H PHWKRGV IRU H[WUDFwLSacienthe work ovwk aod jpreseratian:
SUHGLFWLQJ GDWD YDOLGDWLQJ GDWD UHSURGXFLQJ FRPSO
WDVNV UHXVLQJ GDWD UHVXOW alll@ngeBKHUHlRUH WKH ZRUNAR
EHFRPLQJ D SRZHUIXO SDUDGLJP IRU VFLHQWLVWY WR PDQDJH
ELJ VFLHQWLAF GDWD > @ $ VBHXQWEAGLXARUNARZRGHYEBLEBHW\
VFLHQWLAF SURFHGXUH UHTXLULQJ D VHULHV RI VWHS SURFH)
WR FRRUGLQDWH PXOWLSOH WNMDRV VFLAKQ WDWW VUHB 8 H HX\HLQQN VZ
HIHFXWLRQ RI D FRPSXWDWLRQDHVISURFHEPEG WXFEK [FR RSO\ U
D SURJUDP TXHU\LQJ D GDWDBDLYPKX OB WHERIQVW 2 QB HDWKRIEZ R/URN B F
FRPSXWH LQYRNLQJD VHUYLFHZRXBG \WWKNHHERMRHXVH BV K H FGRDW
UHVRXUFH $Q H[DPSOH RI VFLHQWVAB ZR URVARH UL V FAHHSLVF MVHAGY
LQ )LIJXUH > @ ,Q IDFW LW PD\ EH SRVVLE
6FLHQWLAF ZRUNARZV KHOS ©PQ@QGHNDRDIYLQDWHWDWORE. REWDLQ
PRQLWRULQJ DQG H[HFXWLQJ LQ VLOLFR H[SHULPHQWYV
ORUHRYHU ZRUNARZ RUFKHVWUDWLRQ UHIHUV WR WKH DFWLYL
RI GHAQLQJ WKH VHTXHQFH Rl WDVNV QHHGHG WR PDQDJH D
EXVLQHVV RU FRPSXWDWLRQDO VFLHQFH RU HQJLQHHULQJ SURF|
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‘RUNARZ V\VWHPV DUH LQFUHDVL
Figure 1An example of scienti ¢ work ow (borrowed from [2]). VFLHQWLAF H[SHULPHQWYV 7KH ¢

ZRUNARZV DQG WKH YROXPH KDV
|Q GRLQJ WKDW WKH VFLHQWLWNV @HIGE RARD PXUBXYVHYV XKLG BWO.
VSHFLI\LQJ PHWDGDWD LQIRUPDWQRQJWKDRH GHMAHH\EWH DYGC HMH
WKH ZRUNARZ QHHGVY WR DGGUHNMSUZRHE MMROOFNL @R GHS X WKHRH QA
DQG DSSOLFDWLRQ EHFDXVH ERRAKNXR P SIDAHWY SHFARF D \I LFRD OC
LPSOHPHQWDWLRQ ZLOO HYRO YIH/ RYHWX WHKIHG WR.B s B U R QIOHDU Bi HX
WKH ZRUNARZ VKRXOG VXSSRUW QHZ FDSDELOLWLHYV LQ IXWXU]
GXULQJ WKH SUHVHUYDWLRQ = 5HXVH E\ FROODERUDWRUYV

PHPEHU RI FRPPXQLW\ UHVHDUFI
S3DUWLDO UHXVDELOLW\ IUDJPHGQWRWMHXWD ELQMWAH RI ZKLFK WKH

NRW RQO\ WKH GDWDVHWY REWDLQHMXDBM EXWBKIW GU R B UMK\Q QLK.
ZRUNARZV FDQ EH UHXVHG E\ VELNQWLEWWH® DREWRVW WEKHVZRO
WKH SDUW RI WKH VFLHQWLAF ZARBNAR 2 UFFDFO B HSH © LIRIDQ WHVQ ®/RQ H
EH UH H[HFXWHG ,W LV QRW DORBW |B B WIHE0 H BICHX Q/R WWQ/H K B YHH
HIHFXWH D ZRUNARZ LQ LWV RUIDNMNQBONARZAMURQPHQW 2QO\ SDU
RI LW DUH XVHIXO IRU QHZ DSSOLFDWLRQV ,Q GRLQJ WKH RULJI
ZRUNARZ FDQ EH VSOLW IUDJPA Q@QMDHGHLSDRWQRIWDKAMBWRUNATF
ZKHUH VRPH Rl WKHP FDQ EH MDY WDEO H RRW ARFZ HDKXKIW WY  FZRHL

UHXVDELOLW\ > @ H[LVWLQJ ZRUNARZV ZH ZRXOG
HISHULHQFH NQRZOHGJH 7KH DYI
SURYHQDQFH TXDOLW\ FKDLQV RU ZRUNARZV FUHDWHYV

WRWDO RU SDUWLDO H[SORUDWL
FRU ORQJ WHUP SUHVHUYDWLRWR UWRIX\S QHFHO DD WWRWRAR QV X\
WKH LQWHJULW\ RI WKH ZRUNARS SIWOH.IFIWILRQ VW R ONKK/W AR QG L V¥ D
RI EHLQJ FRPSOHWHG DQG XQBDWWUWGRRDRDAA RZU JDQE]M ERUN
DXWKHQWLFLW\ RI FKDLQ RI WUHDWPHQW LW LV QF
WKH ZRUNARZ 6XFK UHOHYDQW KRPRIMOHR XM IRBRKBW L RROHZ PR® V
VWXGLHG WKURXJK LQYHVWLJDBN\ORFWIXWHZR D NK R SNARRZH Q DNH
WDFNOLQJ WKH VSDFH HYROXWLRQ

TKHUHIRUH WKH XVH RI DQ\ VH
'DWD SUHVHUYDWLRQ $QDO\WLY ORQJ OLVW ZKHUH XVHUV P>

VHTXHQWLDOO\ WR LGHQWLI\ WK
WRUNARZ UHXVH FDQ EH VHHQ WKW ICGHZ RROIARZNO®L@KRPRIJHQHR
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KDYH PRUH FRPSUHKHQVLYH U i MXFOMX\U B QR B HY O @ XIRFANSOAWLHGUH 6 R
WKH LQIRUPDWLRQ &OXVWHUIOB WODE SPHWAMYL RHLGIHOEFK QL
DUH ZLGHO\ XVHG LQ PDQ\ GYIMHUBRQOWAHQGYKLUKKHU KW IDUHDDL|
LQFOXGH EXW DUH QRW OLPLWBGLWHRL UTR FX PHI@W DUDHWR OIRH Y DOX Ul
VHIPHQWDWLRQ JUDSK PLQLQUED®B GG DRV AR D LEIX \8\O® M M MM L-F
KDV DOVR EHHQ DSSOLHG LQ WK WRIQ\S HYW LRBSIOE QWILQ H\FV. Z& B A R
WR GHULYH ZRUNARZ VSHFLABDWLRQV IURP VHTXHQFHV RI

H[HFXWLRQ ORJ HQWULHV 7KH DODO AR =
KRZHYHU UHPDLQV ODUJHO\ X (epet

lQ VXPPDU\ WKUHH NH\ HOH P HEE = =R ooV gz R sp o[l o [@)] o (S0 clo= g (= 1
ZRUNARZV Laboratoire d’'Informatique Paris Descartes
LIPADE

| $ PRGHO WR UHSUHVHQW RIOARA-RVAARIA S NUNRY
ZRUNARZ FDQ EH UHSUHVHQWH
HDFK QRGH LV DVVRFLDWHG W RIS ERRE ol aBSieTo g WSolo =g [CUNaWA o LTI KR 'K \A
GDWD +HQFH WKH ZRUNARZ L \JEIETI-NeRIa{o]f - \io SR AN o] (s!
PLIHG GDWD Université Paris 13

| $ VLPLODULW\ PHDVXUH DFFRUGLQJ WR WKH
UHSUHVHQWDWLRQ RI WKH ZRUNARZV DV D JUDSK DQG
PXOWLGLPHQVLRQDO GDWD RU PL[HG GDWD D VSHFLAF GLVWDC
FDQ EH XVHG RU UHGHAQHG HVSHFLDOO\ WKHVH ZRUNARZ

| $Q DQDO\WLQJ DOJRULWKP 7KH DOJRULWKP VHOHFWLRQ
LV LPSRUWDQW 7KH FKDOOHQJH LQ WKH FRQWH[W RI ZRUNARZ
SUHVHUYDWLRQ LV WR DGDSW VRPH H[LVWLQJ DOJRULWKPV

S5SHIHUHQFHV
[l]&DUROH $ *REOH DQG 'DYLG 'H 5RXUH 7KH LPSDFW

Rl ZRUNARZ WRROV RQ GDWD FHQWULF UHVHDUFK 7KH )RXUWK
3DUDGLJP OLFURVRIW 5HVHDUFK

[2l0OLUNR 6RQWDJ 'LPND .DUDVWR\DQRYD ORGHO DV \RX

JR $Q $SSURDFK IRU DQ $GYDQFHG ,QIUDVWUXFWXUH IRU
6FLHQWLAF :RUNARZV - *ULG &RPSXW

[3]'DYLG 'H 5RXUH .KDOLG %HOKDMMDPH 3DROR OLVVLHU
-RVp ODQXHO *yPH] 3pUH] 5D~0 3DOPD -RVp (QULTXH

5XL] .ULVWLQD +HWWQH ODUFR 5RRV *UDKDP .O\QH &DUROH
*REOH 7RZDUGV WKH 3UHVHUYDWLRQ RI 6FLHQWLAF
'RUNARZV LQ 3URF WK ,QWHUQDWLRQDO &RQIHUHQFH RQ
3UHVHUYDWLRQ RI 'LJLWDO 2EMHFWV L35(6

[4] 9DVLOLRV $QGULNRSRXORV 6DOLPD %HQEHUQRX OLFKDHO
3 3DSD]RJORX 2Q WKH (YROXWLRQ RI BHUYLFHV ,(((
7UDQV BRIWZDUH (QJ

[5]0OHKGL %HQWRXQVL 6DOLPD %HQEHUQRX &KHLNK 6
'HPH OLNKDLO - $WDOODK $QRQ\IUDJ DQRQ\PL]DWLRQ
EDVHG DSSURDFK IRU SULYDF\ SUHVHUYLQJ %3DD6 &ORXG ,

[6] (PDQXHOH 6DQWRYV /DXUR /LQV -DPHV 3 $KUHQV
-XOLDQD )UHLUH DQG &ODXGLR 7 6LOYD $ J)LUVW BWXG\
RQ &OXVWHULQJ &ROOHFWLRQV RI :RUNARZ *UDSKV ,Q
3URYHQDQFH DQG $QQRWDWLRQ RI 'DWD DQG 3URFHVVHV
-XOLDQD )UHLUH 'DYLG .RRS DQG /XF ORUHDX (GV
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LONG TERM ARCHIVING AND CCSDS
STANDARDS

Daniele Boucon

This article presents some conceptual and implementation CCSDS —Consultative Committee for Space Data
standards for long term archiving. It focuses on the most recent one, the Producer Archive Interface Spec
(PAIS) standard. This standard, currently available as a draft on the CCSDS web site, will be published by the
of 2014. 1t will enable the Producer to share with the Archive a suf ciently precise and unambiguous formal de
of the Digital Objects to be produced and transferred, by means of a model. It will also enable a precise de
the packaging of these objects in the form of Submission Information Packages (SIPs), including the order

they should be transferrednvited contribution

Context for space scienticdata =«  WKH 2$,6 2SHQ $UFKLYDO ,Q
KWWS SXEOLF FFVGV RUJ SXEOL
FRU \HDUV LQ &1(6 &HQWUH 1BW®WILRQDO G- (WXGHYVY 6SDWLDOHYV
JUHQFK 6SDFH $JHQF\ D ODUJH QXPEHU RI VSDFH PLVVLRQV
KDYH EHHQ SURGXFLQJ D KXJH BPRXQKHR $>XC®DIWWD DKX® GUHGBNLRF D\
7E 7TKHVH GDWD FRQVWLWXW H LD LY\DOOOX DJEHGIR WLMRIUN. B YH KWKWD 8V FS
EH SUHVHUYHG EHFDXVH PDQ\ ROIUWKLIHMH DUHP XQGT X H UHODWHG
WR DQ HYHQW WKDW ZLOO QHYHU KDSSHQ DJDLQ RU IRU D YHU
ORQJ WLPH HJ +DOOH\ FRPHW SHWKRG 3%,0$6HD3JURGXIHHHNV HSUF
GDWD FRXOG EH LQWHJUDWHG Q0QQWXRGR 6 H\E \RW URERM 6 WEDVQLGRD
LQFOXGLQJ F\FOHV IRU FOLPDWHKWWRQ J&XED\WHF UYYDNW VRRUD GX BPML
EH PDQGDWRU\ WR SUHSDUH IS®IXUH PLVVLRQV HJ *$,%
EHQHAWYV IURP +,33$5&26 H[SHULHQFH 'LWK WKH DUULYDO
Rl QHZ PLVVLRQV WKLY DPRXQW RI VGHON D3% 16 02 | XIJUWRIKGHKUF HQ F KB
LQ YROXPH DQG FRPSOH[LW\ 6SHFLAFDWLRQ SXEOLFDWLRQ S
EHIRUH DVN GDQLHOH ERXFRQ#FQ
lQ WKH VSDFH VHFWRU DUFKLYLQJ FDQ EH VHW XS DW GLIIHUHC
OHYHOV GHSHQGLQJ RQ WKH mRUWK®L]DSLRQPRI PDW/WXFGV XOUML
LPSOHPHQWHG VXFK DV ZLWKLSXPBPORIFVVERG WV  RQW BRXE O LU MR- F
RU ZLWK D PXOWL PLVVLRQ $UMPKQOH RI VFLHQWLAF GDWD VXFK
DV WKH 166'& 1DWLRQDO 6SDFH 6FLHQFH 'DWD &HQWHU
WKH 3'6 30DQHWDU\ 'DWD 6\VWHRER VRKHWTKH '&8B (QWDWPDLFWLRQD!
3K\ VLFV 'DWD &HQWHU 7TKH FROQNMPDWHLY FRPSOH[ PRVW
RIWHQ LQYROYLQJ LQWHUQDWIKRQDP® BRESHBIFWVREY RALIWEX DM
HYHU LQFUHDVLQJ GLYHUVLW\ BGIWKH 3URGXFHUV (YHQ LI WKH
OLIHVSDQ RI D VSDFH SURMHFW LV EHWZHHQ WHQ DQG WZHQW!
\HDUV GDWD KDYH WR EH SUHVHKK B&IRYHIQ MPH OXREAHLAP LRVH G B B, If
JXUWKHUPRUH WKH GDWD SURGURNMLGBYHWRERKBWNKGHD A& RMHU L
ZRUOG EHWZHHQ DQ LQIRUPDWLRQ 3URG
2YHUYLHZ RQ VWDQGDUGYV 3%$,0$6 3%$,6 DQG WKH FHUWLAFDW
WR WKH FRQFHSWY DQG IXQFWLRC(
lQ WKLV FRQWH[W WKH &1(6 ZLWK RWKHU RUJDQL]DWLRQV
1$6% (6% %Q) « DFWLYHO\ SDIUKML BXSDIWH W QG VRKH WEA'BDWLRQ
&RQVXOWDWLYH &RPPLWWHH BRI B\BSIDW R U DMWDGAH X WY \WD VW BHQGI
&&6'6 KDV SURGXFHG PDMRU VWBRBICFXKDWE& VEDNXHKD Q VD XA DIRRHU D\
DYDLODEOH RQ WKH &&6'6 ZHEVLWH DW ZZZ FFVGV RUJ
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RI GLJLWDO UHSRVLWRULHV 7KNESFRBWH ®RH YCHSSSROS HF G WPIHRMK R G W
GRFXPHQW LV WKH HQWLUH UD @XHGRYUG KILLYW D O QIGH SIIRRLOWR ILRLULH G [
&&6'6 VWDQGDUGY 7KHVH WRRO\
TKH 3$,0$6 LV D PHWKRGRORJLF®»06YWDDRBBDIREUW K DW DLLGOHDEW HA 1D\
IRXU SKDVHV RI D 3URGXFHU $%EELYEH BHRMHKRAWP L H WKH VHW
Rl DFWLYLWLHY DQG WKH PHDQ®VRRWHG HYWKEDEDORGRMH KWW S
ZHOO DV WKH $UFKLYH WR LQJWWWE D JLYHQ VHW RI LQIRUPDWL
LQWR WKH $UFKLYH SUHOLPWXMBUG,33R U P MO J HIPAQILW LFOH FW U |
7UDQVIHU DQG 9DOLGDWLRQ SKDWHVHVYKHQESKNBVYHQYWMROFOBRD WL
RQH DQRWKHU LQ D FKURQROR3%,BDONRHGHHZ RKIE'GUHDDLE GONG
3KDVH LQFOXGHYV D SUHOLPLQEWWGEHAQLDVBR | GIF MK 1D CRE I B F3N
WR EH DUFKLYHG D AUVW GHAQLWLRQ RI WKH 6,3V DQG AQDOC
D GUDIW VXEPLVVLRQ DJUHHPHG@®W STKRDRURDPIDHFRIQLAVRR QVKH
3KDVH LQFOXGHVY D FRPSOHWHG66HBFGARDWIWR® Q 33| 6V KV SVUDHFG IV Bi(
GHAQLWLRQ RI WKH REMHFWYV WR A®GHE HOLSYSFRIHGEL QQIQWE KIHHGE M D M\
D 6XEPLVVLRQ $JUHHPHQW 7KHNUDmMYVYHUY 3KWRF HD SWRIRXPHNU W R
WKH DFWXDO WUDQVIHU RI WKH 6,3V EHWZHHQ WKH 3URGXFHU D
WKH $UFKLYH 7KH 9DOLGDWLRARQWKDYW HI® FDWK & H W QVE\HW B FH\W3% Dt
YDOLGDWLRQ RI WKH 6,3V E\ WRH 'SWHAK 2¥H/ IBDRVEVDIQ\R B HO X3LURH3X
IROORZ XS DFWLRQ ZLWK WKH 3DWRGXFEMH FAK BUKH \GHR WV W WD/GI\C
IXUWKHU EURNHQ GRZQ WR HQGWX{EP V¥ LEXW VBIW KW LR W B AW DRIGIV J
VRPH RI ZKLFK FDQ EH SHUIRUKHGKIHUG B 8N & G HRBWOAFRVVRNGIR Z Q
DOQRWKHU WKH PHWKRGRORJ\ BRFSIDUWNV 6/R%? H WKKHUWHNE\ SRR ¢
WDEOHYV WDNLQJ LQWR DFFRXQRM FRQWSRWW LVE\GH VD AMRMAVLQORV
QHJRWLDWLRQ 7KLV VWDQGDUGQG DMWTWHKOFLQW HDWI RKN OHQYHE |
BURGXFHU DQG WKH LQJHVW 2%$,6 IXQFWLRQDO HQWLW\

TKH 3%,6 LPSOHPHQWYV SDUW RI WKH 3%$,0$6 ,W LPSOHPHQWYV

WKH PRGHO RI WKH GDWD WR EH WUDQVIHUUHG 6,3 VSHFLAFDW|
DQG FUHDWLRQ 7KH 3%,6 LV GHVFULEHG LQ PRUH GHWDLO LQ W/
UHPDLQGHU RI WKLV DUWLFOH

TKH ;)'8 LV D SDFNDJLQJ VWDQGDUG IRU GDWD PHWDGDWD
DQG VRIWZDUH LQWR D VLQJO HiGDFexdnddhistt J AOH GRFXPHQW
PHVVDJH WR IDFLOLWDWH LQIRUPDWLRQ WUDQVIHU DQG DUFKL
W SURYLGHV D IX00 ;0/ VFKHPDKH 3URGXFHU LV UHVSRQVLEOH
DFFRUGLQJ WR FRQWHQW W\SHYV
TKH '('6/ 'DWD (QWLW)\ 'LFWLRQRU\ WRBLESMRERENWILRQ LQ D V
IDQJXDJH GHAQHV WKH DEVWUDBW RG KAYHWE RIQQR Q MW/.KRMWL B MCHBN
LQIRUPDWLRQ WKDW LV UHTXLUHG WKHEH[BPRYYH\BERYKH WK&H 3U
VWDQGDUG SUHVHQWYV WKH VSNKEPEMMWMR® IREWE6ODIIHREB RD QF
DWWULEXWHY HQWLWLHV GLRWLERIDVHEW 7\B4L Y% D\WQ & RVKHH VR
WKH DFWXDO WHFKQLTXH XVHG&WR FMXQYHVWHG B\QWR WP D VOLORPQH
LQGHSHQGHQW RI WKH LQIRUP DWKIHRQFRRX®W HFRD \I B G W VDIOHOLRHZI R @
WKH VDPH DEVWUDFW VWDQGDD® GIE®\ED MAHEDWLWKLQ GLIIHU}
IRUPDWWLQJ HQYLURQPHQWYV FKHRUYGL/QVWIRQGWERHG@BNHO VRVDQGD
VSHFLAHV WKH ZD\ WR H[WHQ G DUKHGAFQ PSHRMH G W\QHTU D GIVI H K R
WR DGG DWWULEXWHY DQG SUHER[WYHLIQQWKH RASIKWHELOEWYH 7 K|
SHUPLWV WKH VHPDQWLF LQIRRPDWRRSOVW KR VEH OMU DQ@N Q R W HEJ
GLIIHUHQW UHSUHVHQWDWLRQV [DWDP DE MHFQHH GHX Z® 8 Q 05 B WJ {
WUDQVIHUUHG DFURVV GLIIHUHQWDMR PDHQWKH VXEMHFW RI WK
RI 7UDQVIHU 2EMHFW FRXOG EF
SURGXFW FRPSRVHG RI YDULRX
LH WKH 'DWD 2EMHFWV RUJDQ
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WKH *URXSYV 7KH 3%$,6 VWDQGDUG BGDISIRAEWNH FYWKH SFHR QW UR O
RI WKHVH REMHFWV WKURXJK WKHIJGRXBOWSHVLRQ RI WKHLU W\S
QDPHO\ WKH 7UDQVIHU 2EMHFW WUITHON | HWRESI HR VS B'GIGZ FUL S W
'DWD 2EMHFW 7\SHV 7KH GHVFULSWRU FOHDUO\ GH@ODU
$FFRUGLQJ WR WKH 3%$,6 WKH ®HAGQ WKIHR BRRIWM R MV M &IRID ¥ R © B/F
7\SHV LV JLYHQ E\ D "6,3 &RQVWIRXN@SH :0/ EREOGCROQWRQH "% C
WKDW FDQ EH DV VKRUW DV WKREIRBOP Q B 6RPH SDUWV R
VLS&RQVWUDLQWYV [POQV 2XUQWUWXGNDWHGE MM SDUHWSGDFHG E\ "«

SURGXFHUSUFKLYH3URKBHAWSHGLFIDRWHGWR WKH FRQWUF
SURGXFHU$UFKLYH3URMHFW,'! DVVRFLDWLRQV EHWZHHQ WKH W\

VLS&RQWHQW7\SH! SDUWV DUH RSWLRQDO
VLS&RQWHQW7\SH, ®&R Q@ HIQGBAG LWERQ$ WKH 3$,6 VWDQGLE
VLS&RQWHQW7\SH,"! VHW RI PHWDGDWD WKDW VKDOO

DXWKRUL]JHG'HVFULSWRU! FRPSOHWH W\SLQJ RI DOO WKH
GHVFULSWRU® !% OGHVAVESWSWRYJ RI WKH REMHFWV WR WK
RFFQUUHQFH! 3$,6 VWDQGDUG DOVR GHAQHV D
PLQ2FFXUUHQFH! PLQRGFWHKHHEEHE :)'8 UHFRPPHQGHG
PD[2FFXUUHQFH! PD[2FBXURSTHMHQWDWLRQ WKH 6,3V

RFFXUUHQFH! W\SH L H XVXDOO\ D =,3 DUFKLY
DXWKRUL]JHG'HVFULSWRU!WKH 'DWD 2EMHFW AOHV RUJDQL
VLS&RQWHQWT7\SH! RI QHVWHG IROGHUV 7KLV VWUXI
VLS&RQVWUDLQWV! E\ DQ ;)'8 ODQLIHVW ;0/ GRFXPHQ

WKH 'DWD 2EMHFWV DQG ZKHQ
TKLV "6,3 &RQVWUDLQWVp GRF X\PHHD \W$ V6K DXL YLROFFIDOXGE\H L B ® Q WAL KA
&RQWHQW 7\SH GHAQLWLRQV DGWREBXFKH R GO F MKH & RORAVHHIW 7LS|
$@ KDV EHHQ GHVFULEHG LQ WKH\BHNP SOR X8 W \\BHR/S O UBLQWAI HAK R &
&RQWHQW 7\SH $ DFFHSWV RQOMKPHHIWM QVIHU 2EMHFW 7\SH
LGHQWLAHG DV ~ %@ X H K H VH[DIPSIRHWDOPRNY RI PHWKRGV IRU ZUL
GHAQHV WKDW WZR DQG RQO\ W@R C(REWHB®E& R R QWK IP\D \WA $/H ZD W/
H[SHFWHG SHU 6,3 Rl @VKIZNH&RQWBIQE®D\GW 1HYHUWKHOHVV WK
&RQVWUDLQWVH GRFXPHQW FD® YIHQWR HZH R Q WV KVHK HP DNHR X HVQIWFHL '\
FRQVWUDLQWY IRU H[DPSOH WGQRXIRUFIHDWKHRW H BQY VG H A RUWSL BRD F
&RQWHQW 7\SH % SULRU WR WKRVH RI &RQWHQW?\SH &

TKH "%OXH 'HWUWIHSIWBY WR D 7UDQVIHU 2EMHFW
7\SH WKDW KDV WR EH GHAQHG LQ D VHSBDUDWH—7UDOVHHE2EMHI
7\SH GHVFULSWRUp ;0/ GRFXPHQW DV WKH |R9U1®'?€%ﬂ£%9nh H
WUDQVIHU2EMHFW7\SH'HVFULSWRU [F>0QVaa‘3<CL?'8§e’E'|'3 Y F K H
PD SDLV 2l
LGHQWLAFDWLRQ!
GHVFULSWRUORGHO L&&§¢ Define PAIS Descriptors
GHVFULSWRUORGHO,"!
GHVFULSWRUORGHPI9HUVLRQ!9
GHVFULSWRUORGHO9HUVLRQ!
GHVFULSWRU, '%OXH '"HVFU
LGHQWLAFDWLRQ!

v
SWRU " poinG 445 S EBduras

|

Invalid [refineX

JURXS@SH!
JURXS7\SH,''%O0XH *URXS J|

GDWD2HHFW7\SH!
GDWD2EMHFW7\SH,'!'%0XH 'DWD 2EMHF}Q
GDWD2EMHFW7\SH,"!

Valid

Figure dypical steps driving a PAIS Producer-Archive Project de n
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FLQDOO\ D 3URGXFHU $UFKLYHAGORMKIFWYVRKBR®OEBHBDHAGHAQRB L
WKH 3%$,6 VWDQGDUG E\ ZULWL @QRIQD' DM FRJIH\H IGYRFAXPRIQVBVRFH YV
DFFRUGLQJ WR D IRUPDO ;0/ (MDQWOMIGD U GHB/XWB WWHXHW X
GHVFULSWRUV DJDLQVW ;0/ 6FKRIPPDOGRK XPHAQQH VKR WVBEHSYV D (
LQ DQQH[ RI WKH VWDQGDUG DQBTEHYHGRW R 5 WHIXNWBIYW RRIQIM. W
EXLOGLQJ WUDQVIHUULQJ UHFHUREBY\D /& X\D GIHAMMIGQ D G RIY/J 2

. ZLWK WKH GDWD OLIHF\FOH 7KLY\
PAIS, preservation process and dataxpu\

lifecycle

Figure 3. PAIS, preservation process and data lifecycle. COhClUSIOh

TKH SUHYLRXVO\ FLWHG VWD QGDKIG & A6 XWID® ®DW G V| ISHWRNLVE W
RI D GDWD SUHVHUYDWLRQ SURFPBE®WPHOQWIONUL R I\W K HO ROR GW A
VLGH RU RQ WKH $UFKLYH VLGHWRHKH3%,BWDUR Y LG ¥ OBIQL V. FFRO'HHR)
E\ WKH PDLQ SKDVHV SUHSD WOHMYRRQ DWUR®D BDWIZHRI®X VK HR BL
GDWD SURGXFWLRQ JHQHUD O ONKEH DIXQWRRDIWZRQKDW & HP ¥ Q V. HLP
ODXQFK DQG GDWD SUHVHUYDWRLRIQGDWLRQ RI WKH 'LJLWDO 2E

EH SXEOLVKHG DV D &&6'6 VWDQ
FLIXUH LV D KLJK OHYHO YLHZ RIDW&HV&RWDGOEHFRFBH Q , V6 2L
UHFRPPHQGHG WKDW D GDWD SVUBIRMUMDWLRROHSRDI) EH SKHSD U
HDUO\ LQ WKH GDWD OLIHF\FOEHW WM K HTUX BMKXIDQ\ DRW VIDKIHF KR IHGS
ZLWKGUDZDO IURP DFWLYH V\VIWRPW RXULIQH RSHUBWREBRFWLRQ
GDWD DUH FUHDWHG IURP D FROOHFWLRQ RI GDWD IRU H[DPSC
UDZ GDWD ZLWK RUELW GDWD b BIE RWMKMPFHSDUDPHWHUY SURFH)
VWRUHG LQ WKH PLVVLRQ DUHKLSHIHDGI® FHFBRG B8 DQIR W R QOHS 1B
FRQVWUDLQWY WKH\ DUH SXEA\VKHG 2DF 18 WIKHF R P RHOW DB
DQG KDYH EHHQ YDOLGDWHG |WWHVBPWBWWNHCYUSYD @AH'G WR
SUHVHUYHG PD\ EH WUDQVIHUUNGXWR VORH OR QJ TWH Y B ODHQR/K LW |
7KH WUHDWPHQWY LQ WKLV SKIH2I -8B PREG EHHAR ® ¥ AK MY IR Q @ WMHRU RIWEK
IRUPDWY IRU H[DPSOH &&6'6 VWDQGDUG IRU PRGHOLQJ

WR DQG YDOLGDWHG E\ DQ $U
|Q WKLV VFKHPD WKH 3%$,6 )RUPBROX FHRAQ L W L RQV B/KD VEHZW B RBYUH |
SODFH GXULQJ WKH SUHSDUD HWQQRW\XN:KH SUZEII-V(BIIEJR(FDI—WLRQ PR
RI WKH REMHFWV WR EH WUDQ
WKH 7UDQVIHU DQG 9DOLGDWL
GDWD SUHVHUYDWLRQ 7KH OD

HYHQ LI WKH XVHU FRPPXQLW)\ Eei=RNEIleIaEINe W= iTlo SIS LGN S
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CLOUBND GRID METHODOLOGIES FOR
MANAGEMENT ANRESERVATION

Christophe Cérin, Mustapha LebbahAAzagne

As data sets are being generated at exponential rate all over the world whatever the disciplinary eld (s
engineering, commercidd)g Data has becom8ig issue for everybody. While IT organizations are capturing mc
and more data than ever, they have to rethink about and gure out what to keep for a long time and what to permn
archive. Moreover, the meaning to give to data can be obtained through novel and evolving algorithms,

techniques, and innovative and effective use of hardware and software platforms. In this contribution we inve
the coupling between Grid and Cloud architectures as well as the impact of machine learning on progre
languages for harnessing the data, discovering hidden patterns, and using newly acquired knowledge that h
preserved. We do not consider only the archive stage but examine the life cycle of data as a whole; one of
effort is to decide what we need to preserve.

The landscape APRQJ WKH VXFFHVV VWRULHV |
VSHFLAFDOO\ PHQWLRQ WKH *ORE
EYHQ LI ZH UHVWULFW RXU FRQWE WZQNARB HGKID KRIO & RN L VAR EXNW/LBA
GDWD ZH AUVW QHHG WR FRQVRRGINLW KK DEXVEQE MP HRWRIFWM VR
DQG WR DFFHSW WKDW ZH DOO WKBUH D FRPWV RQ YLH WK YHW WS HAR
SXWWLQJ WKH GDWD FORVH WRQMKI PRR SEXW D& GR @ V § HER RIGN 1 L*C
DQDO\WH WKH GDWD 7KLUG S$DUFKKIMYHF WKW 2H 6W K L2G N QVRU [EG
LPSRUDQW 2¥6, :HE G6HUYLFHV 5HVRXUFH )
-RE 6XEPLVVLRQ 'HVFULSWLRQ
TKH ODVW  \HDUV KDYH WDXJKWWWLBEXUDMG BHIFRXWUH FR 10 VG B J H
TEXVLQHVV SURFHVV: GDWD DUH O\BI$D Y HB E GBH LUYRLAF H @ IDJ@IV IWHUP YR/
FOXVWHUV WR LQIUDVWUXFW X% BVH ERW VMN-DIVLBRDD L G L B S ORHU GHEL
FDOLEUDWHG DQDO\JHG YLVXDGRI$HG :H E) BRIR) YOLG HDW FHV FUHLFSMMXLUF
SRLQW RI YLHZ ZH KDYH EXLOWLGUGIENX DIQ/E\ VOKHD YRW KR QY X U H
EHFDPH D VXFFHVV VWRU\ ZH DUH WKLQNLQJ DERXW WKH (*((
SURMHFW IRU LQVWDQFH VHHAODWSEKHMHZVNUSHEHD RY D ZARQF
(XURSHDQB*ULGB,QIUDVWUXFWXDNH GLVWULEXWHG SDUDOOHO
LPSOHPHQWDWLRQV DUH VWLOO
|Q WKLV FRQWULEXWLRQ ZH D @IDJ\RH LMKH \D UL RHU A\ © @ W IRQ FGID WEH I
ZH XQGHUVWDQG LW QRZDGD\VDIQWE (P\DRLIMIGHPHAQ & X WV KZHL W 10 RAEKN
QRYHO DUFKLWHFWXUHV DQG SWRKHUDD PEIPA QHG R W@ FFRA\G W:RI
GR QRW VSHFLDOL]H RXU FRPPHBMRQ R Q UW MW PWEFKH Y H$ 60 UDD ® I*
WKH fEXVLQHVV SURFHVV. EXW ZH FRQVLGHU WKH OLIH F\FOH D\
ZKROH WKH SUHVHUYDWLRQ RI$GIHZDFR B[R QRLPLMBHFW. ® ID W K
SUREOHP
AV QRWLFHG SUHYLRXVO\ VHYHUD
BH\RQG WKH DUFKLWHFWXUH Z3HHWKGHFRPRSW B UWWRFPBQW LN VW\Q
VKDOO DOVR QRWLFH WKDW |REIDGIKAD H RUH VKION H W/IZE WSFKTHAG! RW
WKH GHVLJQ RI SURJUDPV VRWMWHWYOH WRRIDUFELQUKH EWRLWKHLF
GHVLJQ RI PLGGOHZDUH :H U HFRRRX GHWWH L\D D R\Y RAMIO® B\GRSW
ZLNLSHGLD WKDW ©O0LGGOHZDBH WKH FRESWHLWRRVZWKH MQADA
SURYLGHV VHUYLFHV WR VRIWZDWRIFESSBYFDWLRQV EH\RQG WKR
DYDLODEOH IURP WKH RSHUDWLQJ VIVWHP ,W FDQ EH GHVFULEH
DV VRIWZDUH JOXH? |Q RUGHU WR SURFHVV ODUJH GD!
SURFHVV DQG WUDQVIHU ODUJH G
UHSRVLWRULHV 7KH XVHUV JHW
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WKHLU GDWD )RU LQVWDQFH W®VRRYMOG FW Q A WRUPHL BV GV WWRHUW
H[SHULPHQWDO SODWIRUP FOX/UWWMKBHOWFRPSXWDWLRQDO JULC
WKH XVHU PXVW LQVWDOO FOLHQW VRIWZDUH WRROV DQG SODF
E\ KDQG XVLQJ VLPSOH VFULSWV ARKRXIKY WE&BWIRPPROQGHP H
OLQH LQWHUIDFH 7R DFFRPSOQWK GVB LWH WLDOAN QWVKWIH XY H BH P K
QHFHVVDULO\ KDYH D NQRZOHGJH DERXW GDWD PDQDJHPHQW
WHFKQRORJLHV DQG WUDQVIHUW SURRRFRONVQRXBDK @M VES TKNUE
)73 650 WRROV *OREXV *ULG)7%HRIQCRRGUHIMWEWEDWLRQ FRQ/
'LWK WKH DERYH UHTXLUHPHQWV
TKLV LV RXU AUVW REVHUYDWLRQV\Z¥H K HEPR/GIE REN WK HWDI\R DR® 2
WKDW &ORXG LV PRUH WKDQ D EX]] ZRUG LQ SDUWLFXODU LI Zt
FRQVLGHU WKH IROORZLQJ PDWWHBEWRURRXFHW SR MWBVUWXPWHH E
AUVW WKDW WKH TXHULHV DERXWVOFK & FIORG S B UD U W SH FOLLDADW [H-
EHFDXVH WKH &0RXG LV DOZD\W RBDBDPN|®\E |DRIPFK3KVSRDQMGRR Q
YLHZV ZKLFK LV D ELDV QRW IPDNLQOG AMDDOIDRKW FFHR@W DX & UV
WKDW &OXVWHUV DUH IDU VXS HUWRLIPRX W/IRQ & O RXQEV. U RBEPIHORO H B\k
IRU DQDO\]LQJ WKH DUFKLWHFWX®B QW LFNUDR GPRKIDAHD K WO B H WM
FRQFOXVLRQ 6HFRQG ZH WK LICPNS @VHKPRQ &3 &WHDF WE HT K 6 R X\GS HLF
WKH UHDO FRQFHUQ %XW LQ VDKLG/ FDW HPZHDKILRH) VRR W KSHOVOH. QW
PHWULF XVHG WR FRPSDUH WKH SRVVLEOH RSWLRQV RU EHWWH
H[SODLQ WKH XWLOLW\ WKDW Z#H FD®RLWGHZW RK WOWSXG¥ZZ ELWGH
IUDPHZRUN LV D SURJUDPPDE
WH ZRXOG OLNH WR HPSKDVL]H PKOHLDH AMPKHDQW WKQHG ELLIV MKLDLES MVQ R
ZLWK &ORXGV LV WR SXW WKH*XVG WD QE SORXE®LEGBGWHPRI RXW'
FRQFHUQV DQG WR DXWRPDWHFDmV PKFHKDDNOS R QW HEIUD WWIGH L
WDVNV RI WKH TEXVLQHVV SURFMWWHRY 7RWRKHIP YHE Z%W,KI&V +U G
HVVHQFH RI &0RXGYV S8QLFRUH HWF 2XU DSSURDFK
E\ SURYLGLQJ LQ VLQJOH SDEND]J
WH QRZ GLVFXVV RXU H[SHULHQEHNY ZILWK RAUKLWQYWL. VR A G K DJR LADHEY
,Q RWKHU ZRUGV ZH VXJJHVW WR JLYH PRUH FRQWURO WR WK}
XVHU PRWLYDWHG E\ WKH IDFWs WK BWDISK 6U HR®®\SQ HAZZVV W B SFRRV
KLV H[SHULPHQW ZLWKRXW EH&QRXGLSWMNVEE®VED B RN IWKHMD E (
DGPLQLVWUDWRU WKDW LPSRVHWKKL26YLYGRNKH VRIWZDUH VWDF
RI YLUWXDOL]DWLRQ WHFKQLTXH
SLQFH EDVLF XVHUV ODFN WKH IW® D WP SIQRSOH , F RLE O HWRZAR U8 & C
NQRZOHGJH WKH\ VSHQG WRRURMXRKWIHP AIDWRJBREZQWR®HEHQG

Figurel. Our approach ovefviewser utilizes web interface to (e
interact with SlapOS master; (b) deploy data transfer tools (Stork
data from remote grid storage to SlapOS (c) Share data inside
cloud and (d) perform simulations (or a specic processing) o
already published.
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YLUWXDO PDFKLQH :H GR SUHIHUGWRHFIRRQEW LIR@® W K$ FESIKQFWL ¢
VIVWHP UDWKHU EXLOGLQJ PRWHODS G KRWH DVRGWZ BHEG X6 B\ S KD\
60DS26 UHXVHV LQ SDUW VRPHMVKRIQFHSW & HRA Q H @ NOD S SSULLPG. W L
RSWLRQDOO\ PDFKLQHV DW KRRBWR\ KRVW NE XN L BBV ID\Q GQG H I\
D PDVWHU FRQWDLQV D FDW D @RYIGRW KWHQY WIRAHVHBQB\ SWED MV KW
WKHP LQ D GLUHFWRU\ RQ D VO DD XQHR\G HR U KHD 6 ® D\N62\6 YXLWILRD R
D &0ORXG LV D DQ (53 (QWHUSUGM A GHY BXIGKH 3 QO LWYLYH DV L
PRGHO RI GHSOR\PHQW F QRG Y WKRDK& VWVDRIGDDXOQWKHJ Y D DKW
DPRQJ WKHP D FRPSXWH VHUYL¥HXVHBHWERH S8 W\R U P7 IOV WNJD |
RUWKRJRQDO YLVLRQ RI &ORXGRKRWPSSWW LQJIJWRHDQU®JIRWKBMA Z¥D
DQFKRU LW LQ WKH AHOG RI 6HBUYRFHV \WDGVK® & DUKIDAO HIB G X UL G

TKXV RXU GDWD PDQDJHPHQWHUDGR\REP KWWBGH ZZI KW&RRS FR
IROORZLQJ FRPSRQHQWYV VHH APXSOH PHIRWDDVQ FDQ AKIL WVHKFHW X3J [3(

RYHUYLHZ HPHUJHG DV D SRSXODU SODWII
XVHU FDQ SHUIRUP SDUDOOHO F
| 6WRUN GDWD VFKHGXOHU OBPDMREM WRWDCRRHAPHKQOYH WKH

RYHU ZLGH DUHD QHWZRUNV XML\ SIRGW B D P HLG) DWK H L& DS\DDU WL |
VWRUDJH VIVWHPV DQG GLIIHUHQ@WKDWRI RAFRODRI OLPLWDWLRQV
- %LWGHZ PDNH GDWD DFFHWIE®WMHQY®G WLKRDQ RG SDBBPOOHO
RWKHU UHVRXUFHV LQFOXGLQJ FRP® K HID &/IDVRMWRN DQG RAUH WWK

m 60DS26 ZLWK RQO\ D RQH ROHFHMDIVHRGGIW W RL @\K\W D\QDWPLHD & BIW
FRQAJXUH GDWD PDQDJHUV 6 WKW WKW GHZ 5HDEG H5 BS DRLW LY
WKHP RYHU WKH ,QWHUQHW LQFXUULQJ D VLIQLAFDQW SHUIR

OXU V\VWHP DOORZV IRU GIEJWMEQWEGR JALDPP LL@QWSMWDLEHJ
DSSOLFDWLRQV WR GHDO ZLW IS UHFROYMOLQR GORKDDM BB SBMW X
UHPRWH VWRUDJH VHUYHU DQGWWHKDDES&J 0GD WD ZH VE K HIQ G\DKLHJ
QXPEHU RI QRGHV LQVLGH &ORXIGHV® B D N &K D b QZIQN KD GVIKRH
OHDVW HIIRUW 2XU GHVLJQ DGR SXPTOHFNDQWB® LRQ &D WX HD\DH
WZR VHUYLFHV PDNH WKH XVBAOM WRWHPT XHMW K DR)IGH WU @ VGADDAD
DXWRPDWLFDOO\ DELOLW\ WR H[HFXWH FRPSXWDW
DQ\ GDWD PRYHPHQW DQG VKD U k& Z MWRIRJO WWIKLHN H [AW R/L I D G B WDLON
ZLWKRXW DQ\ LOWHUYHQWLRQ RUB WWRRVARZD GHAYEDVIMQ® WRO V X
OHDUQLQJ DOJRULWKPV

Impact of architectures on data miNnMY DGGUHVV WKH FKDOOHQJH °
. . SRUWDEOH LQIUDVWUXFWXUH WK

and machine learning WR HQDEOH WKH UDSLG LPSOHP}!
OHDUQLQJ DOJRULWKPV SHFHQV

DDWD PLQLQJ SUREOHPV KDYH BRXW HPWREXH DYELALOFEOH. FEQ \6 DM@GEL L
DUH EHFRPLQJ PRUH FKDOOHQXMUJB VF WKWV W] HULY®&H SO0
LQFUHDVHYV IHYHUWKHOHVYV J&REES RIWVQIOQP@I DHEBER U DW K R VWWDHJAHN X!
HIWUHPHO\ YDOXDEOH EHFDXVHGH UFDWH G QUG WRORKIOHY WXIEZK) IDW
WKHP IRU PDNLQJ WKHP DV SDWROPUHIDDWMHI RMZIRV RBY X VRQAU PMHK |
ODS5HGXFH SDUDGLJP IRU LQVWDIIQQEFMWR H[SORUH ODS5HGXFH IRU

|Q VLWXDWLRQV ZKHUH WKH DHRX&WUR F BE\DHN DZ HV XSAHR HOLGER WK M &
ODUJH WKH ODSS5HGXFH 05 SWRSOBPMOIDSLRIMGLIBPING 6SDL
XVHG WR RYHUFRPH WKLV SURERWP 7XKIMFK QW BEBDGSWHBDWR FD
LQFUHDVLQJ QXPEHU RI SURJUDRPGH UWXKBBRH WY J D36 GF VW LVRIQN
ODS5HGXFH SURJUDPPLQJ PRGHBURMUGOR BVRBUOBBL\QRIDODELOL)
PRGHO ZDV GHVLJQHG WR VLPSWRI\OWEKFHSXRHAHVVKEJ PRILQ DX
AOHV RQ D SDUDOOHO V\VWHP WKQURPLIK YMHU ,G2H ARWW 0W B NLQG
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H[LVWLQJ GDWD SDUWLWLRQ HJ RQ GLVNV DQG E KRZ WF
PLQLPL]H WKH QHWZRUNLQJ FRVW DPRQJ SURFHVVLQJ QRGHYV

Conclusion

lQ VRPH ZzD\ ZH EHOLHYH WKDW ZH HQWHU WR D SRVW HUD ZKHU
FRUHV &38 1RGHV DUH XQOLPLWHG LQ QXPEHU DV ZHOO DV

VWRUDJH ‘H QHHG WR SD\ DWWHQWLRQ ZKHUH WKH GDWD DU
VWRUHG ZH KRSH WKDW ELJ FRPSDQLHV ZLOO QRW FDSWXUH
DOO WKH PDUNHWYV UHODWHG WR GDWD :H DOVR QHHG WR £
DWWHQWLRQ WR WKH XVHU DQG PDNH VXUH WKDW KH ZLOO EH
WR LPDJLQH DQG GHSOR\ H[SHULPHQWDO VFHQDULRYVY RQ ODUJ
VFDOH GLVWULEXWHG LQIUDVWUXFWXUHY LQ D VLPSOH DQG QI
PDQQHU W LV D QHFHVVDU\ FRQGLWLRQ IRU WKH DGRSWLRQ F
WKH QHZ SDUDGLJPV ERWK DUFKLWHFWXUDO DQG SURJUDPPLQ
SDUDGLJPV E\ ODUJH FRPPXQLWLHV RI XVHUV LQ SDUWLFXOD

WKRVH WKDW RQH GD\ GHFLGH WR SUHVHUYH RQH SDUW RI GD
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SCIENTIFIC DATA PRESERVVAIPYRIGHT
AND OPEN SCIENCE

Philippe Mouron

The purpose of this paper is to sum up the terms of a discussion about the legal aspects of scienti c data prese
This discussion was presented at the Marseille workshop organized on November 14th. This paper is only a
forthcoming works about the main project of preserving scienti ¢ data (PREDONX). The paper is focused on in
property rights, such as copyright or patent, and their effect on the use of scienti ¢ data. Open Science appea
the best way to ensure the preservation, but also the publication, of scienti ¢ data.

TKH XVH RI LQIRUPDWLRQ WHFPKRROWRIWH VY VIQDW WKIQUAFD GSXED L
LPSURYHG WKH SUHVHUYDWLRIQHRHDVYF KM QK INAGR ZG DK DW MKKIH V
GHYHORSPHQW DQG QHWZRUNLQX QG LGILY L WDIOQV WRWRXH K/ SDHH WK
HQVXUH WKH LQWHJULW\ Rl WKBNWHODWROH DW ZMWO & HHP W KO-RLIL FO
WR WKH UHVHDUFKHUV LQWHUHKD/¥E WR VE KD RIGLY X\CRV W IRH I R P PXF
UHVHDUFK +RZHYHU WKH ZLOQXRQGHWDHVHUY L QJWFXWRWHXF GG DV
RQ D ORQJ WHUP LV QRW VR QHX QTGP ARWN OO F ISDYL\QUFEB D WH L
KDV LQ IDFW DOZD\V H[LVWHG BXRW VR Q@& W 5BUR MIVGHIRE OWM KIRR\U R 2 @/
SDSHU VDPSOHV +RZHYHU2 | WARHX BNV LWBE  \JIH]IHH URH QW K HW R
DUFKLYHV LV QRW LQAQLWHO\ LH$WQWRWQRQ 7KLY L@IFRIND \FHR X\DK
MHRSDUGL]H WKHLU SUHVHUYDX?WDRQEHES KDM@ N PIRA DICP & Q LBINJ BV
QHFHVVLW\ WR VHOHFW GDWD ZDKQREW KHIH IDRQL@D PWMR) \E Bl OS (BRI E Y
7KRVH ZKLFK UHPDLQ DUH PRV WKLE RWW HGREPH RARH H V WHGIWDLDFGH W
WR WKHVH GDWD LV OLPLWHG LRUWURDDWUG\WRR WK \FIDW K UW O FSIHE
DQG WKH FRVW RI WKHLU SXEOLW URXG®V HV IR G R QQUW & WYR RRY]
KDYH WKHUHIRUH EHHQ UHPHGUM® HVDKHKH UG/L V6XGEKDIQWIBGRP ZRX
DOVR PRYHG WKH KHDUW RI WKW ISH BEQM D VRK) RDRAUKHIL S UR X W & |
7KXV LW LV OHVV D TXHVWLRRXRIKBUHWHKEWY K@Y WRQQ\ IL SURP
DFFHVV WR GDWD WKDW DULVHWH&RQVHUYDWLRQ LV AQDOL]HG E
SXUSRVHV RI UHVHDUFK LQYROYLQJ SRROLQJ RI ZRUNV DQG
VKDULQJ WKHLU UHVXOWV TKH JRDO RI GLJLWDO SUHVHUYD

WKHUHIRUH EH UHFRQFLOHG ZLW|
HRZHYHU WKLV SRLQW OHDGV ,% RNRH JDWDV WRR/U W H 7 B WZILR@V H R
ODZ\HUV f3UHVHUYDWLRQ- PHWDIQD/O @UEHVARYBMWILEARG 7KHQE KWW
JXDUDQWHH IRU HQVXULQJ WK HSLLGRS HUW W) LRIK IV U i K R OOF B HL P [EQ
RQ SURSHUW\ $IIHFWLQJ D SURSHWYWU YDWK\RQVRI W BIQH Q R/ A FD QI
LQWDQJLEOH WKLQJV WHQGYV WR RSWLPL]JH WKHLU FRQVHUYDWLR
HVSHFLDOO\ WKHLU H[SORLWDWLRQ 7KHVH UHVXQWYV VHHP HDVL
REWDLQ ZLWK D SULYDWH RzQHypalogyr rof Hecienty & rdatanp aindew
HQKDQFHPHQW Rl WDQJLEOH JRRGV ZDV SODFHG LQWR WKH IROC
RI WKLV PRGHO IRU UHDVRQV Rntelleectiuabpropenty vights UHDVRQV
KDYH SXVKHG WR DIIHFW WKH UHVXOWV Rl WKH VFLHQWLAF ZRUN
LQWHOOHFWXDO SURSHUW\ ULJKWV 7KDW-V ZK\ FRS\ULJKW ODZ |
SDWHQW ODZ DUH VXFK PRELOTKHI H Q@ WK N HYH® @R IWUSHNAH RU RKF
7KLV ZDV WKH VXEMHFW RI D YHW\ WK R HDW /AW IRQ YU N QARAL ZK LG
SXUSRVH LV WR PDNH HDVLHU WG&LH I XWH @W VAKIHHFRY 8 URRG MUKW\ XMH K
IURP D SXUHO\ HFRQRPLF SHUVSHFWLYH
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TKH AUVW VHW LV FRPSRVHG RLGQHQ/KPHQMAR QUK B\ UG\R /R VIHD G
XQGHU DQ\ LOQWHOOHFWXDO S URMUHDOHFW WD §59UZR S 1B UMD\ DV DP
FROQFHUQHG LQ WKDW AUVW W\DI RISEDWIF GWVSD®\EBUGHYFG HE
DV WKH UHVXOWV RI WKH VFLHQWLAF UHVHDUFK UHJDUGOHVYV
DQ\ WUHDWPHQW ,Q RWKHU ZRIUKGY VIVKH \F R Q ARG RIUR & R @ LIPSOV
REMHFWLYH GDWD UHVXOWLQJ RURFD RBVEHH KDWHRFQ VRH G DWKOM
QRW IURP D FUHDWLRQ RI WKH [P ISQGVH@W D-H O A SLAH H\OMD\R RV \§ DR
DQG PDWKHPDWLFDO GDWD VKO @REHKWRREPLGR UM G BNKOXFR O, \8
WKH VDPH ZLWK JHRJUDSK\ R UDDYMWWHRGW\V L PNVK HE\HB D K VA-D S\OKED |
IRUP DQG WKH UHOLHI RI FRQWLSEHIIW U WLERD WKH OD\RRKW R Q XW
VWDUV DUH GLFWDWHG E\ QDWBHNHOMRSHE EAWXAHDLE HPHP H Q WW L
EH DGGHG WR WKHVHV GDWD DWW VXEMHEIWE RIRQHWABU F KS EXWH D
DUH OHJDOO\ FRQVLGHUHG DV WK M FRRRAHRIX QIVF DWW GR QRRY ¥ B A B WL
6FLHQWLAF WKHRULHV DOJRUILLQKPQVDIORD RAMKIIPY BB WXIHPHGV ER
IRUPXODV DUH LQFOXGHG LQ WKKDW UMXYG PDYREH DRPLYHG X
ODQJXDJHV DUH DOVR FODVVLAMHG WIQHWKRLYG AW HQ RAR P 15 OFD WHK
VFLHQWLAF GDWD DUH LQVXVFHESWLERHN ME H[AMX FRKD ® 2 KIWH
IRU WKH PDLQ UHDVRQ WKDW KIDQN ME@WWREHHQ VHW RXW WKH\
QRW FUHDWLRQV RI WKH PLQG ORUHRYHU WKH LQWHUHVWV R
VELHQWLAF UHVHDUFK MXVW LATHR/H WH DFVR QWKIE\H U B VDL IRQD \F RIPHSTOXH.
IUHH (YHU\RQH FDQ DFFHVV W RH V\M KGID WDWBIQ® KR XIDRD IRWRSHE
ZRUNV 7KHUHIRUH WKH SUHVHAFLBWIWR®A FRG DWVKH 8 HOMHW D DL B
RSHQ FLUFXLW RU RSHQ VSDFH LV SHUIHFWO\ IUHH DV ORQJ
WKH\ UHPDLQ LQ WKHLU RULJLQDO IRUP 7KH\ DUH VRPH NLQG
RI FRPPRQ JRRGV zLWKRxw bpManagemenk of intedectual propert
WKHVHYV GDWD DUH QHYHU FRPSOHWHO\ IUHH :KHQHYHU D KXPD:
WUHDWPHQW FDQ EH IRXQG LQrigRisiand seientv ¢cidaia presaervation
WKH VHFRQG FDWHJRU\ Rl GDWD 7KHVH LQFOXGH DOO FUHDWL
RI WKH PLQG ,Q VFLHQWLAF PDMIWWDQ DMKFKLFDQJE B URIV WQW V
NLQGYV LOQWHUHVW IRU UHVHDUFK ,W ZR
WKH DEVHQFH RI DFFHVV WR WK
OQ RQH KDQG WKHUH DUH LQW HEGOFRFRQ\EXLDQ MR H G \Z MWK IO W/ HOHU Y LV
WR D FRS\ULJKW RQ WKH RWKHAH KMDYG BOVWWH @WQBQR QY HQWL
7KH AUVW DUH ZRUNV RI PLQG WKH\ ZHUH WUDGLWLRQDOO\
FODVVLAHG LQWR WKH OLWHUDAE DQGWRBRW LIVWWGIFVBAHQGVEQRZWE
WHFKQLFDO FUHDWLRQV FDQ D®V RUE HKMO/D K R DAGHHG V. Q EWX VD WHFY DIV
VXFK DV VRIWZDUH DQG GRFXPHRQ®W \E HJ ERXLK IS\ VRF D/OK B QG YO\HH
%H\RQG WKDW DOO WKH VFLHQWRRA RVERUDXWKRH \F RRQ F\M K B H® Q°
fVFLHQWLAF ZRUN:- ZH PHDQ HYHQVWR WX WQR QX GRLQ F RPSHQ\LRIY DI
WUHDWPHQW RI WKH AUVW NLQBEHRIQGDMWD O8R RO F BQWH D F IVXW C
UHSRUW UHFRUG WKHVLV ERRNMWDLNSBQFDRYERULARYGERBDWLE
SHUVRQDO FKRLFHV RI D UHVHEUBRHEH RQIVILOUHEBVIRU KLNVPRB DG
SHUVRQDOLW\ ZLOO EH FRQVLGHUWHHG BDYFE ZBRWN R DPL QL HQWIL
WKH VDPH ZLWK GDWDEDVHV ZRRYWLB WHG WRIF \WRXID W E Q| B DW R(
WKH UHVXOW RI D FUHDWLYH ZRUNW7GDBIW RK\DD G RFWRH\DHD ARK
DUH FRS\ULJKWDEOH $V VXFK RW LW VL BDXRUKRDQ WH WRL WEIG W K W W\
WKH SXUSRVH RI FRS\ULJKW ODZKR KWHX UDNZL@DWAD GRG WWIR. @R 8 PLH,
WKHVH GRFXPHQWYVY DUH QRW WHKHEPHZRMHNFWWR ZIFRG\W LEKQN LIGM
RQO\ WKH IRUPDWWLQJ RI WKHVH GDWD WKH SHUVRQDO WUHDW
HPERGLHG LQ D GRFXPHQW ,I AV WBRK WIRPH[DRSBHQPIHQ WV
GRFWRUDO WKHVLV WKH WKHR WVRHPWHWMPBIW LIVQAEXUDJ E IRPROE
DUH HPSOR\HG ZLOO UHPDLQ |UMKH\ERD/QWRMW VOHID OWK HF B PBKO
WKH ZRUN DQG DOO RI LWV DUUBDRDHE HOKH R Q@D RROGINWWW W XDNFHF
ZRUN RI PLQG FUHDWHG E\ WKH KFFDUH3 RGBWUIH \$SHERV ZQ O © QWHHHO
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D FDVH E\ FDVH DSSURYDO RI WEMHHAWKWY KRYGHBV SRMALBEH
UDZ GDWD VKRXOG EH DEOH WRWHKH GH VEIQRW\G EXD\S $ 0N\ ILY JGAR AV
WR VHSDUDWH WKHP IURP WK®BFFHYNDWRRKR QR WR WIQH ZBELHAK UH
WKH\ DUH LQFOXGHG DQG WUHMWWHGLQWHIRINVWG HHWKKN YDRH JL
WKHVH GDWD ZHUH SUHVHQWHGNEZ@ DN LEGQEBWVDREID @B WEH E B XNWH SLUNHW
DUFKLWHFWXUH PD\ EH WKH V>XBENMMWHNU LRIV VHKODW HEH UR XIQWE KER:
Rl DOO ZH VKDOO QRW IRUJHWRUKNDW )RXFHK [ DR $/XH UZH DRRIXFOEV F
QRW EH FRPELQHG ZLWK VRPH RERWRRLEXEIDWESLIRRAH R AMKKM LIV S X |
SDUWLFXODUO\ WKH FDVH LQ UHGDWS0W RHW KROPRS&SHIQ @ W P IS5 RYUHWD ¢
SURPRWLQJ VFLHQWLAF UHVHD BKK O%FDSWRMR VZWKHIUVZHP BHE® V
"FRPPHUFLDOL]DWLRQU LPSO\LRPSDR LWMFIRW RPQ FI RYSD RAKA. DW L R\VGF
RI VFLHQWLAF UHVXOWYV 7KLV REWNM W EWUN \K DR/UWPDMF L 8 [FDIO0D UK
WKH VXEMHFW RI D OHJDO DFW 1LFLYFDONH RODZIXEOLFDWLRIQ DUR
-X0\ W LV H[FOXVLYH RI RSHQVDRRBNVFDW E HVKYWWITEDD WK K 5\
LV FRQWDLQHG LQ WKHVH VFLHQYWHARWPRQMVRU SUHFLVLRQ 7K}
+RZHYHU RSHQ DFFHVV KDV DIONRNEHHRR WKH[NWAEWIHFW LRI ZR .
GLITHUHQW $FWV IRU SXEOLF GDWPR LQF OKGHU®BIO I B QB QW IQHK® K |
GDWD LQ SDUWLFXODU )RU H[DPPSROWHG LW K HV BR6 WRH HKWEIPXIQOH V
ODXQFKHG WKH 2SHQ *RYHUQPHR@G XFWWHLO WL PHOLELWHGLQXPE
RUGHU WR JLYH PRUH WUDQVSWR HNHHSWRPSX EQQKE BIINMHEFWHWY)
JUDQFH WKH VDPH IUDPH LV DSGDWHGFWROSX EG LFXEDWDO \ZU WE H
ZHEVLWH GDWD JRXY IU %XW LW KDV DOVR EHHQ DSSOLHG IRL
ORQJ WLPH WR VFLHQWLAF GDMIIDD:EQUH IWK LW RPWRB JRHPH® B R GV
Rl PDQDJHPHQW RI LQWHOOHFWXD/A B3 URKHUWW A RULL ZWKARVU H R M RRODM
WRRO RI WKLV PRGHO OLHV LG UWRKSH WWR\FDIOBEMY ES KQ | CHUFHH@QW
ZKLFK WKH PRVW VXFFHVVIXORQMHZEUHD\GRHY QEWPPRDYO\ AW
OLFHQVHV 7KLV LV DOO WKH PREKHQPWRYWNGWR W& DMH QK \RHS 1P ¢
KDYH VRPHWLPHYVY EHHQ FUHDWHRG &DWHYV HDDN FOKHDUAMNY TKDHZ LGDNWAHDU +
Rl WKHVH OLFHQVHV LV WR HQXYRXGGFEQVHRS DM IRY DEIOW KRIUG !
LQ DQ RSHQ FLUFXLW DOORZLGRDIFFHWYXIWUVHEIZAG H K IDFHD RH
SHRSOH LQFOXGLQJ UHVHDUFKHQVXORUWRMHIUUHWHD YDWZR QJ HRX'
GDWD IRU QHZ ZRUNV ZKLFK WKPRQRPBPRIDYDLODEOH XQGHU
WKH VDPH UXOHV '"LIITHUHQW PRYHPHQWY EDVHG RQ WKHVH
OLFHQVHVY KDYH EHHQ DLPHG PYWHWHKIHHEBGBHDWLRQ RI RSHQ DUFKL
IRU VFLHQWLAF UHVHDUFK 2SHO V2ARH®FALKHQ BDHIRWD @ W RPHRWGL
RQ DQ LQWHUQDWLRQDO OHYHO&IHWAKUMD RPRX W \D NIk L H QHF PIN QRW\
7KH SURMHFWY GHYHORSHG QGH W LWRYN 68ALWHQFH &RPPRQV
JRXQGDWLRQ DUH JRRG H[DPSQ®RV /FKh{5PRGHO $B UMB6WOL\ADWWL
ZLWK WKH SUDFWLFHV RI UHV K\H 168 R DWRIHIQEZRIV NR/X PYD LW
EHVW ZD\ WR HQVXUH WKHLU JGHIVXWMRW IGRQY/ XRISYHQJN VW DH Q W\
GDWD LV IUHH XQGHU WKHVHV[LFHQYHYV &AW PDW HR QWDIVR MWW
GLVVHPLQDWLRQ DPRQJ WKH BXPQWLARHAVR RPX QIHWKHVY FBY HI9
KDYH VHHQ EHIRUH WKH XVH HI WMMNVNBIOAHYLEOHSBRGHOV LV QRzZ
LQFUHDVLQJO\ UHFRPPHQGHG E\ JRYHUQPHQW LQVWLWXWLRQV
JUDQFH 6HFWLRQ / Rl WK
WKH REMHFWLYHV RI SXEOLF U et
DQG GLVSOD\ RI LWV RZQ UHVX
DFFHVV IRUPDWYVpu Philippe Mouron - philippe.mouron@univ-amu.fr
Aix-Marseille University

RI PDQDJHPHQW LV WKHUHIRU dAIXMarseIIIe WwL®
IRU WKH ORQJ WHUP SUHVHUYDW H\R
WKH RIAFLDO H[FHSWLRQV WR SURSHUW\ ULJKWV +RZHYHU LW
LPSRUWDQW WR FRQFLOLDWH RSHQ DFFHVV ZLWK WKH SURPRW|
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STORAGQECHNOLOGY FOR DATA
PRESERVATION

Jean-Yves Nief

Preservation of scienti ¢ data aims at storing data for many years or even decades. This is a challenge as
and software technologies are changing at a high rate with respect to the time scale involved in data pres
Moreover, scienti ¢ data can be preserved in a distributed and heterogeneous environment involving sev
centers. Storage and data policy virtualizations are strongly needed in such an environment, in order tc
this endeavor. We will show that iRODS middleware can provide a suitable solution to the data storage ¢
virtualization.

Storage challenges for data
_ MRUHRYHU GDWD FDQ EH VWRUH
preservation EH ADW AOHV GDWDEDVHV GDWI
RU KRPHPDGH AOH IRUPDWV 7KH
CRPSXWLQJ FHQWHUV GHGLFDWHG WRPMWLHAWLAEV B S KMBIF W \
XVXDOO\ SURYLGHV VWRUDJH VRHWADRWHW UDLQWK RQ PID WELLR/QV U ¥ E B
HQYLURQPHQW 7KH H[SHULPHGWRPH VYW 6W RZHBHV G/DWHP VD UE®
SURGXFHG E\ GHWHFWRUV W H OLHQWF R SHAF RPAGW R UHDSH 0 FHAMVY B
ZHOO DV WKH FROODERUDWR UV ROUXEH BRW B XSMIRFH HG MORL WYIKHHV ULHQS
LQ WKH GDWD SURFHVVLQJ FDQ EH VSUHDG DURXQG WKH ZRUOC
AGGLWLRQDOO\ LQ RUGHU WR L
DDWD PDQDJHPHQW LQ VXFK DQLAQWLBRQBB@\W MK RXFKD &6 HOH S
IRU GDWD FHQWHUV DV WKH\ P/DVRKDIH W\ VBRIRW IDG/HZ M@ & DDV H
VHUYLFHV ZLWKLQ D PXOWLGLVFLSOLQDU\ FRQWH[W (DFK
VFLHQWLAF AHOG PD\ KDYH LWV RZQ VHW RI UHTXLUHPHQWYV DQ
QHHGV IRU GDWD SUHVHUYDWURYartsusingoe oiges ael rakbcnen
DSSOLFDWLRQV ZLOO UHTXLUH WKDW PHGLFDO UHFRUGV DUH
DQRQ\PRXV 'RFXPHQWV VWRUPETUWGIZ&LOOWDO OLEUDULHV PD\
EH VXEMHFW WR FRS\ULJKW UXOHV :KHUHDV IRU RWKHU GRPDLC
VXFK DV DVWURSK\VLFV DQG RHIYWG KRQ KD GIQ MKIN BERWIHF FRQV V
VFLHQWLAF GDWD FDQ EH DYDLD FEOOHD U @Q RB B Q FOUF WMARW P RIG HY LDU
D FHUWDLQ WLPH ,Q DQ\ FDVH DXEQLTXHRQRJEFAIMD G DMWD R UNRVHK
NLQG RI PHWDGDWD ZLOO EH DANYD EXRHGEFDR WIKHZ OIKWREX A® RHU
WR NHHS XVHIXO LQIRUPDWLR@ RWDSOR¥BWYRQ GWMHD NIXFEB BV
GDWD SURYHQDQFH FKHFNVXPXVRIG QW B UMD K LINQ GF KSHIRNAWR
FUHDWLRQ WLPH RZQHUVKLS HYEKHYHPWQYWDDJIHRQ\E MWWLFR/Q V7 KIMVF
LQGHSHQGHQW RQ WKH XVHUV RU
AOVR HDFK GDWD FHQWHU UHIRAFDW KB QVRWWKHR\ZRD @ HQD YR D D
WHFKQRORJLHV IRU GDWD VWRZDWH RX@/H K\D\YMGHP WRP BR W KHMUR D |
VIVWHPV SURSULHWDU\ RU KREHUHMREQUYWWHKHJAOWNORRABR VE
HWF« 6WRUDJH PHGLD FDQ EH RKHDQMEHBWLRH @ W\RNAD J646 V\W IV §I P V
7KH VWRUHG GDWD PD\ KDYH WR EH PLJUDWHG WR QHZ VWRUDJ|
PHGLD VHYHUDO WLPHV GXULQJW MU KD YOILWRVE A HR UTXORH UHRE \Z
RSHUDWLQJ VI\VWHPV FDQ EH XXHKHUBRMWXFRQXWHM KEWY YD UXQRQT
WKH FOLHQW VLGHV +HQFH WRWJI BIERND\WWRIQ VKR XXEKGE KO G WQF
SUHVHUYDWLRQ KDV WR EH PDGMRFOG QI IEHU N8 W\L R W\M HORHIBINQ HRK®
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H J VLPSOH XVHU GDWD FXUDMWRMD BCODQHYWQ WWWSHRWD HAN.FH&/ D'O
DFFHVVHYVY ULJKWYV PDQDJHPHQWQ VWWIKMVRHRDMH&DWRIH WKH\ DUF
ZKLFK DOORZV FUHDWLQJ D ZLGI
BXW VWRUDJH YLUWXDOL]DWLREDWY BROW FHPRDPQW S RROL FHMHIWH BE
DSSOLFDWLRQV UHO\LQJ RQ GDLWDWKHUBRXENIURWQLR Z KH.G GRH ZI
WKHUH DUH QR VDIHJXDUGYV DQGZQROB-IX/DUK[H@WHHFRIPSDOH[NGDE’W
DSSOLFDWLRQ RI WKH GDWD SWHDWUXDWLRQ SROLF\ 7KHUH D
YDULRXV SLWIDOOV VXFK DV KDYLQJ VHYHUDO GDWD PDQDJHPH
DSSOLFDWLRQV RU VHYHUDO YUHbR2VEA RYVERLQWXVWHRG [EV W LAQAIG B W
VDPH WLPH HDFK RI WKHP KDYLQJYWBREEH RIZEp ¥ HVQ &R | WEKRHD L) B IHHD\
IRU GDWD UHSOLFDWLRQ GDW X\KIDQIGLHER208 KWEE& 3 WKLY FQRIHQ
ZLWK SRWHQWLDO LQFRQVLVWHRB LH\W K QQW K B\ SROVLIFLH V$ D H IR
WKH GDWD 7KH VROXWLRQ WR DVXG V¥ KPR B HHR/N ZILW KV R K H LKA O
WKH GDWD SUHVHUYDWLRQ SROLFLHV SROLFLHV DUH H[SUHVVI
WHUPV RI UXOHV DQG DUH EHLQDWB AAAHDB/ RQYW WH RPQ GFOMH ¥ B D A
VLGH KHQFH RQ WKH VHUYH V IWGHIF KIKRHORD QN HHPYAHROOAY Kb RROL FOL HPV
DUH WKHQ FHQWUDOL]HG DQG ZPSRUBWD Q%S WIRH G URY IDG ARQW RW\
ZD\ ZKDWHYHU DSSOLFDWLRQV PWIHH @ WIHTI VAV WE D @ 6F KKIHW HYH &
WKH\ DUH ORFDWHG )RU H[DP SEHS HQHW QFAH VX8 SW K H WIKIKWM LR @
ZDQWYV WR UHSOLFDWH D FHUWXIEYQ RX\SGI\ RW FKGRDOQWD ORRQIHWWWHBKHM K
ZLWK RQH FRS\ RQ WDSH WKLW QRWKH\ I XMOXQ H H 7K [FSUHH \P\L 16 & (RH):
WKH PLGGOHZDUH VLGH WKHUWIRKEGLDLWD GG DS\ SHOULFDWILRQ & QRF
QHZ GDWD WKURXJK WKH PLGGWR ZDUWRIY LIGW DRQ BN FH. VD HE IOW X W R
FKRRVH DQG RYHUULGH WKH URSGIHRDW RRHD V WANDVWZH W FXKILLFKP KF
EHHQ VHW RQ WKH VHUYHU VLGB QHEHQWQ@BOL]HG DQG YLUWXDC
GDWD PDQDJHPHQW SROLF\ WKDW QRERG\ FDQ RYHUFRPH LV D
NH\ SRLQW WR WKH VXFFHVV RISBDIGDWDFSUHVHUYDWLRQ SURMHI
_ _ KWWSV ZZZ LURGV RUJ LQGH][ St
Middleware solution

A PLGGOHZDUH VROXWLRQ IR} &se:
ORQJ WHUP SUHVHUYDWLRQ K
YLUWXDOL]DWLRQ DQG SROLF\ [ ogieier v @rivi sl Bofi ol el s o Ber Sl [ D
O9HU\ IHZ WRROV SURYLGH WKL \eEqiigeelcnesifeliNelchlINPzk: R
WKHP $PRQJ WKHVH WRROV Lyon-Villeurbanne

UHTXLUHPHQWY GHVFULEHG DE

IRODS L5XOH 2ULHQWHG 'DWD 6\VWHP LV DQ RSHQ VRXUFH
PLGGOHZDUH GHYHORSHG E\ WKH ', &( WHDP FROORFDWHG DW
8& 6DQ 'LHIJR DQG 8QLYHUVLW\ RI 1RUWK &DUROLQD DW &KDSHO
+LOO ZLWK FRQWULEXWLRQV IURP HIWHUQDO FROODERUDWRUYV
DV && ,1 3 , WV VFDODELOLW\ DQG AH[LELOLW\ DOORZV LW WR I
FXVWRPL]HG WR AW D ZLGH YDULHW\ RI XVH FDVHV DQG LV D JRF
PDWFK WR EH SDUW RI D ORQJ WHUP GDWD SUHVHUYDWLRQ V\VW

WLWK WKH KHOS RI WKH VWRUDJH YLUWXDOL]DWLRQ RQH FDQ PI
GDWD WR QHZ VWRUDJH GHYLFHV LQ D WUDQVSDUHQW ZD\ IUR|
WKH SRLQW RI YLHZ RI WKH HQG DSSOLFDWLRQV L52'6 FDQ EH
LQWHUIDFHG ZLWK D ZLGH YDULHW\ RI VWRUDJH DQG LQIRUPDWI
V\VWHPV ZKLFK FDQ EH GLVWULEXWHG SURYLGLQJ D ORW RI
I[UHHGRP LQ WKH FKRLFH RI WKH WHFKQRORJLHV RQH PLJKW ZDQ
WR XVH IRU GDWD SUHVHUYDWLRQ SURMHFWY OHWDGDWD DFF
ULJKWV DXGLWLQJ DUH DOVR LPSRUWDQW IHDWXUHV SURYLGH
L52'6 IRU GDWD SUHVHUYDWLRQ
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REQUIREMEMND SOLUTIONS FOR
ARCHIVING SCIENTIFICADATINES

Stephane Coutin

Historically an high-performance computing datacenter, the “Centre Informatique National de I'Ensei
Supérieur” (CINES) has also a mission of long term digital preservation. By coupling those two areas, i
obvious that CINES had to understand and take into account the requirements of scienti c communities f
their data life cycle, and more speci cally their archiving requirements. We will present those requireme:
describe the platforms CINES proposes for each service class.

CINES mission on long term DFFRPSDQ\LQJ WKH GRFXPHQW R’
_ IRU FRPSUHKHQVLYHQHVYV DQG O
preservation
FRU WKHVH UHDVRQV WKH )UH{
|QIRUPDWLRQ LQ D GLILWDO IRUBPXFDWRRRPQIGSEHVHRQWFKQJRXH
VRFLHW\ ZLWK KXJH YROXPHV DQ® PRQIML SOH IRYO T WLI QHF 8 QW
LWV FRPSOH[LW\ DQG YRODWLORLMQGDW WRJHPXQ B PH\YMVIVQ 8 R
DFWLYLWLHYV DQ DUFKLYH IRU \&HKIUPK SSUHMWHIUYWDMLRRED RIVUIHFRQ
7KXV WKH VWDNHV RI GLJLW DG BSIUHMHAULYDWILRQ LOWHV IKW XKV L B
WKH\ UHVLGH LQ WKH GHSOR\PAKQWKRHPW® R\ HDERXW H T KIQUH Q H
WR JXDUDQWHH WKH KHULWDJH FRQE HIUGH WRR Q@ WU R 8W KH. KK E
WHUP WR WKH ORQJ WHUP 7KBFWLWN\W DWW RFHID VE KB OW R G (8 LIV
LQIRUPDWLRQ KDYH QRZ EHHQ POBAWILYMADHG DR O HT XRW B 00D ZKK 1© Bl
DQG FDQ EH VXPPDUL]JHG LQ IRX\S RPQRMWRWIKUHQWVAF GRPDLQV 7|
= 7KH GHWHULRUDWLRQ DQG WEKHLQJL R FRPRBXDVIHQE HVGLWDY LFHV
m 7KH GLVDSSHDUDQFH Rl UHPIGHRDVUW D D) ® F Y RRWEFEROHR J\ U F
m 7KH LPSRVVLELOLW\ RI UHRGLQKLWHKIQLUWRUBDO W LRIV IWKP &, 1 (¢
AOHV FRQWDLQLQJ WKH GDWD ZKLFK LQFOXGH -DGH 6%, ,&(
m 7KH ORVW NQRZOHGJH RI WHKDINFRQW H®W HRI DRIGILWD® R1 G
REMHFWYV
TKH &,1(6 PLVVLRQ IRU GLJLWDO
PUHVHUYLQJ GLJLWDO GDWD FR QWHMXOWRIGS UB VWK ML QB B/&KR\BIRG ¥
ZKLOH JXDUDQWHHLQJ LWV LQR/S$HUDW L PQIZ0 DXRVEKH YW UPL B/ H \,
NHHSLQJ LW DFFHVVLEOH DQG XRG HUK/NV B QIKIHLD HG X K BIWLRRRE D[
RI VXFK D WDVN LV WLJKWO\ ERXQG WR WK HVZ&RH VHDUMD \I L\R 1B UN WK
'LWKLQ D IHZ \HDUV SHULRG WKHBVREYB® LRQUKD® \EHYNQ\ B DA\W
GHDO ZLWK *RRG TXDOLW)\ DQ GGHYAFIORS H7G VIVORWUHDL ® DIXD\U Z Q W HUk
DIJDLQVW DFFLGHQWDO ORVV R$UWMNKH UXRIF YWRKHIQ MO H/FHW K @ R DR JAK-
ZRQ-W KDYH FKDQJHG VR PXFK WY DRD W& HGG RE& P 13 Q /WZH. IR KID YG
EHFRPH LUUHPHGLDEO\ XQUHD GO K, } (€ D300 L WDIOH FRHPPH QY B/
RI SRWHQWLDO XVHUV RI WKH GRFWKHQGREKX®S B QRRW W DYIHN BB M ¢
VFLHQWLAFDOO\ DQG FXOWXULZEKQF K/ UMOABIY R/@ \WKKH $ B DW\ VZ NE
FUHDWHG WKH GRFXPHQW D FRXSBQ@H OO THDBYQ WBUIGLAE DGRG MW
QHHG IRU DQ H[KDXVWLYH LQIRU@WWLRIQNG HF\RFUL S RVQ R § W B WILRAW
VWURQJ :LWKLQ D ZLGHU SHU LRX RURPZHW HRIQ QR B U DRI\ W IGIHY H @ F
D IRUHJRQH FRQFOXVLRQ XQOHVV VRPHRQH KDV WKRXJKW RI
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W WKH PRPHQW WKH SUHVHU YPR\WPLPRQV WH 6 RV RVF RDE R QR GHDAOHHY H Y
SHRSOH ZLWK GLIIHUHQW SURA®@HKW INIHOR\Y MH B | HYKH V LGIMW B V 7
PDQDJHU DUFKLYLVW AOH IRUPRRPXELSHUWRRQV IRH YW R RSB Y\
VIVWHP DGPLQLVWUDWRUV :0/ VSHFHIOHUW LXB U&ZPDWHBEQREQ2 &
VSHFLDOLVWYV VHUYLFH VXSSRWWHDWE AFR G DW R ULI)AQ DWSHHG VDR |
7KH VFRSH Rl GDWD WR EH SUMWWUQYRGJLW HSJIPH B/ VAHLUGHD WIL\R Q
FRYHUV WKH GLJLWDO KHULWDJH RI WKH ZKROH +LJKHU (GXFDW!I
DQG 5HVHDUFK FRPPXQLW\ 7KLVRLOFOXBFHW BG&EWWRRQD D A GIRW
FRXUVHV GLJLWL]HG ERRNV WKMYHRAKHOGNVEQ DV DHWDXOU B M\ U WHK
GDWD SDSHUV VLPXODWLRQ RXVE®P RXWDANSRIQB R PSNKWHUMR UH
RU HYHQ DGPLQLVWUDWLYH GDR®ORR KVXQYRYRUWUWLG \RYSHIYV R
VWXGHQWY UHFRUGV AQDQFLDDQBHPRURSH HWF &XUUHQWO\
VWRUHV DERXW 7% RI GDWD LQ WKH SURGXFWLRQ HQYLURQPHC
'LIJLWDO 3K' WKHVHYV KHWKHU DW WKH OHYHO RI F
6FLHQWLAF SDSHUV XSORD ®KGRLIH WKW LRSH QVKHS R Y LA RURO |
+$/ +\SHU $UWLFOH RQ /LQH PDEODHAWIEAF&®E'EUDULHY VRIWZD
'LIJLWL]HG SXEOLFDWLRQV BW BOWHE R K IWFKHR+WRMIQ G WWHHW P L
DQG 6RFLDO 6FLHQFHYV SURJUDB WGRMHFMWW XVLQJ VXSHUFRPSXWL
6/'5 0OXOWLPHGLD FROOHFVBIDRMD VREEQGDAGHWHRW AOHV DU
HWKQRJUDSKLF UHFRUGLQJV LQVRDARMRXYHG B QWX BDHWD DV KIH SALD
SURMHFW RI WKH +XPDQLW)\ DQBU&HRPDNV® SRIHMHRHV SWRIHIWD PR |

7*( $GRQLV 2 *ULE &*16
'LJLWL]HG FROOHFWLRQ Rl WKH KLVWRU\ RI ODZ RI
&8-$6 XQLYHUVLW\ OLEUDU\ W LV QRW VXUSULVLQJ WR VHH
'LIJLWL]HG FROOHFWLRQ RI VEIRIR NAW D BRXXOW GA KBW-LIRQN R U\G D W
RI OHGLFLQH %,8 6DQWp ,QWQHH X QLR MKW WKEUD WBDRMD E
KHDOWKFDUH RI NQRZQ FROODERUDWRUV :LO

'LJLWL]HG ZRUNV LQ PHGLF H@MW LELHR YRLHQWR AR JA FDRPX Q L W\
SK\WVLFV FKHPLVWU\ %830& S8QQYBUVHMRQGEWRLPH 3HBHUUMHU

DQG ODULH &XULHp H[SORLWDEOH IURP RQH VRIWZD!
'LJLWL]JHG FROOHFWLRQ RMWERRRQY HRUWV KHK HFD MQWWHPDW L

*HQHYLgYH OLEUDU\ VSHFLAHG DQG VXIAFLHQWO\ JH
/ILEUDU\ RI SKRWRV RI WKHDQBQER\WHKRRBG URD BEXVHL DRLWKLQ

BWXGLHV ()(2 DQVZHULQJ WR FRQVWUDLQWYV R

D GLVFLSOLQH 3DUW RI WKH VX
KDV RWKHU SUHVHUYDWLR®GRBMMEF\RY WKHWIR 8 WRSERXIHED
E\ ,16(50 1DWLRQDO ,QVWLWXWH HRIR$SHRAWRYPDWS/ 0HR\IFOW\ |UF
5HVHDUFK DV SDUW RI PHGLANMH®D IUGKNWBWLAKL QD GW R QW ¥ W LH) W H ¥
UHFRUGYV H[WUDFWHG IURP &15BRMS\SIMILFGIDE LRQWK DA TH Q @ \DH/OTL
FRXSOH RI SURMHFWY DV SDUW RQ L\ K& DWIP POWLERG BRMLPA
6FLHQFHY SURJUDP © 7*( $GRQLV 2 VXFK DV DUFKHRORJLFDO
GDWD RU ODQJXDJH UHVHDUFK FGIbWD/ DQ RSHQ IRUPDW UR\DOW!
LPDJHV LW SURYLGHV DGYDQFH
XVLQJ PHWDGDWD FRQWDLQHG L
(DFK GDWD EORFN FDQ WKHQ E
DWWULEXWH YDOXH $ QXPEHU
), 76 IRUPDW DSDUW IURP WKLYV
GHAQH WKHLU RZQ
KHUH LV D VWURQJ OLQN EHW BIFH®QWHK A FF RGFDBW IV LIQUHS R ¥ M D QRO \
DQ LQVWLWXWLRQ DQG WKH DPRKHUNR RH Q3D WHDU L VD FFFRXQI\DXWPHH V$ D
SURGXFHV %\ RITHULQJ WR WKHD)QU® Q FK W FK.BI\D \§ RAVF EEHRHP @ XPQDLWA L
D SRZHU RI 7ARS  &,1(6 PXVYMVIN RQDRVWYW RAXNEBRZOHGJH LQ |
DPRXQW RI VFLHQWLAF GDWD IRHFRJDRSIOH WK HVLPIR\UMPEBERRIAW
RI WKLV GDWD DQG EH\RQG VLPSWEHOWRWDIZR @HIY(I8 QMWHRRLB VW L
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\QWDFWLF GHVFULSWLRQ DOORZV NMERXRERWRHLEDID QW DWLRP
GDWD LQ WKH AOH H J SULPLWHFUE WAGWY R/IL MWK H5 FA\DLWIL. R @ DLU
WDEOH HWF 7KLV LQIRUPDWLRX H MUX D EDO DW \S BMRW XRIG W K M WKBIQ
AOHV DQG SULPDULO\ IRU FRP SKWMBULW VW H® N FAHR/IVAKU H \8 R RHLWW
WKHP UHSUHVHQWDWLRQ ZKLFK ZLOO
VHPDQWLF GHVFULSWLRQ ZLPOWSEHRQLWKHLQDRWDP D YG RQK IR @ F
WKH FRUUHVSRQGHQFH EHWZHHQ WKH GDWD DQG WKH PHDQLQ.
DWWULEXWHG WR LW 6XFK YDONXHJIDRIGLIDVS G E VI RBRPD WWP ZHU D
SUHVVXUH HWF 7KLV PHWDG D WIDVFDQOMHY\DR) WHWR. UHHFMDO H F DY WD
LQ WKH GDWD AOH RU GHVFULERGJUQ WIQRE[WHWEB®W OGHVFULSV
DQG LI LW LV QRW VXIAFLHQW W
XQGHUVWRRG E\ UHFLSLHQWV 1
OHYHDOV WKDW RI WKH ELQDL
PLJUDWLQJ SUREOHPV WR D VW
RWM 1HW&') 2EYLRXVO\ D ELQDU
GHVFULSWLRQ RI LWV FRQWHQW
E\ D WKLUG SDUW\ DQG SHUHQQ!
VROXWLRQ SURSRVHG E\ &1(6 W
V IDU DV ZH DUH QRW DLPLQ@XHWRKH3H O WY WK HOR QW DVFHNLFF O H
SUHVHUYDWLRQ ZH GRQ-W QHHWGHW®WRQW SR \DHH DHOWDLNGKD UG WR U B!
RU D ODERULRXV SURFHVV GDWDKGHK RRZSWQRG\WE D QO DE\WHKIIM
QRW KDYH WKH PHDQV WR LPSOHPHQW WKHP :H ZRXOG OLNH WR
PDNH WKHP DZDUH Rl WKH SUR EIQRNR\D @ DFE R Q BWRHD G \8 LERRG QRN \
WR D JRRG ULVN PDQDJHPHQW DG W R KRR Q&M KWIQEHH \G RW DV R 1B L
ORVV Rl RSHUDELOLW\ Rl WKHLANOGIWRRWHY SXEOLFDWLRQV W
VLPXODWLRQ SDUDPHWHUV RU |
H ZRXOG VWDUW E\ DVNLQJ D @DXPPLEQUVRY W K P \ADIHR/Q 7 KDHE R R R/P X
WKH OLIH F\FOH RI WKH GDWD YHU\ GLIIHUHQW ODERUDWRULH\
JRU ZKDW SXUSRVH KDV EHGRP®URGRIFEBWILKLW\GDQWDWKH G
6KDULQJ ZLWK WKH ZLGHU FRPPXG®HWYV DRI R\QD 'S URR DLWIHFRAR Y
MRE LQ WKH ODERUDWRU\" D EDVLF UHDOLW\ LW LV QRW VF
‘KR DUH WKH UHFLSLHQWYV RHRH\H BD WD DQGRENYRXWVKWMQV
D NQRZOHGJH EDVH DQG WRROVNVVWRAPICHO W GHRVRKVHSWKYW GHW
HJ PHPEHUV RI WKH ODERUDWRORRW DWOR R D\ IGHL WL W KQBWLL/Q
ZRUNLQJ RQ WKLV WKHPDWLF ZLROMOWEKHQY E B LIDBU® PVRXRP® G H UMW
ZKDW ELQDU\ AOH"
+RZ ORQJ DUH WKLV GDWD UHOHYDQW" :RXOG WKH
SUHVHUYDWLRQ FRVW EH OHVV WKDQ WKH FRVW RI SURGXFLQJ V
DJDLQ"
7KH PDLQ JRDO RI JHWWLQJ WKRVH DQVZHUV LV VLPSOH WR
GHVFULEH WKH GDWD VR WKDW WKH\ DUH XVDEOH E\ DOO SHRS(
ZKRP WKH\ DUH LQWHQGHG 7R DVVHVV WKH LPSRUWDQFH RI
WKLV LPDJLQH WKH FRQVHTXHQFHV LI WKHUH ZHUH QR UHIHUHQ
ODQJXDJH L H (QJOLVK WR GHVFULEH VFLHQWLAF DUWLFOHYV

7R DFKLHYH WKLV DFWLRQV DW VHYHUDO OHYHOV DUH VHW XS
2UJDQL]DWLRQDO AQG LQWHUORFXWRUV DUWLFXODWH
H[FKDQJHV GHSHQGLQJ RQ WKH TXDOLAFDWLRQV
&RPSXWLQJ LPSOHPHQW LQIUDVWUXFWXUH VRIWZDUH
KDUGZDUH DQG SURWRFROV WR SURFHVV PHWDGDWD LWVHOI
$UFKLYLVWLFV AQG WKH VWDQGDUGVYV DQG H[FKDQJH
IRUPDWY UHOHYDQW LQ WKH G RRD L QstrMbRoDO@RZioW KrdigilaQreR R DWW
WR HPHUJH XQVFDWKHG IURP WiKH UDYDJHV RI WLPH
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Q RUGHU WR SURSRVH D PXWXDOLVHG VROXWLRQ ZH KDYH
GHAQHG EDVHG RQ VFLHQWLAF FRPPXQLWLHY UHTXLUHPHQWYV
IRU GDWD SUHVHUYDWLRQ WKUHH PDLQ VHUYLFH FODVVHV D
IRU HDFK RI WKHP ZH SURSRVH D VROXWLRQ DV LOOXVWUDWHG
AJXUH

KH UHVXOWYV RI WKH VXUYH\ ZH (
ZH QHHG WR SURSRVH DQ DUFKL"
WKDQ WKH VLPSOH ELW VWUHDF
PRUH AH[LELOLW\ WKDQ 3$& DV W
GDWD SUHVHUYDWLRQ &,1(6 ODX
,6$$& ZRUNVKRS LOOXVWUDWHG
GHOLYHU D VHUYLFH FODVV FRPS
H DOUHDG\ SUHVHQWHG 3%$& $RBURKLY S THEWYRAHP[ LLEH PD MQ WL V
WKH VROXWLRQ WR IXOAO ORQJIDWBRE GIHEB GG HY.H B QDWHK IR Q/ S&,f
KDV GHYHORSHG D VWUDWHJ\ DAXH ZAR@V WRIQW Q @/X/H DLEVRX W | PRAN
FHUWLI\ 3%3& DQG WKH UHODWHBL®ERKNW V B © LEBIDW QR @ DVKZHH PIRA
DGYDQFHG VWDQGDUGV IRU GLJLW DX IS IHHOVGH B ¥ DWK HRRU H H(lb YHOR\C
V WKH IROORZLQJ FHUWLAFDWLEBRWD ZLOO EH HLWKHU JLYHQ EI
WR WKH ORQJ WHUP SUHVHUYDYV
'DWD 6HDO Rl DSSURYDO '69HTXL(UE QV DCGGIPEHRQDO PHWDG
RI '6% ERDUG
QH RI WKH PDLQ FKDOOHQJHV
.62 RQJRLQJ DV FHUMWQARDWRRQDQY]IRMRQDO DQG D
RIAFLDOO\ DYDLODEOH DQ\ GDWD SURGXFHG PXVW EH C
UHFRJQL]JHG FRQWH[W ZKLFK F
5LVN PDQDJHPHQW FRPSOLDQW ZIWWKLGWOPIDEW\ 6R LQ WKI
PHWKRGRORJ\ FRPPLWWHHY IRU VFLHQWLAF V)
WKH ,6$$& SURMHFW SURSRVHV )
LV DOVR LQYROYHG LQ WERPFLWWIHHRMHEIW $TKEIKLYLQJ 2(C
SURMHFW IXQGHG E\ (XURSHDQR&ERPPIWNHR@RIDYUSRUW. @RI LV |
WKH )3 SURJUDP DLPV WR LPSOHMPHQW @WBWLWH LEIXWKE DU
LQIUDVWUXFWXUH IRU VXVWDPRDELBLIWUWGDYWOQ WKR \PRHHMD WW
UHTXLUHPHQWY H[SUHVVHG E\ FRPPXQLWLHV RI UHVHDUFKHUYV
&,1(6 LV RQH RI WKH (X URSHD QH G DR/DH \F HRRQ V&R $ \D U H
LPSOHPHQWLQJ WKH &RPPRQ 'DWD 6HUYLFHV &XUUHQWO\ WKH
PDLQ VHUYLFH UHTXHVWHG E\ RRPPXRHWMHXGD QG G PABSIOH P K R MFHHG
LV D ELW VWUHDP GDWD UHSOLEQWRRQKWHDLYEKHY HQVRQMHRPU PR L
WKH GDWDFHQWHUV % 6%$)( ,W DVVLJQV D XQLTXH SHUVLVWHOQ)
,G DVVLJQHG WR HDFK UHSOLFIN DQG KHO/WSBYU IRQE WKH FHKRH VM
FKHFNV WR JXDUDQWHH WKDW HOHAKFBLBEWKEDUMSOLFDV LV HTXLY
WR RULJLQDO GDWD REMHFW 7KLV VHUYLFH LV RSHUDWLRQD!
&,1(6 (8'$7 LV DERXW WR GHOWYHU7RWHKMIXGHDQIGFWKHIRBFHSW
H[DPSOH % ),1' D VHUYLFH SURYLGLQJ D FURVV FRPPXQLW\
VHDUFK EDVHG RQ D FRPPRQ VHW RI PHWDGDWD
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\blker Beckmann

Data preservation in a wider sense includes also the ability to analyse data of past experiments. Because
systems, such as Linux and Windows, are evolving rapidly, software packages can be outdated and not usab
already a few years after they have been written. Creating an image of the operation system is a way to
launch the analysis software on a computing infrastructure independent on the local operation system use
same time, virtualization also allows to launch the same software in collaborations across several institu
very different computing infrastructure. At the Francois Arago Centre of the APC in Paris we provide user <
virtualization and computing environment access to the scienti c community.

ZD\ WR SUHVHUYH WKH DELOL!

SDFNDJHV Rl SDVW H[SHULPHQ

KH DELOLW\ WR XVH VFLHQWLAB RFHWVIILRP MDKH OWR Q JFWH D W HD
WR EH DEOH WR H[WUDFW VF LHIZPXAGH W HQRMD VR\D Q K DMUKVH [D @/BiO
H[SHULPHQW KDV EHHQ AQLVKMXHURSHHNYWQRY \RY ¥H R Q7 WH®I
DFFHVVLELOLW\ Rl WKH GDWD LOWMWHDOWEO® W RS RR DQ WL D WXHDFO
JRLQJ WR EH ZKHWKHU LW ZLO @ EHY SRVWNSEOR PNR ®ISISKOR W Q Q W
VRIWZDUH WKDW KDG EHHQ ZUM/NREE QG LRWGHWD GRVE B RFXWIVQ\
GDWD LQ WKH AUVW SODFH :KLERQWIOR NROWXRWHDSSANDRIQ DOV Y
PLIJIKW EH ZHOO GRFXPHQWHG [DQSUGMPWOIRBMGREXBQ 6 WD ODW DHA
SRVVLEOH IUHH RI EXJV LW L&E&AZB\VL @ /FRKQ ORW RIH DVMRF LR W
VXFK VRIWZDUH RQ D FXUUHQW FRIPPRISH U D @&/ LFFORK & \M Q@ HIPUR QP H (
BURYLGLQJ D FXVWRPL]HG "LPDJF

Q H[DPSOH IRU WKLV ZDV W RWHRIHVFKIQW ZHW R UMK HR D QDIONV LV
(XURSHDQ 6SDFH $JHQF\ (6% WRHPIDNWOWEBKDEBWIRIRDQ H[SHU
WKH (;26%$7 ; UD\ VDWHOOLWH DWRHODRE OWHZ IVRH HEBHYHHUO RISW K QMK +
DQDO\VLV VRIWZDUH $O0OWKR XJHK RRUG GOWDLRQGRE HH § URWHMHN E
LQ VWDQGDUG IRUPDW ),7V >XS\DHIGN @H UWK H VWD B RBBWK \ R QFD ©D U
FRPPXQLW\ DQG WKH VRIWZDU M IS FNRBU\HR B BWL 0P [RIL OIDE GHHSBIQ G |
DOVR ZHOO GRFXPHQWHG WKHZR®HKUW WH ARG MU DWH R QVRV UWXVQH W K
VRIWZDUH RQ KDG ORQJ FHDVHG OQWRIBKHWW DQG EHLQJ LQGHSHC
LQIUDVWUXFWXUH DYDLODEOH D\

ODUJH DPRXQW RI ZRUN KDG DWRG EWHHDGY HWRV H B QL QPR H G H D WWHRD

UH RUJDQLVH WKH VRXUFH FRGH LQ D ZD\ WKDW LW FRXOG EH L
FRPSLOHG RQ D PRGHUQ GD\ RSHKXIYWLWRRQHV\WWXIR DGYDQWDJH |
$GDSWLQJ FRPSXWLQJ FRGH WRSR UMIZER SH WD WLKRLY VAN @ HERH FPRU
EH ZRUN LQWHQVLYH RU HYHQ LP3$BYVWHEXHFWXHSHQGLQJ RQ WKI
UHVRXUFHV DQG DOVR RQ WKH FEW S\DFE IFRIQMWLHHR/S R U MVQKHHR X @ WEHRPLSL
WHDP ,Q VRPH H[SHULPHQWYV ROGLFRRS$XQWH RS HULDWKLB Q FV H/QWWH
RSHUDWLRQ V\VWHPV DUH XVHGGIHY ROBSRHE R FRD L\ WHD VG W/KZHD D
WR DQDO\VH WKH GDWD %XW REKVYLRSROW DEKLIOL \DOR RWSKRH/ B @ [RAM
WHPSRUDU\ VROXWLRQ DV RQHD®BHRWHLRD WEEDBRQM/BONGRH B
UHSODFHPHQW ZLOO EH KDUG WRQMWLQHG LQ VFLHQWLAF GDWI
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VHIPHQW QHHGV RI HJ RQH VD
DV D PXOWL PLVVLRQ WRROER]
WDNHV WKH QHFHVVDU\ UHVRXUI
LV D LQWHUIDFH EHWZHHQ WKH
FRPSXWLQJ IDFLOLWLHYVY OLNH W

RQFHUQLQJ WKH LPSDEFW RI
FRPSXWLQJ SHUIRUPDQFH VHYH!
EHHQ SHUIRUPHG DW WKH )$&H
RQ D FODVVLFDO FOXVWHU ZLW
HQYLURQPHQWY &DYHW HW DO
YoWHG WKH 6WUDWXV/DE VFLHQW
ViiPRDUL]HG DV IROORZV

&ORXG DQG FOXVWHU ERWK |
ZLGWK VDWXUDWLRQ LQ D VLPLO

&ORXG HQYLURQPHQWYV XQGH
ZLWK ODUJH LQWHU QRGH PHVVD

&ORXG HQYLURQPHQWYV SHUI
DQG PHPRU\ ERXQG SURFHVVHYV

Q WKH RIWHQ VWDWHG FRQFHUC
WDUWLQJ D YLUWXDO PDFKLQHQRERBYHQ WL G O XWRVFOQRRXG QML
PDFKLQHVY RQ D VFLHQWLAF SULYDWM ZRY FRP®E UFKD® RIKRIXE
HQYLURQPHQW LV D UHODWLY HXOWHLDN LW DWKN AV B B RLLIR@O R IE MK
ODUNHWS3ODFHV RI GLVN LPDJHV DRKL GH Y H OR SRIG VZK W KRLS)H & O R/
VROXWLRQV 7KH PDLQ GLIAFXQORXQX& HWKDAQ @ RWNW®RJ FULHDKY KV Ky
FXVWRPL]HG GLVN LPDJH RI WWHJ\WSBODMWRQIWKWWHSUBREBVVL
LQFOXGLQJ DOO WKH SDFNDJHODERBHVYWHQ VRVHUXQ® LVQLIP M/ K3+
VRIWZDUH 2QFH WKLV LPDJH LXWHRAUMIIRQHE FOWVMHNVHG LQ WK
FORXG HQYLURQPHQW DV D YLQWXG®GLWDRIQLQHO RXGD E OAVQH PW R
UXQ WKH DQDO\VLV VRIWZDUH GUWKRH \LPPH HAD X DMVQ R Y FOP N L\QW O B
FRPSXWHU ZLWK WKH VDPH RSHXY®W LZXL FKVWKHRQ TAOHD VEDHP 18 XZDO H
DOVR D FOXVWHU FDQ EH YLUWXDOL]HG ,Q WKLV FRQWH[W D F
HQYLURQPHQW SURYLGHV WKH DLEYIDON DV H FRIU EWL D @ HE[H EDOQH LLv
DVVLIJQLQJ UHVRXUFHYV WKH XVHU GRHV QRW KDYH FRQV

VWRUHG ,Q D FRPPHUFLDO FOR:
KH PDLQ FRQFHUQ ZLWK WKH XNVWJHVRQ K EHWXDO MERY HOFEQ R $\G VW
LV WKH SRWHQWLDOO\ UHGXFI$SE REMHRW PDXHF KV HQ IR GHUY D/\R
HYDOXDWH WKLV DVSHFW ZH SMWKIR WHGZ R UM S URE ®RH RV HWHA/ W D
JUDQORLYV $UDJR &HQWUH )$&H PR@ VRKM/L KR QDVQUG D WVWHIH B\ & G
LQ 3DULV LV SDUW RI WKH DQVZRUMER WKH FKDOOHQJHV GHVFU
DERYH 7KH )$&H SURYLGHV PRGHUDWH FRPSXWLQJ SRZHU
WKURXJK D FOXVWHU RI Q FRWYV DIQ & QWWWRIDIDIA DOVAAL DE M L H Vi
DW WKH WLPH EHLQJ 7% \W HJ LWRQ $ ULRMRI B RNVWZIRIGF 0 X® YGD W
D VSHFLAF QHHG LQ GDWD FHOQWR D SEWYDPWHWHLARP IKE\ )& KHDDU
SURYLGHV PHHWLQJ URRPV DQ® WRIGGH RVRRQ IBEURBG H PI D BED IG\WM PH
DQG LV HPEHGGHG LQ D VFLHQWUAWKHAUYDGRQPHE® WK WRDDIKK LW
FRQQHFWLRQV WR WKH $3& WKHALSQWILHAFERPPXMUMW GLREHW R R\
DQG LW LV SDUW Rl WKH 6SDFHOKXBSYXWWHA QJIJLQJ WRJIHWKHU
UHVHDUFK GHYHORSPHQW VWXGHQWVY DQG LQGXVWULDO SDUV
7KH VHUYLFHV SURYLGHG E\ WKIHK M QH FZ VE® (EYHL BN BIL WHWBIH)Q &HDW |
WKH SURMHFWV KRVWHG 7KH )$&MYVY KRR® 8 QR R EHYRQBHIWHV B B
DV D FODVVLFDO PLVVLRQ GDWQRRZHBEMHIH X VHG YE\ QU KRJH®! W KB FHL
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3DWKAQGHU /,6$% 3) PLVVLRQ |6 IRUADD FAWMHFKQRORIWHUV YL
GHPRQVWUDWRU PLVVLRQ E\ [(B$ VIRQG HER/OODE RIWD WILRQF Z LWK O (
1$6$ LQ RUGHU WR WHVW WHRKQRGRIYHHVRQHMHGHWGE \LQJWKH ODU
H/,6$ SURMHFW 7KLV VDWHOO L@ H®ZLOOLER @DXQEKHG LQ © 7RO
ZLOO EH SODFHG DW WKH /DJUDQPIB XSRILQWWR /VFRH GIKHAEXDR U N
(DUWK V\VWHP 7KH VDWHOOLWHIUVREPWICFDO O\ 3B LZR UNJ EE'Q FK
VSDFH LQ ZKLFK WZR IUHH IDOOLQJ PDVVHV DUH NHSW ZLWKLC
WKH VDWHOOLWH ZKLFK LV QDY »

GLVWULEXWHG RYHU D QXPEH
7TKHUHIRUH IRU WHVWLQJ S)XaVCEEe RN oLTe (@ o AT \E YA s

DYDLODEOH IRU WKH ,7 VXSSRU SRNEE =Eal
%DVHG RQ WKH SRVLWLYH IHHG , , , vy
/1,63 SBDWKAQGHU VRIWZDUH WKH VDPH DSSURDFK ZDV QRZ
DGRSWHG DOVR IRU WKH VRIWZDUH GHYHORSPHQW DQG VLPXODW
IRU (6%V ODUJH PLVVLRQ WR VWXG\ JUDYLWDWLRQDO ZDYHV
J)LQDOO\ WKH YLUWXDOL]DWLRQ KDV VXFFHVVIXOO\ EHHQ WHYV
IRU VRIWZDUH XVHG LQ WKH SUHSDUDWLRQ RI (6%V (XFOLG
PLVVLRQ WR EH ODXQFKHG LQ E\ UXQQLQJ ODUJH VFDOH
VLPXODWLRQVY RQ D YLUWXDO FOXVWHU RQ WKH 6WUDWXV/DE FC

The future of data preservation and
virtualisation

FRU REYLRXV UHDVRQV GLVN LPDJHV WKDW HQDEOH WR XVH D
YLUWXDO PDFKLQH RU FOXVWHU FDQ RQO\ EH FUHDWHG DV OR
DV WKH RSHUDWLQJ V\VWHP RQ ZKLFK WKH VRIWZDUH UXQV LV
ORFDOO\ DYDLODEOH ,W LV WKHUHIRUH QHFHVVDU\ WR SUHSDUI
LPDJHV DV ORQJ DV WKH H[SHULPHQW RU WKH VSDFH PLVVLRQ
LV VWLOO DFWLYH DQG WKH GDWD SURFHVVLQJ LV ZHOO VXSSIH
DQRQG XQGHUVWRRG $GYLVDEOH ZRXOG EH D GDWD EDVH RI ERWK
VWDQGDUG DQG VSHFLAF GLVN LPDJHV IRU YLUWXDO PDFKLQH"
WR EH XVHG E\ WKH H[SHULPHQWY 6XFK DQ DUFKLYH ZRXOG
LQGHHG QHHG OLWWOH WHFKQLFDO VXSSRUW DQG PDLQWHQDQF
ZLOO EH LQYDOXDEOH LQ WKH IXWXUH 2QH HVVHQWLDO UHTXLUI
IRU VXFK DQ DUFKLYH LV LQGHHG WKDW LW KDV WR EH PDLQWDL
RYHU PDQ\ \HDUV DQG WKDW LW VKRXOG EH RSHQO\ DFFHVVLEC
WR HYHU\RQH ZDQWLQJ WR UH DQDO\VH GDWD IURP SDVW
H[SHULPHQWYV

TKH )UDQOoRLV $UDJR &HQWUH ZRXOG EH D ORJLFDO SODFH WR
LOQVWDOO VXFK DQ DUFKLYH ZLWK LWV PXOWL PLVVLRQ DQG PX
H[SHULPHQW H[SHUWLVH FRPELQHG ZLWK WKH NQRZ KRZ

Rl KRZ WR SUHSDUH YLUWXDO PDFKLQHV DQG KRZ WR WUDLQ
VFLHQWLVWY RQ WKHLU XVDJH

SHIHUHQFHYV

[1] JUDQORLV $UDJR &HQWUH )$&H ZHE VLWH KWWS

ZZZ DSF XQLY SDULV 11U )$&H

[2] 6WUDWXV /DE 3URMHFW KWWS VWUDWXVODE HX  &DYHW
HW DO © 8WLOLVDWLRQ GX &0RXG 6WUDWXV/DE WHVWYV
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