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6XEPLWWHG E\
(GJDU 8 3H\URQQLQ

'"HSDUWPHQW RI -RXUQDOLVP DQG OHGLD &RPPXQ

,Q SDUWLDO IXOILOOPHQW RI WKH UHTXLUHPE
JRU WKH "HJUHH Rl 'RFWRU RI 3KLORVRSK\
&RORUDGR 6WDWH 8QLYHUVLW\
JRUW &ROOLQV &RORUDGR

)DO O

'RFWRUDO &RPPLWWHH
$GYLVRU 3HWHU % 6HHO

-HQL &URVYV

.ULV .RGULFK
'‘DZQ 3DVFKDO
&UDLJ 7TUXPER



&RS\ULJKW E\ (GJDU 8UVLQ 3H\URQQLQ

$00 5LIJIKWV 5HVHUYHG
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5HVHDUFK ZRUNIOREDWIOQRKQLEBDNYH ARQYDOUIRLZP ROYWR GKID
WHFKQRORJ\ WR VWRUH GDWD KD VUMVSYURY D® G R WDXD Q QFOUMLDF
EHKDYLRUV KDYH SIRG\O D G DISKV M &/ 06 XN HBEQRYIXWLRQ WKHRU\
ZLWKLQ DQ $FWLYLW)\D/&E RAK H R § N QOSWIFKQ YoH V,\§ HPUW R FUHDV
IRU VWXG\LQJ NH\UPDKRIL\R @1 W KB P\REHZD ZDU RWR MG BUVWD QG
FRPSOH[ VHW R IQWKLDERW VEIODWD SINGHY HDUMDWVLRU H7EHWHUP L Q
DQDO\VLV RI LQWHUYLHZV VXUY K& XYE G GHVEWXSW RO O VG
VRFLDO QHWZRUN IDVQH @ DANVYWRR WHISIENRAH WY QWAL @ \W I/ W LW X G|
EHKDYLRUV PRUH HIIHFWLYHO\ 7KH VWXG\ SURSRVHV WKUHHI
DQG WUDQV JHQHUPMYLRIHPH Q WK S OGRRIMDB WX LRIHPH @ PLHQFH )F
JUDQW VXEPLVVLR@VPFOVLY BBREH U 75RUWXREWILRNRQIR BRSVKH L
FUHDWH JURXSY PFRVDYLIRWHN VKR SEF ONK®N DS KOMW L ZD O/&\ 16) J
WKRVH ZKR VKD XEPRWKHRQ b PSHN VHGHF M VWX BAKDWKRPIRXQ G WK
LQIRUPDWLRQ WHFE& QRO RQ\GHW U WD EBWINRPDW KK SHREOUFKH
SHUVSHFWLYH EHWWMHMUXRVRYMURRRFH YIRQDOO\ FDPSXV OHD(
WKHLU UROH LQ DHGIRWHW X HQO R/QK RN/ EVHV® HWLAW RRQ 6 WU D)
DQ LPSRUWDQW QUDW RBEX\SW GLQLAMYLSBERPHQWO MW P Q LWH !
GHSHQGHQW RQ P D HSHUDS RF WKRYVISHMIBDW KK SWRWFHVV E\ (

D VIVWHPY OHYHO PRGHO IRU H[SRVLQJ SUREOHP DUHDYV

LL
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, ZRXOG OLNH WR WKDQN P\ FRPP LWW HHKIRRIX WK MLKL \J XSLHG
MRXUQH\ (DFK EURJISW UNGRIZOH Y HIFDIR P LY GV WREKHOS PF
P\ LGHDV DQG GHYHRRS PDFKH WKR\S B OEX VZ KGFKQ, DIP\W HU\ WKL
, ZRXOG SDUWLFXODUO\ OLNH WR M ISD® N HE VD G'YL VR W K IR X6
$OWKRXJK WKH RULJDQBEO/WHOBDWKK EBBWWDO IRFXV RI WKL
IDU GLITHUHQW WKDQ ZKDW ZDV LQLWLDOO\ HQYLVLRQHG $
JUHDW DGYLVRU D®PHRZNVF\RR XWDH H SRKME H U,HZ RXHDIBWD OVR O L N
IDFXOW\ IULHQG Y KRB QFRXWWDDHGHRH WRQRXGIK\DOODWQLQJ D
KXJH HQGHDYRU HYHQ ZLWKRXW DHROONNVRHAB WRES FDQGFER
WUDMHFWRU\ Rl DQPEDOD XJKRXRRXDHIMRB S HIAR P-HD FKQ ZKR OLVWH
LGHDV ZKLOH ZH G\FPRK®@ WPHQ SDVVRVWLGBRRIORWDBPGRHD QG
'RURWK\ ZKR VW U RNWR/ HIBP D 03 YR WKBGIXFFDRWLVRIDQ FHNRQ RZ W K
ZRXOG EH SURXG 7R O\7WIHQWHUZKE ZDLORYG DOP,RFMG WR HD
3K' DQG VKRZHG PH WKDW LW FRXO® EQNDRPR PREWD MWKKHH G QIS WU
P\ EURWKHU -RHKBHUOPRQILRWEHU ZLEBAP JO K P\H FKRIYEKR U\
RI /LIH E\ 6HQHFD VKRIMWL VI QWHWWHG ZHOO 7R P\ FKLOGUH
VSRXVHV (OL]DE QS KPD QGDRGIEDIX DK WHY H/ P& GRBWEZRRVP [RU \
IXWXUH DQG WKH NQRZOHGJH WKDW VRPH RI OLIHfV DFFRPSC
FHUWDLQO\ FDQ EH HQMR\HG )LQDOO\ WR P\ SDUWQHU IRU F
ZLWK VFKRRO QRZ ,W FRXOGQIW KPYHE¥YH® QEFPRPSIRWWK H C

DOZD\V SRVLWLYHKDQG LRX SRULWIPIDIN AHOGRV \IRI R

LLL
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&+$37(5 ,1752'8&7,21
3UHVHUYLQJ .QRZOHGJH 'XULQJ $ 'LJLWDO 'DUN $JH
(YROXWLRQ RI 6X0WDHIQDYELRH '$ QIGWTHVSRQVLELOLW\
&+$37(5 %$&.*5281"
&RQWH[W DQG 5HOHYDQW 5HVHDUFK
3DVVLQJ 7KH +XPDQ ([SHULHQFH )RUZDUG
'KDW 'ULYHV ,QQRYDGQ\R'®I LIPORBHEBDIILWDO :RUOG
7KH 2SHQ $UFKLYH ,QIRUPDWLRQ 6\WVWHP 2%,6
JLEUDU\ RI &RQJUH® \B X6/MWMHLQQ DEL@DN\ )DFWR UV
7KH 1DWLRQDO ,@W W L DWXEV I8 KRDIUHLHQD) 3ROLF\
7KH 1DWLRQDO 6FLHQFH )RXQGDWLRQ 'DWD 30DQ
&RXQFLO RQ /URUPDWRAG 5¢!VRXUFHV SXE
&KDQJLQJ 5HVHDUFKHU :RUNIORZV IRU WKH 'LJLWDO $JH
7KHRUHWLFDO PRGHOV
BRFLDOL]LQJ 7KH 'LJLWDO :RUOG
'LIIXVLRQ ,Q 7KH 5DSLGO\ &KDQJLQJ 'LJLWDO :RUOG
7KH $FW 21 ODNLQJ $QG 6RFLDOL]JLQJ 2XU 7RROV
ORGHO DQG 5HVHDUFK TXHVWLRQV
&+$37(5 0(7+2'6
6\QRSVLV
&RQQHFWHG 5HVHDUFK ,QVWLWXWLRQDO 5HFRUGV
,QLWLDO ,QWHUFXHYM\+&OWHDIWRULHV
)DFH WR )DFH 6XUYH\V + '"HWDLOHG )DFW )LQGLQJ
J)LQDO ,QWHUYLHZV +,VVXHV 5HTXLULQJ ORUH (ODERUDWLRC
&+$37(5 5(68/76 $1' $1$/<6,6
6XEMHFW
,QVWUXPHQW

LY



'LYLVLRQ RI /DERU
&RPPXQLW\
5X0OHV
&+$37(5 ',6&866,21
&RQWH[WXDOL]LQJ 'DWD 3UHVHUYDWLRQ
6BXEMHFW
 QVWUXPHQW
'LYLVLRQ RI /DERU
&RPPXQLW\
5X0OHV
JLQGLQJ $QVZHUV
SHFRPPHQGDWLRQV
&+$37(5 &21&/86,21
ILPLWDWLRQV
)XWXUH UHVHDUFK
% ,%/,2*5$3+<
$33(1',&(6
$33(1',: $ ,QLWMIDHYZ D¥HWWLRQV 6SHQFHU S
$33(1',; % )DFH WR )DFH 6XUYH\ 4XHVWLRQV
$33(1',; & )LQDO ,QWHUYLHZ 4XHVWLRQV
$33(1',; ' 1DWLRQDRXEFGABWERQ 2UJDQL]DWLRQ &KDUW
$33(1',; ( 1DWLRQPFOX QELIMVQIERIQ 'DW D 0B QOLIBHP RIHGW3 B [FQI WS W
$33(1',;) 2SHQ 'DWDIRRBLEN WRH 3 USHQULLVGHHIE \&/\WRD WAHOH
$33(1',; * ,QFUHDVLQNKIFBHVXOWRY RH GHEFH UMW )K GEVHDUF



7TDEOH
7TDEOH
7TDEOH

1,67 2) 7$%/(6

JLEUDU\ RQR&RDUWB T V6 X6HRBMINVODELOLW)\ )DFW
1IDWLRQDO @RVHQXEIE HRXQE U@ DOWID RUDPQHPHQW 3
1XPEHU 21 DHFQOWH PADASDUWR®E Q VB HMHDUIEW X WaIR O R U

6WDWH 8QLYHUVLW\

7TDEOH

$ZDUG 'ROUBRBV([SMHHFBIQ DB GCERXHBMNV[ %\ '"H SIROMRRID GR ¢

8QLYHUVLW\ 9LFH BUHVLGHQW IRU 5HVHDUFK

7TDEOH

7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

6WXGHQW (RUWE a R MWQ WQ% W KGR IORRQIDAS & @EWNHEDW\FL W \

6XUYH\ 5HVSRQVH 5DWH

$YHUDJH 'DWD 6WDWH %\ '"HSDUWPHQW

)LOH ODQDJHPHQW .QRZOHGJH

*RRG )LOH 1DPLQJ +DELWV

'DWD 5HVSRQVLELOLW)\ $YHUDJH 5HVSRQVH %\ '"HSDL
ODQXDO 2U $XWRPDWLF %DFNXSYV

'DWD 3UHVHUYDWLRQ S5HTXLUHPHQWYV

'DWD 5HSRVLWRU\ /RFDWLRQV

OHWD 'DWD 5HSRVLWRU\ /RFDWLRQ

'DWD 0D QDEGI® BOWHIDOUFKHU $FWLRQ
'HLJKWHG QX WHGHUBB 5HV HDUF KWAUDDXGA *URXS
"HLJKWHG 2XW 'HJUHH 16) 5SHVHDUFK *UDQWYV
&RPSDUDWLYH 16) ,QIOXHQFH 2Q 'DWD 'HSRVLW
6DPSOH ,QFLGHQFH ODWUL]J

$GMDFHQFO GIWWVHU Y DI MRIQ J$ W\ O LEXWWHM YD W LR Q §
$GMDFHQF\ ODWUL[ )DFXOW\ %\ )DFXOW\

YL



/,67 2) ),*85(6

YLIXUH /LIH H[SHE WD @K URIXBK WKH DJHV &RQZD\

JLIXUH 2%$,6 ORGHO &RXQFLO Rl WKH &RQVXOWDWLYH &RPPL
JLIXUH (QJHVWU|PTV UHSUHVHQW DHWVRI®| AR | L\ Bl RAMALIQ\H\D $ F W L
3XQDPINL *LWDL S

JLIXUH (QJHVWU|P HQKDQFHPHQW RI(QUHRWMNP HB7 UM S SHV
YLIXUH 3URSRVH® RU DOV IHRIPHKWNVEDW 0. QMR WDP D YAMR QLKMF N D J
$FWLYLW\ 7TKHRU\ FRQVWUXFW

)LJIXUH B6RFLRPHWULF 6WDU

JLIXUH %DODQFHG DQG XQEDODQFFWS L\RWQY XENWXZHHNVQZ 1%/ K DRY
YLIXUH 2UJD QX YDW,IGRGIDOVRW\ + $QWKUR

JLIXUH 2UJDQL]DWLRQDO 7UXVW ,QYHQWRU\ + $WPRV
JLIXUH 2UJDTUXADWLRQYBIQWRU\ + &,6

JLIXUH 7KH PRVWLWHPK D @ ZWDFEKRRUG VW BDD N H/R\DW FRV W
JLIXUH  %DFNXS JUHTXHQF\

JLIXUH :KDW GDWD GR UHVHDUFKHUN HEKH F W WLR Y KBIWH DU
JLIXUH :KDW GDWD GR UHVHDUF KHUND H FKH F $1 WHRU VUK HDWWHHD IUR
JLIXUH  HLJKWHGRYX)\W GHIUDHH*UD QW V 7DUJHW *UF
JLIXUH HLJKWHG 260W8 GHIMBIVWL MRU*UD QBW X G\ *URXS
JLIXUH (LJHQYHFWRU &HQWUDOLW)\ 'LVWULEXWLRQ + )HGHU
JLIXUH 6XFFHVVIXGQUDRW WKEPILMWSDUWPHQWYV VL
JLJIXUH ,QGLUHFW FRQQHFWLRQV WR 16)

JLIXUH 6WXG\ ORGHO 8VLQJ $FWLYLW\ 7KHRU\

YLL
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$V DQ LQIRUPDWLR Q/ WHRRKIXR O & JK LSRHUR BHYHH®X WIZ W LGRHF D G H
KDYH VXSSRUWHG UMWY HDSER UL®D R DU DFGIOMIIQIHVR RQV IURP
DJULFXOWXUDO PDUNHW VDR TL$HWNTLRRSRF LEHVIIRIRGF KU X QG L Q J
LQFOXGH LQGXVWU\ JURXSV 86 'HSD, QW WH ®W VRH RI UHHDXO WK U
1IDWLRQDO 6FLHQFHR)IRX-QGERQRERQWEB ZLWK DGYLVLQJ P\ ID
ZLWK WKH GDW DVWWKKIN EHHQHQ O MWH BQBURIQW KRIUW WDWHKHUYV
DGYLFH , JLYH LV WHFRK QUIFD DDV FHEH WX BWHXRIWD B WRIKDG RI |
DQDORJRXV WR DGRSWLQJ KHDOWKRRBEL\ER QDWOKDH H 3WW BW
JHWWLQJ FRQIOLFWL\WH ® G RPPKXQ L BR/E® DRIOR P\S D@HIQQWRI DQ\ V
, KDYH EXLOW GDWD FHQWHUV ZLWK G GBQ® PRDO RUHRG) (GDIKDL
KDYH FKDLUHG D XQLYHUVLW\ FRPPDWMW H®JIWFD W.I & HDQ WRIQNW
FRPPLWWHH FUHDWHG D EXVLQHVV PRGHO FDPSXV SROLF\ D
FHQWHU ZKLFK ZHQW LQWR SURGXFM SPQ W QF L S DRAH B XAL WKP\B
DG KRF FRPPLWWHBVLUHRR QXX 0 LFDRHS YW\K iV B WKRHEOCSH B HDQ G Z U |
1IDWLRQDO 6FLHQFH )RXQGDWLRQ JHORW W RR\ | X Q I&DR XUDROD/ARS
LQYHVWLIJDWHG FRPPHUFLDO FOR X @LYMG BWK H QBIRDGI KR \D L
IXQGDPHQWDO FKEQEHWQNERYDPRUEREXVLQBQY SURFHVVHV WF
FRPSOHPHQW WKHRIILRWW EKM FEKQBBIQ AFRQWY RXU NQRZOH
RFFXSLHVY WRGD\ PDK\HW HE N FEODM! | FD® \DFG RVK\WD VD VK HY ROY H D
WHFKQRORJ\ SURXGHYVHW D'\WIMHF SWVP S\RRJWQ QXH UXHVWLRQV |

GLIJLWDO HUD

YLLL
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([SHUWV KDYH XQG BYVWRIRIBNVNKEHZ UWKNWXVWDLQLQJ D GL.
\HDUV 7KH JRDOWRR W.KQLG/ ZDNX GNKIYW GLJLWDO SUHVHUYDWLI
FRPPXQLFDWHG WR URYH DAUKEH ISHVW RMDRE MBS URK \EOMIDJ 7KH Uk
IREFXVHG RQ DFWLWLRIQDWO LKDQLY Q ULRQ/PAHTYMK KAHK DPWHDMALRR Q R 1 V X
LQIRUPDWLRQ SDFWMHBMWF K6 ,GD W X8 3W RD W HW KSIHIQQ $U FK L Y H
,QIRUPDWLRQ 6\WWHP 2%$,6 PRGHO 6MKDBQIIDEG GV PQJ PN HRMDIL
VWDQGDUG WK D W AFHRZRUMNL VRUBMMK N BRI GHROHYQW  7KH UHVHD U Fk
FDVH VWXG\ PHWKRBVWHR FO® ¥ZRIZ FADKDI RIBDRXL] B ML FEGIDH | |H F W |
FRPPXQLFDWHG WR UR Y H DMKEHIHW VL RO/ D I KA QWK &N FR Q G X
LQWHUYLHZV IDFH WR IDFH VXUYBG JRQIUQ\PHIE \B RGADKA IDQ NRW L
DQDO\LY 7KH UHVHDUFK GHYHORSHG KRQG HENWDUM BNPWWIYK K
DQG VRFLDO QHW ZDROUN DV WW X GMVROIGIG HIGH ERFEBIKQGDWLR Q\
IRVWHU ORQJ W HU® VIWLHAXW IY D @I & @HRWK M Bl U & QWR\CRMW RW UR Q V

SUHVHUYLQJ .QIRZD B GUUH YWMDO 'DUN $JH

7RGD\ PHGLDWHG FRPPXQLFDWLRQV DR G LNQRDOHIRIP B Dy
WKDW KDYH EHHQ BIGREWWRBFEH VO BREDMW R X JIKOWRHW PSOLFDWL
GLILWDO WUDQVIRUPDWLRQ KDYH EHIHQVVIWS®IFMG PID'R © FAVD E\H
XQGHUVWRRG IRU HH QBIIU@AWL RQWLW RIFMRP® SDSWHHP32Q &RPSXWE
1IXPEHUV ZLWK DQ $SSOLFDWLRQ WRRWHKGE DQ@W/ZF IGH 1 GW Q DV PR
VHYHQW\ ILYH \H DOHUD MR QW KUHD IVEHRZIWAKL KIDVDLOQ EDMIDV B G ERW

RI H{WUDRUG L QD BRWRGLS\WRARY ¥ QL VD IQHOMHKGWLIRND ROXQ@HPRYLQ.



LQIRUPDWLRQ VRXUFH W IURFO WK FHWLEEHK KZADIQ IN @ R \OWIU R N H
WKH WHFKQRORJ\ GZ®D VYW RQIE ¢ RWDZIGDRVWKD® LPSURDVLQJ SD
SHUVRQDO DQG R UJIIRQL CKVD LY RIQDHH BBIBDRSKV VD R AMKIHWERH Z HQ Y L
'DWD VWRUDJH K DDA EWKR FSHU HDH/ IRHKDW RSUODXIRP B WHIGFAKLOH G D
SUHVHUYDWLRQ KDV EHFRPH KD UG HUQBHFQXN H QR | DVE K M/ WIDRAX *
'DWD VWRUDJH D QRX @DMDWIZRHYHUY BWILHUHQW FRQFHSW)
RQ D 3SODFH' VXFERKLOB SUWNHUYDMLRQIGH QW FOFWXPDQ EH
6WRUDJH UHOLHYV KHDW KO WRIOW R ERRXRKN G U DR L\QWARRJHH Z D \V
LQFUHDVLQJO\ VPV GOINUFGIINYROKBVVWRUDJH PHGLD HYROYH G
PHGLD RU ILOH IRUPDWYV = ELWV DRIPN HGL 1 QWD & ROP\G 8 M LIDI'OIRV
DYRLGDEOH EXWDR@OS URSHUD G D WIRHEIBMD S 7 HYUHDWOW LR Q
REVROHVFHQFH RD® EHK WHKWRFCPYCH/GL R SEYXQVE \K @\ LKLXDRADHDO
LOQOWHUYHQWLRQ VDR) ® \SWH \RW L GVHFYW \ELEBLMAN G IDYUDMWLLBRQ LPSOL}
SVWHZDUGVKLS  WHRDEDIEQWDWY IFRQ WIHQW DDQEG PWMRQHGQJILQIR
DQ LQWDQJLEOH BRVI/FHAX ZXBRYWH RVW QH[SHQVLYH DQG EHFRP
SURJUHVVHV ,Q FRQWUDVW GLJUWDFR®P\S OB VE UIY HEEX D@V DR
PRUH H[SHQVLYH WRBIMXNWRLHGYRARBEPSUHVHGYDMULRQ LQFO X
SODQQLQJ UHVRXDFIS O DPORFDRQ R BIHERG N UYQ® MRHFKQROR JL
HQVXUH WKDW GLJLWDO LQIRUPDWHWR\QL RO F ROQVELRXDE O Y D GX |
7KXV GDWD SUHVMWKDPMWGE R QY U i HX GMFODL WBHGE RVHEI RPQ VWD Q
PLJUDWHG UHJXODAULONK Q@ BPPRUWR@EDRPAPRG® WRINVZDUH XS
7KH FRVWYV DVVRFLDWHGLZLW R S D@ WHDUD\FWR KDQYRIUEHRIU S

GXULQJ WKH HDUIL\WH O UNUPRIQW KRHU B DWW IRQF KHRBZBWHILS SLQJ SF



DSSUR[LPDWHO\ WKH EHJLQQLQJ R I UMKH P]LDOMLHRIQ WK &L WRKF |
FROQGHPQLQJ LM/ WH®I GMRUN DEH" .XQDW URSOH GRHV FRPPXQLF
KDYH LQ GHYHORBRQY WEKXFMW K VERBRGLQJI R K H HAERQUALE L O
PHGLDWLQJ VROXWLRQV IRU SURPRW D@L BRDOWEFLHH GEBLVRXQ
LPSOHPHQWHG D GDWD PDQDJHPHQW SODQ RUHGKUUW RHMF R
LQQRYDWLRQ E\ RSHOQUEK GAMD \D \O R REBDMDLR QROVAELHQFH )R
7KH 1,+ UHTXUUWHSDM G DRIGODQ WH BREVIWKHILKIH RI 6 FLHC
7HFKQRORJ\ 3ROLF\ Q8 X R HGGL D HFFFPLROUDHH@F\K Z)LHAGKH B B B US
PLOOLRQ LQ DQQXDO FRQGXFW RI RISVH 30ODIQ DAFG VH{S S RIGW W X
SXEOLF DFFHVV’ 2IILFH Rl 6FLHQFH BQ & WD BRIGORIGRG L 3RWD P\
HYROYH WKH\ DOWR QB SIGGW R HYGRISEWL DK HWIHPKM B RPDRDDQBH EHW
LQGLYLGXDOV RGJW®H]DPMWERQR CIRY \WLRV WH G | H.WRPXIWWLLRFQ
5HVHDUFK KDV VKREQSWKDW QWK HIDHEMIVWILYHH WWARU RE@\IW L
SUHVVXUHV IRU IDBXOMADVEURONWKVISRQIDUH H[WUHPHO\ LQIOX*t
ZD\V PRUH WKDQ VELRE WKH\ ZRUMNLHROH %W IRUHOYRP WR VKDL
WKHUH QHHGV WR EH WUXVW DQG FRFARQLQ DMK IFRD WR WKW
LQWHQGHG $FDGHPLF ILHOGV DQG %0 W XUIHAL RQIZOMDWD R QK Iy
LQKLELW SDUWQH WWKMSM V 0DUR YL@ B AVEXW EF HD PR M/ DI W
UHVHDUFK EXW WR TWHHM UBFXOWFKMRK EXLQE DAGHIUIWHVHDU
3URIHVVLRQDO U@ ®XEW DWE RN DSOXEMLG/ KR@IHUHQFH SUHVHQW
DUH ODUJHO\ GLVFLSOLQH FHQWULF HOMFEQWQ168HDXRICU HPHI
VRPH GRPDLQV H UHWFKBQFRWKRBVD WHHJIG DILWAD O OARZX VW DL Q

FRPPXQLFDWHG EHWZHHQ GLVFLSOLQHWDQGSDHVRVYY DWLRQJ



DUH LQ D IRUPDWQ DM WXWDVBIL QHGLSMDD FWLFHY UHTXLUH IRUPL
LQIRUPDWLRQ ZLOO EH SUHVHUYHXWEZRB ZQW K WDERQ\R Q \D {5
VKDUHG FRJQLWLYH H[SHULHQFH LR®VXIUQ FHQHD WRY T K ANOLVI
RQ WKH ZURQJ VROXWLRQ 0DQ\ RIOWKHRW@WLHQ R D D H W MFLXAX
SDFH RI FKDQJH GRHV QRW OHDYH PWER QWL P & RPR XQHLIFRDMLLDRAD
FROODERUDWLRQ |IREXVHGVRQ WLKHOV W RXBY WY DRIHY BVEKG WR SU
LQIRUPDWLRQ IRU IXWXUH JHQHUDWLRQV

(YROXWLRQ RI 6 X®WOHIQMYELARH '$§ QIGVIHVSRQVLELOLW

,Q DQ LOQWHUYLW® ®\L RIU BA R ARKI\ RSULIRG R VAWRIWEHNS QR ® H U V
GLVFXVVHG UHVH® WBKVWKKHFRHUGE XHFIBUEO V R P M . QUKFDQW KV WH QW L
WKDW ZHUH QRWRNWHMO $RWHLVLOWUQJ KLV UHSRUW ZLWK WK
SODFHG WKH ORJV ZLWK DOO W K/ SIDWDIW R QS D RAVKHHFON 1LIQI W HWA @
UHDOL]HG WKDWOVRP H RV MXULFKHADW BE WD QBYX YD@EIGQJIV  +I
HDUOLHU GDWD \WRVVIMQU K IOV WK QU HNBFEHIDAKE K HRIXG G LILWDO E
KDELWV WRGD\ SHUPLW WKH VDPH VXFFHVV ILIWHHQ \HDUV Il

8QWLO WKH HQG FRI QMK W ZJHHY\W D kB KHWR/F U M @ LEHDG/ M 6 RRQ
WUDLOV RI ORJ ER®RW \D QFRK DIRW V Q BLDWK\DOFDID\ QWD HQMG W K H L U
HQWLUH OLYHV H® MPKHL UHI B BV L YREDFENE ARV 8 XY HRSH UL P H C
LQIRUPHG UHVHDUBK \H D UVP OBMUHIHEH/UMA K DIQGBOER X [URP &(5
GHYHORSHG D PHDQWWR X&H ,E\SHRWRF®W 0D PIQWI ' ®RHUYLFH WF
D FROODERUDWLYH VSDFH %HUQHDVZIHMVHWRBLVE®E WRN K\SH U:
WKH ,QWHUQHW DQG SHUVRQDO FRRE®W WU R QWX-HYAHEY N DWR. @

SK\WVLFLVWYV VKD UH \DVORUW & H _FRORAELMNED MYHR O\D E& (51 6LQFI



FUHDWLRQ RI WKH ZRQWG [LGH :HIEUW DHRHBQEK HKIDWLWY RO Y HC
DFWLYLW\ ZLWK ZHOO DFFHSWHG SUDFWLFHV DQG SURFHGXU
GLJLWDOO\ EDVHG DFWLYLW\

,Q D 8QLYHUVLW\ORIBR® MK QB BR BLRICCRIMNM WG LW FR Y |
FRXOGQ W UHDGUFRPI@HKWLFE WDLS\HWJ ODQGLQJV RQ 0DUV LW
XQNQRZQ IRUPDW K KNG QWRRWW D FINQGRKLUH VWXGHQWYV WR
SURJUDPPHUV KDG $ L9 GOROH O H/IDWL G %6/, W R DWVUK RASRIOR EDFN W
RULJLQDO WDSHV -HVGDQXQ RS WKH WQHRDV QLH 3 [BRPWOD \
GLVFRYHUHG WKDMUWKHUB\SRY VILEBLRAL 18 D UM WHKDWFK KDG QF
7KH JDV HPLVVLRRRXBKM Y\LR XEHOV VWP S DA WHK B RAKVHFELOAWDU S D U W
FLUFDGLDQ UK\WK P LVERKDWD E® K G\GR EBH) LRV X\Q BM/ ML OKLY WHD
IUDJPHQWYV RI WHKH RERBDW LI)JIGCS BRRV \F AL KIKY W KEHH M@ ®H V
$OWHUQDWLYHO\ 8QANE®GYLWY RHQEDYHKIHHIHWRIV GDWLQJ

1V IRU GDWD WRVFEBWHDERXK H@ANRKLOREDOLROUBXQGHUOD
7KXV KDQGZULWWHDUYDWR IFLRP E WWHODGD \E R W QYW EH UHD
WZHQW\ ILYH \HDUYV

)RU JHQHUDWLR QW UDRD W H D WNFK®! BRY REMRVKIIOEH O\ SDVV WKHL
FROOHFWHG ZRUNV R Q/ K\ORUARBOWKHDUM WMV K DBEK GQWWULEXW L
ERRNV UHSRUWYV WDSHRNXO ® WG W RENADK KW YHRO ORHD JHD UV Z
SUHVHUYDWLRQ DFWLYLW\ DV WK¥WNDRQFRU SR QB W MG HWS UL R BVR
DQG SUDFWLFHV KDLWHGITWV EWHY MOWDEH® H BVKDKH UVFRUJD QL |
GHWHUPLQH WKH LWDIDX HLRIHW KL [)EGRIYVG\CDQFHD E DW KIPLGHOLQ

7KH GLIJLWDO DI ¥ DWIVRY RIUHWMDIRUK ZWURQORVZ XQUHELC



ZLWKRXW WKH FRQGJMRWVEDUE ZDQG BHE EH WKDE FHD® @RW EH
)RU H[DPSOH WKH YDOXH RI DQ\ GDWD VWRUHG RQ $SSOH (
KLJK WR VRPHRQH LEO RAKGIHHI R R W\RGHRL BMONME ®DWHG IRUPDW
H[WUHPHO\ GLIILMKCHNY\D R X+ WIDEIORXW VRPH GREXPHQWDWLR
PHGLD ,Q PDQ\ FBIVHD URRBU WRR G I2ZAKNDW LY HR@ LW KNHKH P H D
WKH GLVNV LV IRXBQWWWHBE LI QBRI VW DWRGRIIIWXH RUJDC
SUDFWLFHV PD\ I¥HRRYHWUL GKIRMMRBUV6RBH BHWHBXEORXYV DQ
WKULYH LQ WKHWKDRWORRBYNBRMIB WKDW WKHUH LV
GHPRJUDSKLF EXOJH RI HOHFWUR Q [DFQ BDDWHAKLLY®IYW DR/PWE
%RRP JHQHUDWLR @ RG DXIWKRENIDQ LR FIDQG BIRZ @ QWK I H
RII ORDGLQJ WKHUUFRPOMWGIUELDDYLWRYQG DEFKLYHV
7KLV EXOJH ZLOO SUREDEO\ LQFOXGHVFXILEH® ELW RI SL
6WDQGDUG DUFKLYDO DFW DYQLGNWHN\D LYW QB VEIOHYV SRIGILEQ
VXFFHVVIXOW®ILYMND @ MERPPRILFD \U LRIQVOODYROH GHYHORSL
PDWHULDOV D QGLHVPISROL PO & MDUNDHNEHEEKDLFQ HOKRH WR XKWL R Q L
HGXFDWLRQ DQG DE R®WE&HUNRMKIQRORDYRIR G K XKD @ FEHHK W K H
LQIRUPDWLRQ EHQWIRWVILEGOAKR\VIO UG WXR) HF RAOKIFW R KH LP SF
DUH PDLQWDLQHGWMRRQN'W %HU JH Q KLIDH WDEQV U RDRW BUH VW
RULJLQDWRU LV HIOH/BRIOR/Q EDAHS [ BIHIR UL W L] DMW R RV %W WKH FI
FULWLFDO WR X HWNWYVGMDQWDIHSHBYVAKYDWLRQ KDELWYV 7Kt
VRFLHW\fV GLJLWDOLYY NQRZEBHGUE JODRRRUGGENSBRBE EWMKDYLR

DWWLWXGHYV



&+$37(5 %$&.*5281"

&ROWH[W DQG 5HOHYDQW 5HVHDUEFK

3DVVLQJ 7KH +XPDQ ([SHULHQFH )RUZDUG

6LQFH WKH EHIJLQ®RIQ KRPBRYWLRORYMHVSDVVHG NQRZOHGJH
JHQHUDWLRQV WERW XVWRILQ LDHV R FIDFWKQIGIHPH@Q WD O IRUPV LV
VIPEROLF H[SUH@VWLQRWXR WHKR®D 6DSBKLOGUHY OHDUQHG WKH!
KLVWRU\ [URP WKHLU SDUHQWYV DG®IG W FRQGSOE KEWRM ¥ X3P
VHHGY DQG KXQW IRGJIRRGV ZON WORIOMPLRQHNVRH QY KH QH[W
RUDO WUDGLWLRQV $OWKRXJK WKH. FOHW KRG VAW HY HHF WAL K H
SDVVHG IURP RQH JH®QHADDMWUL R QWUR B/KHPE QNERT W R Bl SKOE LW\ W R
$V D FRQVHTXHQHHFRMS OHPLWAHRS KW LFQG URO.®\GLDQG DEV!
JHRPHWU\ SV\FKRORIY WR/ R KN VEUHNXSFLXY K DRV B RORMG EH FRPP
PHPRU\ 7KH RUDO XVULDFG HQMR @ R /W SRV WF DOVWRUL FRQ FH S W X
VWUXFWXUHV $V WKH RUDO W UB G L @/IRRUP DWW IDRXY IE\R X R @ HESH W/
UHIHUUHG WR D QG GHDWIV\W GRIQ R\PR RGO € H KM PREBIHWY LR Q R
LQ ZULWWHQ IRUP GIWRZDXWY ® VY F XA QS IDHHD B BRISWHRS WKHLU OL
W LV TXLWH DQ LOOXVLRQ WR LHP\DUH QW LVDIOMW RQWHK B %W X
ODQJXDJH DQG WKBW\®MIQURBIBHYWIHW RISBEVIRF SEREO!
FRPPXQLFDWLRQ RU W HROWRW LFRIQV WKK IDFWKDW WKH UH
HIWHQW XQFRQVFLRXVO\ EXLOW XS R QLR KH R IDPIXIXIHI K ¥
HYHU VXIILFLHQWOQWLGH OHE DWR WEDEBIHWRIFLVD I0Q U HADKOH. W \
ZRUOGV LQ ZKLFKH3L OHYH @W H/ B RYMAE B BWOARVIOS VDO H Z|
ZLWK GLIITHUHQW OBESION DOWWOAKEDXP S
/IRIDQ VWDWHY WKH ZD\ ZULWWHQ OD8KRDRH \HYWRICPYDHG. O

DOSKDEHWLF SKRQRWLG LQ WHHTXMWDG VGNUIBIKWIORQ DQG DQD



FRIJQLWLYH VNLOOV FUHDWLQJ WK I RSPH QW GRA HREM H RW G X LC
GHGXFWLYH UHDVRQ MY W HIPN MV B HS DROBKIDERE LWOHODL.®IG GHFRG
FRPELQLQJ FKDUDFWHUV WR IRUP SKRQE®BVFBQ 6 HSKWR\Q H PRI
FODLPV WKDW VFL BDQFH HQM RW L BEIBUW GLH FHDXWGIVWVR L KHLU DC
HIITHFW 2QH IDYRYIVEG HR F KADKUHD & WHHWNW\N HPR U 'R JIDVSKL W KR X V |
\HDUV LW FDQ EHSHRS® I\ DWHLMB B WU HPWH GAKGILPIRGHUQ UHD(
XQGHUVWDQG %HRZXO|

7KUHH WKRXVDQ GK\H D4dDE DIRQ IQHD & [WWQ \R D 8IDXIN HFEL WR Z W
LQVFULEH FOD\ WHR RSIHW KHQ DWSH R-EIMB IR WK HV(ASWLDQV ZLW
WUDGHG WR WKH Y3HK@WN QD PADQA/R BEKEVWFKUHWHS RI WKH ZD\ W
ODQJXDJH ZDV LPSRRYBSKM URP GR FREANUW B KD/ IKRE HVQLDFOD O SK |
‘HVWHUQ (XURSH DQUTKOLEGQGRHOMWIM RI KXPDQLW\ JUHZ 6RF
RUDO WUDGLWLRQ PD\ KDYH EHHQVWRUGR QW HI0 DVR L WD S RN LE
KLV GLDORJXHVY BDOWRYMVBKBRAGDWWY ZDUQLQJV WKDW WKH

FRQGHPQ KXPDQNLQG WR D ZRUOG ZLWKRXW PHPRU\

7KH VSHFLILF ZKLFK \RX KDYH GLVFRYHUHG LV DQ DLG Q

DQG \RX JLYH \RXU WK VEKSORE Q RWMKWHUICKMAKE ODKH\HZRO O E

KHDUHUV RI PDQ\ WKLQJV DQG ZLO @ EXPHBHUOW R LEHHRBPQR W

DQG ZLOO JHQHUDOO\ NQRZ QRWKLQKD WKH\ WIKGIOVER AVR L

ZLVGRP ZLWKRXW®WOW WH UHRDHWW S

7TKHVH ZDUQLQJV LROWHVEDGRZOQVVPW R GIDNHFER RQY PRIR RWHN
&DUU '"HVSLWH 6RFUDWHY ZDAUL@LGDW Z JIHWW H Q XXRM G Y
DZDLWLQJ UHGLVFRWIHROD VPO RQWHHIQ HIWEDQ L RY WKW IGHVKRERSHDQ
5HQDLVVDQFH ZHURMYHURSOY RIHGBK VBGVUN QN PRY&® SUHYHYUWHG 11U

*UHHN DQG 5RPDQDRUHIOLED WD RER @L F $AK WEKHK ZWWHWLIEH) SURF



LPSURYHG VR GLG FRPPXQLFDWLRQ MNRREZQHWEIH JWHHIW K7 B ¢
ZULWWHQ WUDGLWARWLDM PBGLXPRRMEXREFBWRRQFKDYV ODV W
WKRXVDQG \HDUV XQWK® WEHEWY LW IFRQW XU\

,QQLV GHVFULEHV WKH LPSDFW Rl WKH IRUP Rl FRPP
SROLWLFDO RUJD & GHGV IWKD W M KFHRAMHBLLADMLLRRD FH PR VL] H V
VSDFH RU WLPH E\ QIDWRR B W KIP\8 LUPS/K B VHL | H. F/ISSDFW O\ FRP P X
DQG FRQWURO ODUUHSRSREB WV ARQ DAMXEKHN \WR 8 WAIQXL WA FRPP XQ
WKDW HPSKDVL]H WLPH OLPLW DQCHWXIH B Y \DHEQ W LWH QWRH F B
SUHVHUYHG IRU IXWXUH JHQHUDWLRQYV

7KH FRQFHSWV RI WLPH DQG VSDF D WR 0WFWQWN KDH G/ILD QUK

HPSKDVL]H WLPH DUH WKRVH GXUDE G D'Q DRX® WRMHHU \0X

WKDW HPSKDVL]H VSDFH DUH DS WDW R FEMHO HWAF K YDU/D & D S\ |

SDSHU ,QQLV S

,Q WKH HQG KH FRQFOXGHV WK DW RQW L\@ X 8 VALRNK EH W& IZ DIV
VSDFH 37KH DELOVWWWMR BHYRORGSQPKH BL DY RKIFFRCPXQLFDYV
EH FKHFNHG DQG DQ DSSUDLVDO RPIHWKIHQ VE H QULH DFX® BHURIPDS
SUREOHP RI HPSLUH DQG RI WKH :HVWHUHQ EAMWNL Q PRLG/L DW H G
FRPPXQLFDWLRQ FRARZIDQ)CH B BVIRF M KPLA $VQ IZAJD W/IMRH)Y FHRY ROY H G
FOD\ DQG VWRQH WR DS HPSL DP/ STRSRQ G DHUILHNLBOW O\ H[W H
7KH QHHG WR DGP LG D\DWHH UD @ & UFIRMINARUBRON WV I IRJ & B JHKI [BEHH W W H U
FRPPXQLFDWLRQV WHFKQRORJ\ FRQWLBOXWY RORLDXE SR UGL 3 V&
LQVWDQWDQHRXVY +RZHYHU HYHQG QVQIP\H AFIR\QEVH. &/ HHHEWLLQR © \

OLJKW DV VRFLHWSH WK JWRR ®WOHKL WK KLHVE LQ HAHE/E WDIBEHHHY W K H

LURQ\ WKDW WKURXJK DUFKLYDO HIIRUWY RQFH WUDQVLWR



DQG GLVFRYHUDE ER X QGKPNGLYSDEH @ RZUDBW K WO\ @/H UR X J k
VHDUFK HQJL QH UFEKGE YGM'L VGBI HO S

7KH WUDQVLWLRQ WRQGDIR MPWDIOQWRK B R JH LW RWAKRY D\DQ G
FLWHG WKUHH FUVLWHKW DK DRVMH Q § WKW & UM LQTW DKW KH HY
GLJLWDO IRUPDW SODFH LPSOHPRIQWK DQH FCD/QH H GDDL W KO
RI WKH GLJLWDO OLEUDU\ ZKLFK HERWWY RZ FHEHBW B IVKH D) @
FUHDWHG RQ VRIWZDUH OLFHQVHGVEUYHQ & RIRWDIQE WKHR OH B
'LPLWURYD %XJHMDKH IXVBXUH @L@R DRMHMUELRDZQ WKH *GRF
3K\WLFDO GRFXPHQW GHBRYSMWRWLGIN MFURVYV WKH FRXQWU\ Z
,QVWHDG GRFXPHQWY DUH KHOG FOQV L @/H I/\d UPR-QUNH QURIFCHAAL
LQIRUPDWLRQ WR UHVHDUFKHUV R VS RE EXAKLAHVERWE 8§ QOR U
\HDUV DJR QML BRKRGUVWLOO E D \L QQURDG\DE DEU IIRWLADMW WM R\
FRPSDQ\ ZHQW RXW\ RTXXWWQRYV IVRFGWEMRXWQ ZAXOFE DQG \
UDLVHG 7KH ILURIZ\OHYBEGUEDDQVDOWLEOW HI\BWGHG WR W
WUDJLFE HY HQ\M ONRH V BRI W © S BRFLHW\ FRQIURQW!
UHFXUUHQFH RO WKUVFR Q V1H)X\L R JRKWER 6 ORQ L VBEDIQ YIHI H Q W

,Q DQ LQFUHDVLQOG\ BLIHWWNHE&IXRUMXVW EHIXQ WR GH"
VWUXEWXUHV WRWIR|SIE TNV R & LY GINY W3 RVOLG-H @ RBRQVE VI L W D O
LQIUDVWUXFWXUH KQIVYAHU R P 5 DHAGY BARIZD MYGE Kl HECDAWWD LAAD Q W K H U H

WKH DPRXQW R LHX3 RALDIDW\L RQSIWRM DWRRHW WH HLVWRUDJH F
DYDLODEOH  ,'& HWBQDWUIREADQW WD &RUSRUDWLRQ HVWLF
ZHUH H[DE\WHV PHJDE\WH JLJDEWMMH L@ WD EWDH) SEWDER

WKUHH PLOOLRQ WLPHV WKH LQIRUPDWLR® LQ ERRNVWLYRHDUNZE



WKDW WKHUH ZHSHWD EMWHW DHIDENWH JHWWDE\WH DQG WKDW
JHWWDE\WHV E\ (0&H JURBWK LW GH IHWHRDEWLRQ RI FRQC
GHYLFHV NQRZQ DV WKH ,QWHUQHW 8 SAKR[Q P\D WIHIDG WE R UW K(
WKH GDWD DUH FUHDMWHGEEWVNRGV®PHWELEDWY\H[RVW ORQJ DI\
WR RSHQ DQG U H DOSY DW® DAFFOHW H:EWW RUK IXWXUH LQ ZKLFK P
VWRUHG LQ PHDQIQEIBBUY "THXRNYV GG BIVWDBEGLRURKD FK R XU
GRFXPHQWY XQOL WD GVKHRINYVRIDIR WKHRKRIRN REWRWRWH Q \HD |
KRSHOHVVO\ ORVW WR IXWXUH JHQHDDRLRRON 7KW MDHF IOGIRSC
GLJLWDO |0ORRGHV)L BO®REIDYHV RVR G D\
‘H VHHP DW WLPHV WR EH OLYLQJ lQQuHSIRW K8 RE Hi R WIRH AR
'LWKLQ WKLV K\SHUEWR QRIFWHFKLIQURROORPI L \H B SIKIRQUN. Y DY WH I C
ZHDNHU FDOO DPROQHVIVQLIRYPOW LRG 5 UWARU D NVIXYIWDERX W
LPSDFWV Rl VORKD RHHW REOKVRFLHW\ .XQ\ S
6WLOOH DGGUHVVWGE FRWOIFPMURY WHBSWEHW. \R Q- PQ\E XLWHVD Q !
2QH RI WKH JUH DV ILRURRDLVM VR DAMWAK IHV OMRADHVW Z K IQAOVH. H W K
ZLOO XQGRXEWHGO)\ IGDWHD UMK R Q @OHIE RAWK/R $\H LMR &L O O
DOPRVW FHUW D LUQHO b KIRUHP IR I RVQ P\RKED B VW XU HSRL@ BX \L B
E\ WKH $UFKLYHV MROKOMBE® W K B MIDSES U R\ LPROX\DHEOW D N\ H
WR WUDQVIHU WKHVEPBFWGE R L RO QRRR WRLIOUD SIKX/G LYR\E BIS H V
PLFURILOP WR D PRUH VWDEOH IRUPDW 6WLOOH S
7KHVH UHFRUGV @ IRQF HE WV EHY IDWMIHHEHWHUPLQHG WR EH R
VRPHRQH 7KLV SHWRRQVERQD® HHABKE WMWK RMHVRPHWWOH E
,QGLYLGXDOV FUHMHFRQYS VEKIHD (& WEWLEQBDWHRWHOHIAXSR QJ WK
ZLOO ODVW LQ WKH KDUVK GLJLWEBVHDLYQAO RHAHQWR EFRVPWLW
GLJLWDO FROOHFRUL BQW V HWYWIRXI BWWR\D Q FOU FAIQILWKL DV WK H'

DOORFDWHG WR GLJLWDO DUFKLYHV



2QFH WKH WUDQVLWLRQ IURP SDSHU WR GLJLWDO IRUPD!'
PDLQWDLQHG &RQZ®G\WKH SI@D O HWVIPR/QlI RR PP AMXUHD HBD\ WDEC

& DQG GLVFXVVHG WKH DFFRPSDQ\LQJ GLOHPPD DQG LURQ\
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JLIXUH /LIH H[SHFWDQF\ Rl PHGLD WKURXJK WKH DJ}
«WKH FDSDFLW\ WRJUHFR UG VIHQW RUB@®HYGR IOW R PIDAH R WU H F R
KLVWRU\ 2XU FDSmARWP DRLRIOFRDE Q O EDBDV HRY HIJ S\R QP H
WKH ORQJHYLW\ RI WKH PHGLD XVHGHDR NG RTKLWE B HQW
7KH QHZHVW UHFRUGLQJ PHGLXP R SQULAD O LGHWNK POQ WK}
GLJLWDO UHFRUGLQJ VXUIDFHV WKPDZWH XBY HWIRDW B/RIG\H
VWRUDJH PHGLD PHH ORI RIXW/OHD YR/R\E YWWHRHIH B \WRNVGH BV K H
LQIRUPDWLRQ LQ WKH ILUVW SODFH &RQZD\ S
7ZHQW\ \HDVVDDMMHWKLWKH &' DQGNVDO PWHHG RIY \WRIG DG U Bl
OLVW 3HRSOH QRZ XVH IODVK G WFLO/RNWGRWWRAUDXG YW R BB JHR L
DQ HOHPHQW RI SNUVROW Q ¢ RAQVHUREDN MW QE O%HIDSEEDUD QF H
XVHU FORXG VWRUDJH LWVHOI LRX\ QG P HO\VGIDPLFI GUNV N

UXQQLQJ RQ UHGXQGDQW SRZHU HPLYWHWUBMWHBWHGCOB\UON & X



GLVNV 7KH SRZHU WKDW VXSSOLBW \BRH W \WRWH P H U Q HE XLQ/G
IDLOXUH GXH WR BDXWHED O LR/D KW VGV @ X B WXEHUILD IIJ O X FUD W
UHODWLYHO\ RSHROWRQWRUHDWQ BRGDWLRQV

%HUPDQ SUR M HIERADHQGV | R XBLH W LIIG@IQ 6 V WRIKE M GUW B LW D O
DUH EHLQJ FUHDWHG WK D@ WAKRHUMHYIBQERIRHIXIHD W RRKQRA WH T X
VWHZDUGVKLS DQG QLI ISW B ® HDAD PRIDRVG RRUDNBOF BDWY DUH GH
LQFUHDVLQJ FRPPHILFLD® |G DWDRQMRIUGIKL DG G VHWY FRPPHUF
GLJLWDO VWRUDJH FROWQ RXL B R SR O\DHRAE X RMHICHVN. [ZWMW W HQ R G
FRQIRUPV WR ,QQLVYTV FRQFHSW RIPXIDW HWRYFHUD QLR HD Z,0L WV
ZLWKRXW GHWHFWORG®IL[HG LY Q BQB MR FKPHOWWRFDQ EH DOW
UHODWLYHO\ HDVLR\ WK E YR QLI DERD®HABEGWHFEWO REVHUYHU P
FRQVSLUDFLHV WIOQWKR®D8 RRXQG PDQLSXODWLRQ DQG SKI
JUHDWHU WKDQ LIQPW®&H{ B D DW F H( Y. N RMBWW Q WAD@MGEIE ORVW ZL
VRIWZDUH XSJUDGH F&KRQWR@MW LFQURHIHB®R E DV DR R RSO HQ V X U H
LQWHQGHG PHDQLQRXRIGW K HP D JHRU ®Q GRLLG HOVXUHPIHQHUD WL

&RQYHUJHG PHGLD IZV VDKSXUHHIRPH@REIH LMPDD SDUDGLJIP W
ZULWWHQ RU RUDO 7KH HOHFWRRIEF RIYHRWD FNLYEDWD |Z D
WKHLU XVH Rl QHG PHBYDJILQF QR GHVWIDE WDWKN WR DWHDU RC
ORQWDJQH + R\ SYHKD B O RHK/NADHHG/ ESIGSKIRIV BBEWLRQV S
VRPH RI WKHVH BXWLIK@AX B B\ JKIM¥HH MWARWUHHDO \WRKQ WK IS FUV R Q L
DERXW WKH FDPSDHQ® D«RZ RN DFRQ@W W FR GIWTH®M WH(W PR
VWLOO LPDJHV VRXQG ZHE OLQNV ZMME RRALISHQHEP B HIKGNH\G FH

GLVDPELIJXDWHG SUHVHUYHG"



'LJLWDO VXVWDLQDRELORIVL ®EDBVERRYONU FRFDLEMWDKMAL SU
ORVV RI GLILWDO KI§ RIDSH G JSDEXHRIKBKWEZ DU HQD W& VRIWZD UL
ZKLFK LW GHSHQGVY 7KH FRQFHSWHGIHXOBNW YOWH D \F RIQRV FHR &
SDFH Rl FKDQJH ZL\WHKILRY MKIHGUD BWE OL § WW XWWWURQWDUH FU
,QIRUPDWLRQ VWRUHG SK\VLFDOOWR{LKRRWRAE W GHWYHVFHE' Y
ZHOO DV FUHDWH GZBUW KD B B VAR@M\RIH\B/LRUMI LRV DADK M XY WD L QD E L
DEWLYH HQJDJHPHQW E\ DOO ZKR V8 RVNFIKWQ R® R/J H [F0 WKIHY_K
RI FRPSXWHU DQG B$SOQFBEW LR RBUFRIRUOQBG LGN LLNFOX G HV
SPDVKHG XS’ LQIFRSUHRIPWM DRVWH W MKW Z RO W R QB\KREKR/ IREXO G
RUJDQL]HG" (DFK SWHVROQRFRA&W SIURE OHFN SFQWLEOKRU DFFR
XQGHUVWDQG WKH LUNWH"WHKHR KIHWWIRWE H3RMLGLRULHY VRFLH
DUH WKH IRXQGDWLURIQ HRDWRXRQXWNQYRZOHGJIH DQG KLVWRUL

/LEUDULDQV DQG H® FKIWHIVWAK KIYELOLWDO VXVWDLQDEL

FOHDUO\ SRLQWYV RXW IURP DRY HHWWK RFQIDGD 8 H\QV S HE WD Y HH
DUFKLYHY EHDU UWWSRQGIVKLGL W R/ BAD WK B FWHIDWRUZKR VKR
ILUVW RSSRUWXQLW\ WR HVWDEOHWDKW KB WXOUHX W RD W LMK LRE
DQ DUFKLYH DQG POHQYWDWYH GKIXY SEDBE RIDWKH MXGJIJPHQWYV
RQO\ EH\RQG WKH XQGHWVWWQ ®/KHR @G BARE VB ERQWURO DQG
5HQRZQHG DUFKLYLVW ODUJDUHW &KQRGHZR RW K HVE DWW H3 W H ¢
FHQWXU\ HIITRUWVQW R CGUHRM X ¥ 6 XRMHBVD\ KRZL 2B OXH MKDW Z H
VDYH PHHWV WKH QHHGV RI WKH IXWXUH’ &KLOG S

UHVSRQVLELOLW® IRDVWKDMHXHROQFD GLIIHUHQW XUJHQ



2UJDQL]DWLRQV KDKHQRW M Q RIPGI WREHFAKLH M D FQRW B S/SHYRIU
GLVFLSOLQHV R ILFRXSR| HWXEK DR/ YOH\EW B G LID@QWH U HV W V
RQ WKHLU SDUWLFEXODU DUHDV WW LLRLI\RW PF\W R B \R YWKUHDUGHO D®LH
HIIRUWV WR FRPPHUFUDOH U DWR QRRVBWHE BWEVHBRYHY WRZHY H L
SURFHGXUHV DQGVWH.IDX®D DO\ RIQVFRH EDO \X@H YIHIR SW® @ GD U G
6LQFH FLYLOL]DWVRQDEHRIVRIGXWWHRQ WKUHVKROG LQ W
HYHQWXDOO\ V@ UHV SREVH MR YXESO\ DQG GHPDQG 7KHUH
NHHS RU GHOHWWIBHFKWLRQFKIRWAGE CPDRNLORQSBRFHVY LWV
WR FKDQJH EHFDXVH RI WKH GLJLWBGWWRQNROFBWLXRE N O'\K
DGDSWV WR WKH GLJLWDO PRGDOLW\

*RYHUQPHQW RUJDQHQB®ILRD G DU MWIE® &K MDH\D DBICO YWD
,Q WKH /LEUD U\ YR OSRSQHIG) B\QVDRE L PH B RH.AN.@LUVE@LILWDO U
DQG LQ 1RYHPEHU &RQVXOWDW L YW HPR/P RL&BYSH H V' RXIHES D F
UHFRPPHQGHG SUDFWK FAH&R GRX@W DOURE S DERIP MDDV 6AN WRI P V
LQ DQ HIIRUW WR/BQBDWGE D® ,%XM SHDYFWHUWHBWR®O0 KDYH
FRQFHUQHG ZLWK W KM DOMRLRIQWRH UG SWH B VE B VA MHW \R IRU GHFD
VWRUH DQG VHUYUHEBWDF KR B (PDMRIDWILRQY DRGOBREUSR  (YF
WKHLU PHWKR G LIFDRD WIRWPS RGJDWH SUHMADYQ VBUREGE QMM EWLF
QHZ VIVWHP LV LOVWD COWE W KHFPRGIPBHR @) GRVOWORPLHOHY DUH
RQH VIVWHP WR WIXBGRW R FSW H@ IWF W MWKE M/ BAXDX\G DAX EXHY X FF H V
FRQYHUVLRQV RID\GRIFKH®P R@WMY 5D\PRQG S

:DOWHUV DQG OF'RQDOSURBRWHI® \D GMDVOUSBXWHGY®MWLR

IHGHUDWLRQ VLPHGEBUD/MORSWYHUZY B YHD@N QHHE LARRQMHDOJR: KHQ



IRUPDOL]HG DQG LPBOHE HRWAG HVRKEDED M/UKX MW WUIKMEMELKOLL V
WKH SHUFHSWLR Q DWKD MQ SAKD H ViR X RUHBSELYD\E (RO LSM\R IHV VLR QD ¢
FKDUJH LQWLPDF\ DFFHSWDQFH ZRWKRXMDWILEXQH MRS J\PHI@N
%XLOGLQJ WUXVW RRIGHIOWS B Q¥ LEMMRMWMRBRWLRQV ZLWKLQ RQH
ZLOO EH D VLJQUIH. FD[GW FXIDMDIOWKHWVHD WRBEDY ERXRBD ULHV
PDQ\ DGGLWLRQDO SUREOHPV *RYHDQPHGWRXQRR WHFKQRE
EHHQ YHU\ LOQWHUBY WKGE LLLD RRAH GHYWVDIAE KRHQUW WDBEXWLR VR F
ZKROH ,Q SDUWLBRQPHM (BZOITHDP® QL UHFR BXMWGDNVKH LVV
SUHVHUYLQJ NQRZOHGBUH LR UL WKW & UFHKMBHHHDWRRQRE®RSWHU F
DUH GHYHORSLQJ JXKEHO LQDHVL W &S B ODEKWMKHWRHQL]HV WK
VROXWLRQ FDQQRW @RIQ@N R Q@ KMHFK & & BRDBDLRIWHUQDWLRQDO
VWDQGDUGV WKDWSDREMHPEW LW RD B8 Q\QREWE ¢ LOR 0O G

KDW 'ULYHYV ,QOQRYDGWL\R'GIYIPORKHDBIDI JLWDO :RUOG

2XU DELOLW\ WR SDVM W Q RZ OHRG WHRE @A [KAQIHEOHID OVQ G
FKDOOHQJHG LQ ZDVW RUKIFW K 3V RHBEK ROF UBABRBEQHOX GHSHQ
GLJLWDO UHSRVQWRUILLHY DADKD W SRRREW BB HEI FROIWHIGR Q ) X W X
JHQHUDWLRQV PD\RYRW HK D Y FKD SRHXAR QDO WOKHRNM HHW ZHHQ 7
“HIITHUVRQ DQG -RKQK$GHDPLQ DDODGE DAD\YIKID \WGRGWGRQ RI Gl
WHFKQRORJ\ LV PG VEWKDYRRUHTQERXUZRYGW XRUHRQHQ FULWLF
Rl WHFKQRORJ\ /HZLV OXPIRUG

'HVWHUQ VRFLHWA XQVXBNMHRQDE @HP HHW B K.Y RIORK DRD D

DV DUELWUDU\ DV WKH PRVW SULRLMMMHWDREORR QUR\R @ I

FRQVWDQWO\ WRFBWHQ RHHW WHE K R &R WM R TVXOQUG\QWE KK GV R

QRYHOWLHV XQFE®GEDWYR QDKCH \ DMUMAY B/HI VA HHFON ZNLRV MVROH L U
FRQVHTXHQFHYV OXPIRUG S



7KHUH KDV EHHQ BL®DWK IRIULGHNYRVQOED WRBPICGHWR WRDQWH 7 )
VHPLQDO SDSHUWE PERKKNKW KHI RTKIXYJ VO B I KLHITHK H Q F H
DQG LQ IDFW DQ\ FRPOSXW B B HE M H@ X HoQHRH U VER
WHUPV RI VXFK D \EDHOMR« [\ LWQIRDVVLQJOH PDFKLQH ZKLFK
DQ\ FRPSXWDEOH VHTXHQFH  7XULQEHG Z BV MWKHOG D WQKIH
SXUSRVH FRPSXWH U D SKILLD B8 H\KFALICEIA Y W\K HZ B R UDOQG DVER @/ UD F W
D PDWKHPDWLFLD QHDIPMKRIMD W Q\QU WIKFLHZ RW OZ® D \E UL MW HQ
LQQRYDWRUV WXUQHG KLV LGHDW L QWDR) \UWDD DWA RFPYSEKIW /K HD \
SRZHUIXO FDOFXODQ@RILIKWQOQ BLIIEGY XQGHUVWRRG WKH ZLG
GDZQ RI WKH GLJIFWROSPURED & ON EGDWUDF HEK\WM RV WKAHE VRU W |
ODXFKO\fV (QLDF FRPSXWHW SQWWDF @ $X DS RVGIHRDP SXWHU W
EH XVHG WR VRO YSUREQ@HGVI | HLRHUHVLPSRUWDQWO\ LW PDUNE
SXEOLF VDZ WKH SRZHU RI FRPSXWH 8YHRQ \DED B G HFSLLRRD DK B
WR XVH LWV FRPSXWEHFPWR N QFKED\RDWGHBWH 8QLYDF SUHGLF)
ODQGVOLGH YLFWRVN QKR ZHWB VG G WBNOLIHYY QHBWEHBIWR DLU
UHVXOWYV ZKLFK WXUQHG RXW W RQEHK®H V&R Y& DQJ Z RIRG HRIDUGR
HPEDUUDVVLQJ FRQIHVVLRQ WR PLO ®IR D FFXIUDMHZ ISWW GEE MM
EHIRUH EXW & %l6WKDG QVWHD L U HS3U HR QG B Q I WZIQUHNDVHE BVH.U H
XVLQJ FRPSXW HUHDIHDOA@WW RISWIUHG
'LIIXVLRQ RI ,QQRYDWLRRIHEY WK HEORY H[I$ DIQQOHDUQ W
VXVWDLQ RXU GLJKWDQ QIRRI\GHRBEQHUWE B HOH @ XOMVDEHLS SUR Y H F
HILVWLQJ WHFKQR GRRHIHW WISISRULQRVE K HV X BWNFSWHVHQWHG

ZLWK D YHU\ REXIQQYQHOIHB R G WMWUHXWIRFOR R G LIHWDWLWH DG



WKH IXWXUH (D HON KROWRS WKIR X @ 6 HSWRESRRR/E WWLKRHQ YAIDIOW KIH S X |
UHODWLYH HGJH RI D/GIIMOA ] LKHIU K X\IRHI REUDHA D P/SHFEY B LIEFOP SHW LW L)
IRU ODUJH FRUSR UHQWVR) V TKHG FRVSO BOLMQ WDQ GFRRPSDWLE L (
VLIJQLILFDQW EDUULHUV WR HYHURQHY HOWR L PISKUHR W H FOKIDR G E
GLJLWDO WHFKQRORJ\ PRUH ZLGHOWGBRY\H QY RKD W DR G Z D6\
VRIWZDUH FDSDEUHMDGWPBQ GWRRAHRWZWUG WKLQNLQJ YLVLRQD
DKHDG RI LWV WQMD LD UGS RHMWHAU GBQLRRHOV VVFEBRWHG

'KDW LV QRZ GHYHGRSILW\QD FHUWUBGSRBD HHEBO\ BHURWLYHG

QHZ QDWLRQDO LQIWKPWW ZRQ OX W Q O\FW REWKE NV & MEKHH W H T

LQIRUPDWLRQ IORE RMRRQIDXA\Y LRV (BN & \RAV ISHIW \DR DD U V

S

BRPHWLPHV KDUGZMJHVIVNQ E X\WR IWRPLLHW\ GRHVY QRW UHDO
LQWURG X FHGHMN VF RIRBWW MWD E B ZWRQIW. @ X FFHEXGWX QW LO LW L
L3DG ILIWHHQ \HWUR HV/D WHW KORIFGZHI U ¥ WD @ @ OARWRZBRIRMS H W H
RUJDQL]DWLRQYV HRRJ[M \E D DRHMYW R, 5GHVHDUFK &HQWHU 3$5
JUDSKLFDO XVHU SHUWWHRWDIDEH RBSXWHB$HEKH $OWR GLQ
HVVHQWLDOO\ JD@WHWIOHEWXDG,SURSHUW\ WR $SSOH

7KH $SSOH ,, SHUVRQDO FRPSXWHU XBPM® QD || R U GIEDHHO|
LQFUHDVHG SHRSOMHRX®GE 5HQ® RQOIGW UW VYW RPSDWLELOLYV
QHHGV 7KH LQW HQ HIF MAR ZEHU P RWHVIK Y BIR YIILQH EB®SDWLELOL
GHFUHDVLQJ FRPSOB[MAVLFNQ@LQ LOWRRSHABG\OKLNHMDVRIWZD
$SSOH ,, WKDW FRXYQG LD XD/HEG EXMHEQHU D FRPPROGLWRDOO  ,V
VSUHDGVKHHW PHWDSKRU WKDW LV XVHG WRGD\ DQG LW ZDV

VRXUFH’ 7KH WHWDR MNRIOOH BBV HEZ RQ WKH ZD\ LW HQHUJL]

FRQVLGHUHG WKHDADOWNWDBE\WWLERI WHHFNOLQ 7KH SUHVVX



LQFUHDVHG EHF D X \8HH WW W IPYSHUGRHY W\GM IRIRIPE XNDLVQ HW R HAM QLD W L Y H
XVH DQG LQH[SH®RN WYH. DICFCERLFOLIW \V BB OUNXVLQHVY WKDW FR
DIIRUG D PDLQIUDPH FRPSXWHU LQ WHKRI W KN VAHR XOUG DQIRID B WL
FRVW DQG DFFRPSOLVK WDVNV KH UB@ROR]WHHPIRASR GDIVED HP R 2;
IOH[LEO\ FUHDW LQG YOD B RWDSIHHWWL R/ IMYKAR K/ IHV ZIKRR) PR $W PISH W L W R
TXLFNO\ RU EHFR®H PORNHQDIODLH T XA 80 J LDAGIRG W/HE KIQ R O R J\
HLWKHU ULFKO\HWHZO\USHBL RKHGH YEIH & 9@ G R Q\W VR QX W KHVW R U
$URXQG WKH WXU®HQ WHXUH WCZIHD DDA E Y VDR WHRV LB S U R
VLIQLILFDQWO\RQDBGHMWHIDGIS K ROUEG IF\RW B DEX WV EHTIOR ,3 WUL
KRPHY :HE DFFHWVPDIWRUWWHDODMWDY RIOQVW R B QM HSH WKBISV V|
ILQDO WUDQVIRUP RWIDR® WRLDLM QG ZRW O:GILVHDWN :H IURP ;H
3$5& LV ZLGHO\ FROQWK G WRH GV WH KX E I TRR @QFRHOMWF RPISKWHU P G |
WKH QH[W VWDJH RI FRPSXWLQJ
0\ FROOHDJXHV DQG H DWK B%/5 & KEDH\D P\H FFRORGSXX W E Q T XALVDROX
JUDGXDOO\ HPHUJH DV WKH GRPLQDRMW @R[GH VRI HFQR\W 5 XA+
/LNH WKH SHUVRQDO FRPSXWHU XEWKLIQURXQ GERPIS®W DQ
QHZ EXW E\ PDNLQJ HYHU\WKLQJ I\D WWHIWD LDQD 6 HD VP HHWV OV
J\PQDVWLFV LW ZMOOVWIUEEQWIRQWHEKBRVVISEOH :HLV
SBELTXLWRXV FRPSXWLQJ VXJJHVWV D @XB8BQ PDFKLQH FR
-XVW DV WKH SHUVRQDO FRPSXWHU PDGH LW SRVVLEOH |
RZQ RQH WKH QHZLFRIGRIOWKH LIURLZARIY 05 M SHWEHQFBLILWDO
/IDUJH FRPSDQLHY EXLOW DQG FRQQWERWHNGEG PXG KV R D WHKG! 3VDIRH
PLOH SUREOHP GXULYD QX HHIQG RIGPHEGHIVWEH 7KH ODVW PLC
SUREOHP UHIHUWLRR WMKRP FIR Q@ H FK VR U WERGWRHID KEXRBKRO G
7HOHSKRQH FRPSDWILYHLY G WR DQFH@ G R HDEW R TDEHVWH IGHN WD Z

EXVLQHVV RSSRUWXYOHWQ HW\R \SFURWYDE®H, 7TOL RREREDKLAY XSJUD



HTXLSPHQW WR VHOO QHWZRUN EDQBY L GMDK HV R KKHR BHHW B R G N\
VXIILELHQWO\ SHQEWHD W HG WDPHWERPSBHQHPRPIPFXQLFDWLRQ'
WHUPLQRORJ\ PDUNHWHG DPRUSKRXW LG-L & R PSXRWHD & B FED® O(18

%H]RV 7KH FRPSDQ\ SXUFKDYHGVBLY M ERRAY WR &
GLVFRYHUHG WK DARPMKRIN WRXOH{ MBMVB/RPS SIBVALMWM\YBIWS ULFH DV
XQLQWHQGHG FRQWHWKHRGEKFHGRRWYHILUVW GDWD FHQWHU LC
GHYHORSPHQW RI LWV $QGURLG RSHUDWLQJ VI\VWHP DQG WK
KDV UHLQYHQWHG PQGL QHEVM R\GHIW LRANVU 12 QIDF W KRORELOHOH’
QRZ 3L&ORXG" &KH@H XVH $PO6 K U R BHPD WA IWM WKH VXFF
RI WKH 1H[W RSHUDWR QJHW\Y MWUHWP /\W WHKBKU\NRW GG HDBHHGHE OLF
ODXQFKHG 3/LYH )ROGHUV’ LQ DQG® UHEBDQGHGWW WR 32K
SDUW\ FRPSDQLHY WRGLF®XH BWRWDMHIAM VXFK DV %R[ ,QF ZKL
5DR EHJDQ WPRY QXW WKHUPDH N HN Z HW\H PD QN KW [SHQVLYH
FKRLFHVY DQG OLWWOH UHDVRQ IRWKRPUY FQHLQFVO WRIRDP B W
ORFDWLRQ XVLQJ RQH RI PDQ\ W\SHV RI GHYLFHYV

&ORXG WHFKQRORJ\LDWWR. RSO0 DWR] & D \YCEH®D B BIGVMM G |URF
ODF L3DG RU 'URLG 7KHVH PXOWLSOUWWXIVOUNUDRIHZ\R Y N. QWF
H[WUHPHO\ ORZ FRVW DOORZ WKH GHWDS &N DLQIGQWRHW K HF EPE
6HYHQW\ ILYH \HDW V @UWHO7 %D & GB b [BIUB \OGAHE WIKH ZRUOG \
WHFKQRORJ\ KDV RHV KB BIRF NIGR X@® DR®G RXNWKLIQW KDBPH EHF
PDQ\ DV QDWXUDO DV EUHDWKLQJ 327KH PRVW SURIRXQG WH
ZHDYH WKHPVHO Y VRL®WRUNGHB\ | O IHQGQ W WO QUKHV PDEOH IUR

"HLVHU S



7KH 2SHQ $UFKLYH ,QIRUPDWLRQ 6\VWHP 2%,6

1$6$ UHFRJQL]JHG W KHi @IHUWHIG] W R CPXORHMQRIIGGIIRW DS P B MWW IV \
KDG DOUHDG\ VSDQQHG D JHQHUDWLEBRS DU KHilBYNBEHVKRIGE
ZLWK GDWD IURP RWKHH ¥ WWH D O F QR WED VW ¥HELYH MW RW PHXEB SR U
ODMRU VSDFH DJHQFLHV RI WKH ZWRORS [HRW PIPGRE & R UL
GLVFXVV FRPPRQ SUREOHPV LQ WKH BH GHORS F M\OWH PQ G RSH
WKH\ SURGXFHG WKKLI¥K 6\ WHEXK @MW DO OHYHO RI DEVWUDFW
VWDQGDUG LQ L&Y SXUPRNMH VWDWHV WKDW
37KH WHUP H2SHQY MR 2$P 6 QW VKK/DIVE 1 THF R R P 19 QEBVD WKIWRXQU F
UHODWHG 5HFRPPHQGOW LROY ®GCHWKPHG DQCREWGRHY QRW
WKDW DFFHVV WRHWWH LFWHKGE Y H LEIRUGMIONY B SOLFYHH '®RAD 6\V W H
SS 7KXV WK Q@B BGLW ODWVDD G \EFX®WXQ WM UPHLY DQG G
WKRVH ZKR DGRSW ARHG L\W WHITFRWXIDWGGLIJLWDO SUHVHUYDWL
WHFKQRORJ\ ,W LV DERXW LQV W LKADXW RRIQ DTK H RCPFPVL WIPG®! Q W
UHFRPPHQGDWLRQ GRFXPHQW VWDWHVWKDIWR?S$IMQ2K 6IDQ O\
SHRSOH DQG V\WWHPV WKDW KDV DFFHSWHG WKH UHVSRQVLE
DYDLODEOH IRU D '"HVLJQDWHG &RPPXSQEW\'DWR@GXHWPW LY
7KH UHIHUHQFH PRRS\®HD VDEHRIQNI X GMLRIZLWY LQLWLDO
2$,6 FRPSOLDQFH K® VYXBHHE HDQWWDEDWEM W RIQ PIDHVIRKU WGH.RB H WY
SUHVHUYDWLRQ DQSPHBSRN LW B W\ R BNOKRBIUF I6L MBW 1$5$
86 /LEUDU\ Rl & RQWUWNYXV/ L E& D %\U \DRV DRQ QG H L BQD) U
1IDWLRQDO /LEUDWGM W% H W KM K- WD U&X U B &V LIRM VEKH 8

2Q0LQH &RPSXWHU R/BUDWKK HQMHEU-RKU B IORODRIWDE MR X
DUFKLYH DHWYHAWNOO BRQIMWHUVLW\ OH BDUMHWD\FYHWWHRM DQG 8



7KH 2$,6 FRQVWLWXWHY WKH [UDPHZRUN | R Y HVKQI RUZDGWL
SDFNDJH FRQWDLQHG LQ WKH 2$,6LHDV WRUHVKHL B X W.RAR D W WK R/
FUHDWH LW DV ZHOO DV WKH DU RIGIHG WRV PDQ @ \D BIPQ Q MV W UT
DQG XQLQWHQWLRIQDQG\FXEWHKUD®XRNIEYWR DUHAMWDRK WLP
DUFKLYLVWY DWWHQG WR LW SRWHQWLWE& B\ SSUHINHQUAN MOHQW |
VXVWDLQDELOLW\ SUDFWLFHV UHTHUH I WK W RV Wi G DI N D YHE
,QIRUPDWLRQ SDFNDJH UHWHQWLRQ YEHBRF RX WF B DOUD R F DWKI
(DFK WLPH D SDFNEIWVHG RODW K B WAE QIGQW GAL WK WKIQI QRZQ F
HITHFWV KHQ GHSRBHGHGXPEKH B LKR BIKHV GLQIK MULHKEY ZR U O (
OHVV OLNHO\ WKDW WKH LQIRUPBWWRP Z LUOHG EVFRY W U Hig Y \HRG)
ZULWWHQ WH[W ZKLFK FDQ VXVWDLQ JHQHUDWLRQV RI DPEL
UHJXODU DWWHQUMR® Rl WIQHRUE MWIBY LRQ W RLRDIOH EUHD

FKDLQ LQ &RQZD\T\Q WRU GWR VSHW B DIFUKL \RW R X O WXKIHH T ,6 SUF
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DQ XQGHUVWDQGLQJIJHRIRZXKIFUN DA & KYRJBKH DVOHORARDWHKHVH G

[LEUDU\ RI &RQJUHWIN O6GXWHMODULQDELOLW\ )DFWRUYV

7KH /LEUDU\ Rl & REDUE VY. WPEBEWRNYWD IDFWRUV WKDW KH
GHFLVLRQ PDNLQJ SEMRRHV W QFQKXHMBEWDEKGLWLNHOE FRVW RI ¢
WKH LQIRUPDWLRQ FRQWHQW LQ WRRARFHFRD I XWX UBIRKPIHDIM

XVHUV DQG D UHRKQY LRBHUDPRMAL RINEER Q JDJ H V V



7TDEOH /ILEUDU\ RQ&RDUWB U V6 XOHRMIVQDELOLW\ )DFW

'"LVFORVXUH "HJUHH WR ZKLFK FRPSOHWH VSHFLILFDWLI
YDOLGDWLQJ W H FIKQA AODQ0G LIDWHH DBEWV WL E O
FUHDWLQJ GLILWDO FRQWHQW

$GRSWLRQ 'HJUHH WR ZKLFK WKH IRUWPDW LV DO
FUHDWRUV GLVWHFLRIDMWREBVPRWDLRQ UHVR

7UDQVSDUHQF\ 'H J UGHLH] MNRD DK U FI 1§ WHYHR QG IMW ERQ L \
DQDO\VLV ZLWK GO/LFEIVKKPOY WBBGDELOL!
WH[W RQO\ HGLWRU

6HOI 'REXPHQWDWLRQ FK WHIH R H WVORG DRRLD WK HG G VLU S @/ L
REMHEW

(IWHUQDO 'HSHQGHQFLHYXLFK D'i$DUHH. WGP IRORSPDWLGEXOSBQ
KDUGZDUH RSHURWIRDUHVWHRIRQGHULQJ
DQG WKH SUHGLWWRIGGHDRBLAH[ ZLWK WKRVE
GHSHQGHQFLHKQDFIXQVKQMLWRQPHQW YV

,PSDFW RI SDWHQWV LW WBKOHV Bl DO \WE IRWEDRIE K LW B & X \DW D
FROQOWHQW LQ WKDW IRUPDW

7HEKQLFDO 3URWHHMWMHRDWR ZKLRAKEFHROWSHOQWDRDHG RQ QHZ P

OHFKDQLVPV PLJUDWHG DQG QRUPDOL]JHG LQ WKH IDFH |
DQG GLVVHPLQDWHHVE OXRYXRE PR QOWLBWH Q

QHWZRUN EDQGZLGWK FRQVWUDLQWYV

Note: /LEUDU\ RI &RQJUHVYV E



7TKHVH IDFWRUV WR 3 DE&FHK MY VBYW K Y ZQ EMAMWEHIQWYGIE G L
ZRUOG 7KH\ IRFXVWKH BVWWQOWL. DRXURIQOGIHDWLRARWRBHU WR S
NQRZOHGJH , Q UW DFDIQNVE HWDKS-5 OIHAMVE RWER/ DGV VYHI) WLWKHU H
LPSURYHG DV WKHR D WHH DFPLSIQ W LFRESWMLJFIXOV HO/HP FQW R1 DQ\ E:
PRGHO IRU SXEOBHNRWIHFQWHG, WOKD $HRBODEHI® W IRHBPW LRR@IH K X(
\HDUV W LV FROGDIVHNGWHP RXQUGCGOHQWHR® L YAIHHWIWIUDWQVLWLRQ
ZRUOG LV IRUFLQ WMWRKUHHMRALFXMN) RWQHUVKLS ULIJKWY DQG FRQ)
DGRSWLRQ RI FRPPXQLW\ EDVHG DUFNKLYHMW VA¥R RNVOQWKHRK VLJL
VXEPLVVLRQV WK ROWADRUGHYLWDKHUK IRUPDWLRQ LQ 'LJLWDC
UHSRVLWRULHV LWHW\SXLEO6 GAWVRBMBRUHDE WHKHVHKLMWABWHPY LQ G
ZLWK FRS\ULJKW DQG ILWV Y BQRVY EWKE B HL R WHRFSWUHLG) VX FK WKDW
DFFHVV ZRXOG QRW EH DYDLODEOSB EKHG®L O LEXGW. W R XOE\P\L XA
GRFXPHQW ZLOO QRW ILQG LWV ZIRXRIGWR DKIHUWHHH L ¥ L5 MG QD/A
DUFKLYLVWYV ZKR SUBXNUYHWHHR/ZOWBAHAD Q WP R/ IFFRR@ WU SU
JRYHUQPHQW WKDWW)WHBSLWR P(D&SMDUWKR IRXOK@N VG W WKH W
IURP ZULWWHQ WR GLJLWDO UHFRDBW RUOM QY RWKN H/AH\YBIQF KK Y

7KH 1IDWLRQOQDOH DOWK WXWM 6(RKDHULQJ 3ROLF\

7ZR Rl WKH VLIQLILEGIDIXQ\W DE& D/RPWEBMDWDSHU DUH SRUWD
DQG UHSOLFDELOLW\ 7KH\ DUH PRIKH338EDIPMDEERRRGH O, Q § LAk
UXOHVY DQG PRUHV VXFK DV FRS\ULJKXW OQGLNMFBX8WRGF KRGO WY
WUHPHQGRXV FODVK EHWZHHQ WKRVHUXRLEBG YFoFDRWHHB QR A
IXQGHG UHVHDUFK LV SDLG IRU E\EWIKWMKSXEORBS HWWHN BRH IRKH ¢

%HIJLQQLQJ LQ 2FWRRKQWO , Q WVWKIHWDOMHP HRQ WH B ODNVERLAPLSF\ GHVF



VELHQWLVWWILWHWRRQKEHD UE® DEDGXI DE TVONPIWLQVRUWHG E\ Wi
1,+ 2*6WDUWLQJ ZLWK W KH R A WSREDBSDRUH VRFRMMWIQJ DQ 1,+
DSSOLFDWLRQ VHHNHQX GLUHRW RBRUYWY D) DON WLOHFWHG W
SODQ IRU GDWD 2AKADADR\WD R K DWW H 2 WQIRRAQ B R V, QIVEMDIHN X WH V |
7KLV UHTXLUHPRWH QWVIHDSUFLKHHG) WIRYBHX © B PKID Y RIQW RG H U D W L
GDWD SUHVHUYDQLR Q EWHDWH W\ WDRWHFW LQ FRQVLGHULQJ K
VWRUH LW WR PDNH LW DFFHVVLEYNLEQHR WKHY BVRX B GNOHIHG
UHODWLYHO\ VWDQGDUG VRIWZD UMW PRIND D ¥ H VAKHE OBF VLR UW
FUHDWLQJ D PRUH YW \VDAODARY DESGD BRIV SIREL]DELIORQV\ W KD W
UHTXLUHG WR LQXUN WFDGS LLWQ DD VYERMWPIHIW D@BHOX LQ RUG
WKH UHVHDUFK EHKBUW E&EXOW HSWR QRW HWSKRLVQ WHITQXLUHPHQV
VWLPXODWH GKRERJIWHNWRURXQL]DWLRQ
7KH SROLF\ ZDV D OLPLWHG EXW LPSRUWDQW ILUVW VW
SUDFWLFHV LW ZDY BUNGWWHRG D ,W GHIPRME WKH WLPHIUD]I
KDG WR EH DFFRPSOEWKHWEBK B1WL A HSY\L Q Bl (RH TB\IHR DAORSRAHEUD W K D
WKH DFFHSWDQFH KRHUPDNEOILKDGN IGRIYORGMV WK HWL 1DWLRQDO
+HDOWK 7KH 1,+ KHOG ZRUNVHKREQ W QL L\DVSSREXF R G W & H
DGGUHVV SURSULWRUILEHGDRHIV KORQEY GMHR VKDUH GDWD

7KH 1IDWLRQDO 6FLHQFH )RXQGDWLRQ 'DWD 30DQ

2Q -DQXDU\ W K H QLCHA/)LRRXCDED BEVRXQW H 6) DLIQNWTAK LU H P

WKDW DOO UHVHDUWPREOHIWER BODOHW GBSO VPO QD I MREIOAMHPHQW
HDFK JUDQW VXE®RLYNLRQFHDRXQQGDWLR®) JUEQMWWVREPLVVLR

QRW DFFHSWHG ZLWKRDWHR QH Wb MHVHWIB BB AW SQRRBDWD WKF



PD\ VWDWH WKDW DWRHFWR RSEH HHQGIMIAN H G7 K B WIXGIGUWNWHHIV VW
WR PDNH UHVHDUEF&HZWRHKDQ KODYQREK [ 'Y B RMHIK\LUAHKRH QW LV TX
EULHI 6HH $SSHQGHP WWRHUMHDTX WUIGHP\H QYO D QHEQSHWMYL I XL G D |
‘03 87TKLV VXSSOHPHQW VKRXOG GHYFRIUE HWRRIZ6 WEROIFR KRRV
GLVVHPLQDWLRQ DG@E® VKDNXDWYV R4 DUXRE Pbwihgyhide nesHr

table 2)

7TDEOH IDWLRQDO QRVHXEB HRXQa @/ DAVD BV DDPQHPHQW 3!

7KH WA\SHV RI GDWDOVERSOHVWSE RONMEBMIRA W PDWH UADOLOV DQ
PDWHULDOV WRKBHFRXRIXKFRGWIOQHWSURMHFW

7KH VWDQGDUGV WR EH XVHG IRU GOWDZBERGHPHWD®WDLYD VR
DUH DEVHQW RU GHWRHG VLIQRXAHT EBIWGRFXPHQWHG DORQJ Z
VROXWLRQV RU UHPHGLHYV

SROLFLHV IRU DFFHVV DQG VKDULQULDQHDIXRGOBRYWHBWRRODVRR
FRQILGHQWLWO LMWQY WHRDBEHHUAW X B OVE/WRIH U HUMXIIKUHPH Q WV
SROLFLHVY DQG SHRMLWIRQVVIRULBEWEWRQRQ RG G/HKUWHLIDWLYI
30DQV IRU DUFKLYLQJ GDWD VDPSOHV DQG RWKHU UHVHD

WR WKHP

Note: 1IDWLRQDO 6FLHQFH )RXQGDWLRQ E

7KH )RXQGDWLRQ VWDWHV WKDW DW HM OX1 | UFHIOY R QYW X HR
3URJUDPV RU RW KHULQE6) W& HWIVH WRIDWHAH DWWV KQHD FRKR®R P D L Q
FRQVWLWXWHYV VYU B DQWDG ZE\O W KEHIWFERPHPKW@ WK URR XLJ& WK H S U
UHYLHZ DQG SURJUDPDMOL@DQIHPERPMW QFB )RXQ ®RDWDR 6K

VL[ RI WKH VHYYHHFWEBHDMWHYF KGR0 R RIPFDXAOVERL HQFIRUPD WL



6FLHQFHV (QJLOQWHRQQJ+XBXBGD5H VR XU FHI\R VELHQHHNI D@ G 6F
%HKDYLRUDO DQG (F6IQR PK DB YoHF LIH @ AV GHHPW RDDWH D QG
LPSOHPHQWDWLRQ SODQV 7KH ILYH GQGYIR\VRG D QUGRFR FQKAH U |
'LUHFWRUDWH KDPARHVEBOUBMWY UMVGKD VOLIKWO\ GLIIHUHQW Z
UHZRUGLQJ FDQ EHQVHMIQHEG HFIRPDIDMIR Q 68 |GG W DW LR Q

‘KDW FRQVWLWXWHY VXFK GDWD ZL®O LEHNGIHWWWPW®H B X

SURFHVV Rl SHHU UHPYOLGIZJIBI® B (B R7 K DPXP/D \L V QFROW GIH. P L W

GDWD SXEOLFDWLR QR OMDPRODIHR/Q \BRGRHEE O U BWLRE DO 6 F

JRXQGDWLRQ D

7KH 'LUHFWRUDWHLRIQ%HRO RJ2FDRL\DUR $ 20 %2 &ILEFXRI
ODQDJHPHQW DQG %XGJHW GHIL@H\D G P\U BV IDWL OV K R PLPHRF
DFFHSWHG LQ WKH VFLHQWLILF FRHP\PEKDU MK D\ @ HE HW V D UK LWF
LQFOXGHV 3ERWK RUY DIWILIRG B DROIDVREAMH © B QDAY PHIWWD GDW D H
H[SHULPHQWDO S URRNRF RROW/ V WRDIWHIADW HF DI \D QRQ@DWLEFLHQFH
JRXQGDWLRQ D DIKUHR BRPL D Q G % FHRWQ RRJLIHF QFRLUHIVFH 6 % (
HODERUDWHY HYHQ IXUWKHU

SHVHDUFK GDWD DUHF R UGHBDEY BWXNBQHFRPPFHSWHG LQ W

VFLHQWLILF FRPPXQWRVY D® LGHRMHY WEYWDYRW D Q\GR QWK H

IROORZLQJ SUHOLBU@DWYV ORQ D/F\NEHV | ILFFUSIXSWHUM BHVH

UHYLHZV RU FRPPXROEBWLDRODN ZKWK ULIDPRM [GHOX GRIVWS K\

REMHFWVY HJ ODERYBWHRUWRKDERWOXIEMVR GR QRW L

$ 7UDGH VHFUHWRUPRMWRHRIQF LIDIOWINQR. EG VK& BEBH V VD
FRQILGHQWLDO XQW LUH WHBIV PKHUBX EQLRKRARBWR B Q/ ZRILO K
SURWHFWHG XQGHU ODZ DQG
% 3HUVRQQHO DQG PHGLFDO LQIRKHFDVFEQ RD\QG M LR

ZKLFK ZRXOG FRQVQLADXW B DWHEH DQODYW RYD R SHURKR DV

LQIRUPDWLRQ W& DWR ARSHIGNE H BV DWULHFXIODWF & HUW R @\

1IDWLRQP® FLBGDWLRQ F S

(DFK RI WKH WZHOWHVLBBFGIRWD \W B QXL BIR MIQOWS/OWDF D B V

JHQHUDO JXLGHOLRUWKBEXW OQEB XBHW RY LIRMGIXP SEIOR QHV



ZKHUH WKH 16) GRHV QRW GLVFXVV KRZ WKH SROLF\ ZLOO EH
DQG (FRQRPLF 6F L HIQH [F5\O DLLUGHWF W@® PIRWH GHWDLO

7KH '03 ZLOO EH FRQVLGHUHG E\ 16)SD@®RE RWDHVO UHN Y. IHZZH U \

SURFHVV 6WUDWG® JALRIR/SDQ B QHFYHH DIWXRD BIKOHO SEHR SIR DX D W

QRW RQO\ E\ SURSRVDO SHHU UHYLWRUEGW B ABR SWKRIRND.

RIILFHUV E\ &RPPLWWHHV Rl 9LVLWRAURD D@G ED WIKRHQ DD

6FLHQFH )RXQGDWLRQ F S

16) JHQHUDO JXLGDQFH GRHV QRW GRQOFBRG HRXPDRZ XS E
5HVRXUFHV (+5 'LDHGW RI$DWHHUHDRADZWD ® DY PIHPHQW ZLOO
PRQLWRUHG SULPDURIDRDMOKIRIIR OVEBRERPHYD @ GBSWKWR XJK H
RI VXEVHTXHQW SQRSR\FDLEQF HL PRMERGDWERPH VWD QBGDUGL]DV
DPRQJ WKH 'LUHFEW RUWWH I XPDX IRF ERXUMWN SRIOWLFYHNM WR GHY
WUDQV GLVFLSOLQDU\ SUDFWLFHYV

7KH LQWHQW RI WKH 16) GDWD PDQBKHBMQWR SAKDQ H WW R
LQIRUPDWLRQ LQ RWGERQ WR G/ §XEMHMHBWFKFRMWVIR GRLQJ W
HQKDQFHV GLJLWDPW. Y\ EWRBGOBILQUWHVHDUFKHUY DGPLQLV
WHFEFKQLFLDQV WR VWb WYWDOREDDGGS IBEMWISBFEE ZRONIRRIPY 7KH
GDWD PDQDJHPHQW SODQ FDQ DOVRPRPPRXPHYMW DG G R|OM
FKDQJHV LQ RUGHU WR VXSSRUW GLJLWDO UHVHDUFK

&RXQFLO RQ /URUPDWRRGQG SHVRXUFHV SXE

7KH &RXQFLO RQ /LEUDU\ DQG ,QIRURDW ZRE WHI\ERXIWNF B XK
SBUREOHP RI 'DWD’ .S H QX HW W IRFXVLQJ RQ WKH GDWD P
XQLYHUVLW\ UHYVHDUWUFXKRHWW | ReFXMIFERAVBIIR QW HQL QRWIW KHD VW H
6WDWHV XVLQJ HWKQR ALK LB FXIDMWHO B RY W GIRG® RUDG XDWH

VHYHUDO VAL BOWHIS-OQ QHV



7KH JRDOV RI WK G W@W G\ EDWH WRY WR G BRI GXK]HD WQP H

UHVHDUFKHU QHHG\N ZLWXHQ YLHHR BHKRO L B QY6 FWRQ GIHLLYY V

RI WKH ZRUNIORZV LQYROYHG LQ W K F)\WDRQ ARRQ UMD/GIDL

6SHQFHU S

7KH VWXG\ UH Y H D G5V DMKWHL WRARRHA MRINFO W ARID ) WKH ILQGLQ
WKH VWXG\ DUH W K DG\ \UWHDAM D\UIE KB X/HID KRW K FLHIURAQ/'H  EXW \
WKLQNLQJ DERXWYOR/QR @ H B R HS UH \QIBU RV KDXE OVLKAHK IGHP RQ G H U F
HIIRUWV WR FKDQJXKQOKNMWEKRPKE BBRRWEBHU UHVHDUFK 7KH
LWVHOI KDV WKRUWBVBRQYLELOKH SROLFLHY WKH UHVRXUF]
LQVWLOO VXMWWIDO @B ERMQRWW U DMEPWYH QHHGSW RWR. GH HD W H
VIVWHPV WKDW VXSSRUW WKHLU UHVHDUFK IDEXOW\

'LJLWDO WHFKQROBE\OKDIR E HRH® D RRIBOZD GHDSUHDG XV H
GLJLWDO WHFKQR®ERXVD W XN Q@M WIYBW HH VKW PGE HQW RI WK
'LGH :HE W LV R@OGHPBDW KHVKDD WE HQ X @ MARX VRILRPQ\O K]IHY KR Z F
NQRZOHGJH IRU IXWXOE EBOSHEHDMDHRIQ BRIUMRHQWLRQHG HIIRU
DQ LWHUDWLYH SWRGHYNO RSH @ H DIUF B B ESVUH WVUNRDWW R BLU UH)
FROQVWUDLQWYV LP $R\DHG IEX WKHF AHGRBHHHVSORGVZDWK GLU}
IURP JUDQWLQJ DIHQBSIKY WRKKINHFOUDFWLFHY WR WKHLU SHU
IHHGEDFN WR WKH KSH\RH HIY § HEUD HHG BRVE KADQWLHQW W RDVOK H V\V W
WKHLU QHHGV  HQW. UR RR HXQL\WLMWWPDQF D AWWY RW\ RV KDW LV ER\
DQG VRFLDO B6ROXWLRQV UHTXLURFLPSURDWMIGR QOB KDW WDQRE

RUJDQL]DWLRQYV DIQ@GWXIDAK O FRIMEWVHN K KW HDIROWWWDJH R

VKLIW ZLOO LQIOMBWERQXW $HH FHENHILHR QAK RWZKRVZEGRQH DQ



&KDQJLQJ 5SHVHDUFEKHU :RUNIORZV IRU WKH 'LJLWDO $JH

7KHUH LV D QHHG WR XQGHUVWDQG W R \GLD U WKHU VAROU ND O
DWW LW X G H W DLQG REJHKHILY VERULLWP B O WY WHRFHDVAL @' R ORFDO H[S
UHVRXUFHV FDQ[SPSUR QM MXH N® RIZ0 BXGLIGID QEHHS BIRRIPVED® S X V
OHDGHUVKLS ZLOO LPSURYH WKH GLBGRIXHURO \FIDE FRD YKDR
VROXWLRQV 5HVHDUWAKHRIQEBK L QI@RPDMIFG G F HWKHILQ WKH 1L
YHU\ LPSRUWDQWW RHWH V$HDWW K VSREBBD\D QWS OVIRQI6)) RU 1,+ L
RYHUDOO UHVHDUBKHS WIORZ OMGGE HUVBEE LUINMYVGHD U FREBIY\H MRE [
LV ZLWKLQ D GH SIHIW FRHD WOLQY HDUNRW H VDR FROLEW MEKOHH  5HV H|
WHFKQRORJLVW\R Q Q/K B)XGPE KLDNWUD MBL BVARRU K M RROQY A DIPGBG O H D
SUDFWLFHV 7KLVFDWP XX WK BIREXRK ®RVEMDWHIRS) DQG

,Q WKH 86 ERWK W KB VS E/GIFFV B Q GHERS BWK M Q UDR K5ZRYU N
SROLFLHY DQG SVWFKIHHVWXR D& &&'M K SHMWHG Y26 DUFKLYHC
LW DOVR SURYLGHKN D HIZR G GPDSDIR BHURNV D/ WHP HZWURN WKDW F
WR LGHQWLI\ UROHHWLE® @ IWVAKISR QVEEKXQ/GHGDWYV WHERQJUHVV
GHYHORSLQJ VSHBPLSIUHYXIUGD QB HG WRIMWKD @ KOH) W 1+ IDRVBVW K H 16 )
FUHDWHG PDQGDKH ¥ RQRD\E HIUDWX MILE HVIGD® D PO QQFOXHQW V'
UHVHDUFKHUV B 6RQ®D\RYUDWAR UN/Q G FOUQI® Q B ) DIHLTRQ Y HPHQ W
LPSRUWDQW HY HR) W ¥ A0S WXXGIDW B HI@EGW DLQWDLQ KXPDQLW\{
5HVHDUFKHUV ZKR DSSO\ IRU WKHV D BEDDWR | PK ML B RGDM B H
VKRXOG FRQVXOQ W KIHWWR WV HD DILNBKRMLQR Q /RG B OV ¥H Q VE\R V X F K
SUHVHUYDWLRQ ZRUSIWRRISYHDQGRMOKBMIF KRG @ KQLWRWIGRFUHDV

DQG UHLQIRUFH P HMARDXILEHYV DRD GHAE SNRUIAD @ WHR MRS WLRQ L



DGDSWDWLRQ WR O UXMIWD+tQUDEDPHRGBEHEMRVEIUYDWIDRQ H[SHUWI
UHVHDUFKHUV WR FRE®ISFL\HAL WKKQ Ha B HE WO YZAROUU O ® UXEVWDQV

RQ FRPSOH[ GQDWMUYH®IEXKBR WH KBYQWWHEHBQWLPH



/KHRUHWLFDO PRGHOV

6RFLDOL]LQJ 7KH 'LJLWDO :RUOG

7KH TXHVWLRQ 3+RZ FDQ RUJDQL]DWLRQDO UHVRXUFHV
UHVHDUFKHUV WR LPSURYH WKHLU[IDQI RIIRRMIHE HQWNVKKLG O
WUDQVIRUPDW L RY IRUWPIDOL R DK HVWEXID WH @ (B RIKHFPRID Q TV 3V
RYHU SWLPH  OF/XKDQLEHG 150 KM IOLWHXQ@XPHQWDOO\ GL
SDUDGLJP LQ PDQ\ ZD\V :ULWWHQ WRH [BVEPDRG RQ AHY W XQ &/ IO K
LOQOWHUYHQWLRQ FIHQHE BHFHMWW KIBDYWHBWZ BHHK ZVHLRHNM K DYH EHH
DURXQG WKLV 3WLPHVBRXQRGY HHKBHQ MM HUHY :H KDYH H[SHUL
GLVDVWHUV VXFK DV WKH GHVWUXPWRRWD KRUIVWHRH Y L EBIDKD YRH
UHFHQWO\ UHDFK MW DWS R E© MWV VQRIBHE il | DWWV GOONGD KBXY EHFRP
'H DUH MXVW EH JIMRPHQB IWARK H HFDROQN HTXBIQ W RV R D W/IKR Q
2YHU IRUW\ \HDUV DG R OFEG)OK [DQ WHRWD @/RIX ) \WRK DHQO Bl FAMHU L F
WHFKQRORJ\ ZH KDYH H[WHQGHG RXU FHQWUDO QHUYRXV V
ERWK VSDFH DQG WLPH DV IDU DV RXU SGDQHWW W KRR QFHRM
SHUVRQDO FRPSXWHW ¥ DD PIRYWRWZKRH OGN X GH DIQEB 2R X O G
EH LQYHQWHG IRU MIXQIHB BHHFW BHYV O BWH U QZHWKLWV | ¥ QDIORQ E
ZH DUH WR OLYH UB MWK DY ZR$E GODMRLYH WIRHVGLBIOW DO GDWD
WKH IXWXUH
$V ZH SODFH RXU NQRZOHGJH LQWRP&UH. W B 8HDHSHROM VIRR)
UHOLDELOLW\ DQG DFFXUDF\ 7KN BDRKDWQLM LUIRAFD DWL W W MK KV F
IURP RUDO WR WWHR @ U LAKW HZL W WBRGELVS DS BIGE JPQ® DERHVYV WR

LQIRUPDWLRQ DWHWKW Y} BHBVYH REBMWDQ PHMWKRRGWR QG SUL



SDVW WKUHH GHBD GHYGPPHDWHD® GHBIQOHN L Q7 RKIHYZRDXWLR C
H[WUHPHO\ G\QDPLF RYHU WKH SDWWVHUKRLUWLQNBQWBS® BRX N
XVH WKH QHZ WHRKDQRARFIHHV: R RO HXWHED WHRGW P D WHR IVRFLHW
GHYHORSPHQW WKRFIWISLFDGOD QQ H WHORUGIIUEGAH HG WK WKH |
DEFFHSWDQFH 3KLORVRSKHU -DETXHV (OOXO REVHUYHG
UHSODFHG E\ D XWLOLWDULDQ YLFYZ FoIHEK®JWD\EN DOV K ZGI@ H
GHFRUDWHG ZLWK FDWWMW IPIDAE® L Q R Z¥MOREMARPR WHHFGHJIJUHH
GHVLJQ LV HODERUDWHG« LQ DFFR XGNQF®GZ IWMKIK X/ M & G B WW |
XQGHUZHQW WKH VDPH HYROXWLRQ UHO®IX\ODSSHDILQJ L&R\PFS
DOWRJHWKHU :KIYWFHHRRLIMAFHVWDVGKH YLUWXDO VSDFH 6L«
3& WKLUW\ ILYH \WRBUBDJMIRY B O WHGVIUDSK VR | BRIFQFK IORS S\
&'V WR '9'TV WR %OXRSBIYWH UROQG WDOOUH GIHDAKL QJHWKH VWD
QHWZRUN VWRU D JHS RAKHLUIEHD H WV R DD \ERN P B WWK R MOPHGW DELOL]H
VWDQGDUG PHGLDDISDRMVRI DMKH RSIUBREY B P Q RHRZHPKERVH IUR
FORXG VWRUDJH REWEERV *RRPGRPUWYHQ H'IUAYRIV DIQG $PD]RC
3ULPH (DFK RI WX® WH WDV (DFK RSHVHRDIKVHY Q@M W KDW G H
ULJKWV DQG UH WSBRH ¥ RPLSMLQN LIHYG RAK A HFQOULH QWU HHR HQW V F D
FKDQJHG TXLENO\HVRI WKH ¥G QBRWDIRBW H@QW MRPO GIBWRD VW
7KH 2$,6 PRGHO FDPRHIZWRRWL GRHU DR UUD Q G]IDYA IGR@MOSRQG FLLHV D
SURFHGXUHV WR HQ VRIUGIL WIKHDORBUWYRD F WD Y IQUR & PYA Q W
2XU DELOLW\ WR SDWWWQRE GG WK B @G KH JHQHUDWLRQ

ZD\V WKDW KDYH QR KLVWRULFDO SUHFHGNQ®J WK R SGD VRL ED

LVVXH 'H ZLOO GHSHQG PRUH RQQWH G ERLM. PIOD OISRV DW RW



FRQWHQW DQG LQIRUPDWLRQ )XW XUWMRI MXHHUDMFIKR G\H BDR QR
ILOOHG ZLWK LQIRUPRQYVR®HQRW LPSRUWOQW HQRXJK WR VD
XVHG WR GHILQHRZKHK VS HMIGFB QB QRO SMSKUVLYHPL ZLWK IF
SRLQWYV KH REVHUY®IG[ MAKD\E B 7RKLHD E FERR/ \W R PKSIRQ HQRMWU HD VH G
RI URXJKO\ D IDFWHRPW RIOWRBHSHU S 7HQ \HDUV ODWHU
SURMHEWLRQ VWDWL@R SMKDIW K W B RXERHLED WHHN\ WZR \HDU
WKDQ HYHU\ \HDU ~ ORRUH S RUJBQEZHWHLR GH ERIG D @ L
UHVSRQVLELOLWKH@ & D YIH WD DDSYERFQVLEA BHRSOH HLWKHU |
RU LQ JURXSV 'LJLWDO GDWD ZL OO HEHFMRHPPHI B R/ 3A/LRFFK DADKH
LW LV FRQQHFWHG WR

'LITXVLRQ ,Q 7KH 5DSLGO\ &KDQJLQJ 'LJLWDO :RUOG

'LIIXVLRQ RI ,QQRMBW\LRB@®JIRYUVWK FDQ EH XVHG WR KH
XQGHUVWDQGLQJ RIRKRX VAMDE DQR G HIDAMYI LVKIHO VNKHRRAUD HH [S O D L
2$,6 KDV EHFRPH WKH DFFHSWHG PR GHQ W R/ R/ FXIUEYH. GO LIV
HFRV\VWHP /HH WKH:DGRSWIHR) W&B 53,6 XMMBRQAEIUG XVLQ
'2, PRGHO /HH VWDWHY WKDW 2$,6 G P S/®HIFRHLQ M BWX URIQUIHW 1B D.
,PSOHPHQWLQJ WK B GPRREOMIOD I RAD B G BSRQ IDQ W YWWHUIDVD IEFQRF O X G
VWDQGDUGV UHVIRZRGR Y\ D@/ FCK HZ RGHK LW N BIR WQ\D BR JH U V
GHILQHG GLIIXVLR@BVNFB 5QRRNDW MRHGLXLMRKRRXD LVOFLDO V\
D PDWXUH WK HKRZLWKKPMWIKR G RP R X GLLHAO XSRLALF F DY OW LV
DQDO\VLY VXUYH\V DQG H[SHULPH®WQGH® ZHKYHW 25R IXWLR D
VFKRODUV VKR XOHG/ WHRH X VIL@W H. QG B BD 6 XO@LMVYVRW B QDU \V LV

S WR RYHUFRPGE WKEW G LY BN D OKEHODPWPRIEBIHP KH GH'



LV WKDW WKH PR&HAPHVNYGRE D W/IHOXGMHCHR VAL MVHK ILQ GUKYH VA\VWHP
WKH VXFFHVV RU IDLOXUH RI WKH V\VWHP

5RJHUV ILUVWISXERQVKIH® QRYDWORQN. QD KLV DUKMIRAN R C

WKDW FRPPXQLFDWVB® H® BMMDAN W B BIRSHK QRORJLHY DQG LGH
BHYHUDO FRPSOHLHDFMWRRYHRQ EOBGWLRQRYDWHRQRU7KH LQ
LWVHOI PXVW EH SHUFHLYHG DV DQORRSHRY HPH © BVORHEU WHK L \
DGYDQWDJH | WKRNHP H\Q WU H BWIDWPRR K H UGIU BDS)OG GV R AL H W D O
DGRSWLRQ (YHQ@ WILWHK HWGH D@ VD DUHO D@ \| REMARRIVVAD\ LQKLEL
VWRS DGRSWLRQ $®\L QRRWY BR/Q RRQAYR BIRWKEZBOGK WD GLWLR Q)
FXOWXUH ZKHWKMHILROW Q. \RWBRES@UOQ I/ H LW ¥Q O HYHIDN\DW & OBV
WKDW LQFOXGH ZB WXL B R LYL@MA DLIG UDAMH ;BERH FRUGI ;HUR[ 3
SHUVRQDO FRPS\XWHW LQ QVWH H LBV W FADIVMHN G ERLOHG ZDW |
WKHUHIRUH LQKD WLBDLOMG CHOWHAFWR QY G BIGDP SO WKWKH SHU VI
FRPSXWHU IDLOHGW WRRHSHWY WVE QAWK LWOGER UG XEXOM QM HG W
ZKHWKHU WIOBDWL YN D GWIQLDD JW KED RMHZLW HFKIIRU RZQ HQYLU
WULDODELOLW\L\WV L5R OH BV WIDGLOWX H LSOF N RR D GRBWNHWLQ J
LQFOXGH IUHH WULDOV WR UHGXFH DNKH\GEDXNVLRQ WRIWKK/H FS
,QQRYDWLRQ 7KHR W\B B YSSHQUWHREQ B OBFRERVEIMIRRW LHYV LQ KLV WKH!
H[SODLQ LQGLYLOWDA @I RARDWLRQ (DR ®\QDGERYWMDW ICRUH \
RSLQLRQ OHDGHUWREGRFW\EQRIKYORKERWIKHVH RSLQLRQ OHDC
ZKDW 5RJHUV FDOOHG *KHWHURSKWG®&H P RWRDE 8§ QY S HFH/DLY HQW
RXWVLGH WKH JURQ$K LBKHVBHUHBDPUEQDZWR IRWPDRGER Q W R

ZKLFK 5RJHUV FDEPH® PDBWWHWHQHWI\" 5RIHNYQRYHWHU



VWXGLHG WKH H['$ QRLOMDIWL RRXY KLU BWHKY QUG LAHDW RVX 8 8 HE HW Z H |
ZKR H[LVW LQ GLINMQHQON QURXBIV \BPDLPH QRVOG H[PQG 5RJH
'LIIXVLRQ WKHRU\ VK H\SIULRSR VK A QKBYZ IEXDOW WIKHRGDWR JUR X!
FRXOG ILQG RSLQLRQHOMEGHY Y O\QGHFRWDRO\FRPPWW'V DQG €
DWWV ODWHU FRQILUPHG KL X DLG\W DW DHAPLSYLHJ IDFSCBQJAR\DW K L
QHWZRUN PRGHOOKQUKRZKIG/ \B S B WREFRPHO®R T RFEE UBKHQ KLJ
FOXVWHUHG QHW2RK W @I1W KW K R\TVEHSDS ORIP FRUPL FDW LR QV F ¥
DUH IRFXVHG ZLWSE&LQLERHOHDRGHEU VER.J® HF WRWRQRIE KIQUR U P C
UHVXOW RI WKHVH IDFWRUV LV KLRWHKY FOXRWSW WKHDGE\IAd
KLIJKO\ FRQQHFWHG QHWZRUN

7KH WUDQVLWLRG W\R D \&U DIQVDROUPBRA Y Bl UDEDRY BV\WR LVRK H
,QGXVWULDO 5HYRIDXBH\RRU \ -KIVWKEWRHG ¥ DWW ZLIMK WHY RO XW L
RQH FRPSRQHQW R QQEEHVMHA DQL HEIBWEDWMLHRGE X WRRQ@ B RGRZV D
WR EH VXFFHVVIXO 1RW D®\OGFE R GV KRSOWW BLRARYPDSIRQ DV
WR D GLVFUHWH LQQRYDR\QLRO W HRAVIMHHHIFRPGWWRIQ ZLWK WKFE
WKH GLJLWDO ZRUOIS G IBILGWDUOY W Q I REFHWAR WXWE W HT X L UH \
SHUVSHFWLYH ,ILMWZEDQ EH GBOQMR KLK/HARRN XDIGW WERHOW L P H O
WKH WZHQWLHWK QWSBUWEMQWR LIQUA/ADKH NIRZOHGUWFXS HUV XL
GHFLVLRQ LPSOHPHDWLRQROWDQ 8 W RD QAKIR GRD W R Q

7KHUH DUH VRPH 'ZFKFRRG HEHNE LYKEIX B WH.G H VIXE X DIDW DH B
FRPSDWLELOLW\D®REBOHW)WD QW URLEWIHY PYVEHWWKD YIH D WUH
UHODWLYH DG Y RGWORHWD BASHMG B R FRQY WAL L DWRREDWLY HV J

DFFHVV WR LQIRUPDWLRQ ZKLFK PDNHV LW FRPSDWLEOH WR



KDUG WR XQGH U VGWIDVORY IVKHH RJI HELW WD DL QIIFRWPDWILR Q GLJIL\
HQFRGHY DQG GHFRGHV LQFOXGHVLI@AWV7EERXGY HORSRH ' Sq
PHDQV ZH FDQ FUHDS\IH W R RVDW R R GWPKGHHGHKEH Q JI RUK MV KIIR OD U J+
VSHFLDOL]HG WRFEOWRUHER QQWU® b\8 DRIXWVIDURR GIL EIRWD O L Q
‘H FDQ QRZ SULQW PMUDRS R P R E L DKILFFIKO BH L] QRMGR W BR H WM U \
HILVWHQFH. RO LQBWRW UH V

7KH UHODWLYH D®YWRMWIDIM IR U RXOE ALK VRW KMKFHR HZ H L
DGRSWHUV 6SHH® ®RZ\Y ISRULPDWLHRER IR B B U DPMICROW \BR VKR U\
GHFLVLRQ F\FOH\XK BIQUG HORVARGWINRD VW2 QH H[DPSOH RI WKH LC
GDLO\ YROXPH RQ WKH 1HZ <RUN 6WRXWFHRRBQRIIHD GBHIFK WL RD
RQ LQIRUPDWLRQ IURP PXOWLSOH WRYBREOHPWHQY D K\ IKION NSRS
LQIRUPDWLRQ FDQFUHDNK W UITHFHVERQM FRQFE®\P D GH VL[
PLOOLRQ VKDUHV ZHUH WUDGHG UQPGHG D@GCQALRQ VKEULBDY
VKDUHV ZHUH WUDMRIFN (FEX®UN 6 J HGKHURQPEQRW LV D PL
RI WKH VSDFH ERXQG ZRUOG OF/XKDQLY®GRQ® YIKH GH\IFU LA HGE
GHGLFDWH YDVW BHQRXBDEWY WRQHRMEHW IRR QMX DY LY PO W 7KH UH
ILQDQFLDO LQFHQWHKN AN WWRH RV P SR®¥ HR VHNF AHB®V BVRFH ZL WK
RUJDQL]DWLRQV 7KH GLJLWDO SPHD®LWKHN W SLHHEG B DHGP B DI/
VSUHDG WR DO O GRUW WIKGWP R DW H W BIMEKAHH G I/ J WAR DQDH DUIRRAVQLW L H

2SHQ VRXUFH LV DDWHZ FRY RHIWPWBEQLQJ WR WULDODELC
LV SDUW RI WKH JREEPQJ VKIDW BQ D ® FRR WKXGH IBA.ORWY DQ\RQH
SRZHUIXO VRIWZDIWH B QGW BQRYW. RIE F VU CBRIZR/S BB W R LPSUR'Y

FUHDWLRQVY )HHGEDFN EHWZHHQ FXVWRPHU DQG FUHDWRU |



GHYHORSPHQW LV BDOFRMHD FEBVWINS ROQYREDOLRYQ FWROHV D
FXVWRPL]DELOLWHN FRREFWHYX MR D GREW GIQIE WO DV HNRDSLG O
'LILWDOO\OMK'SWDE QWD PHWW IRRIWKD MEDRINIIDEX.DDWILE Q D O
UHVSRQVLELOLWRKW DWW LARQ S PPDUGILY WKH UHVXOW RI D FF
GHFLVLRQV SROAHV H\$FB R G GO PMWAE B R YHRIVD QAKHMWUDWHJI\ ZL
VIVWHP GHSHQGYV R KWKD BH&D YLREMAVYVRBER R QBQWMR/ ORFDWLR
YLUWXDO ZRUOG L P)ILQIW QW LIHMR E 8§ QRIDG ISR DWIGF D BURR/X/ F X O\
SRVVLEOH DQG LQFHQWLYL]JHG E\ WIKKN LPRDQJ MKW RUQ B FFR V GRX
RSWLRQDO FROOHFWLYH RU DXWKRKHWD®URQWDQ GRUHYKH )
LV LPSRVLQJ DQ DWVRKQRG HWL VLROR K @ DAHYFWD ZEKWHKUND AKIRH LU ¢
WR FUHDWH D FROOHFWLYH GHFLVHRIX GOKH YARY EL R OWHD LOT
ZKHUH DFDGHPLF IUHHGRP PDQGDW HIYVOW KK WHK B UHH Y X Y BIHUPDH
DQG UHVSRQVLELOLWLHV ZLWK U HRWSHRL | RUGG P VSEIQLIRWHDWH
QHHG WR XQGHUVWIRQGE WHH K WP SEWHIDRXW LIRIQAKHS LILWDO [
FKRLFHV FUHDW HOMKEHD R SWKLLRRN\ HRIDW? WKKIQRORIQ V VDW DRIHG
WKH VIVWHPV 7 KWIKBIURFIXW M WD DYDY & DWK B UHD[FHW S P DQG F
SUDFWLFHV IRUWMWKRKN\ VPR WP XQRMFRQRORDREXWKDDVZ DQG !
DOO WKH HQWLWHW\D WK DYWWIQG BEGFIRWU MRXUQDOV JRYHUQF
RUJDQL]DWLRQV VKKXQG EHKIMORKBWKHGUEILHOG GLVFLSOLC
DVVRFLDWHY DQG DFFHSWHG VRFLDO EHKDYLRU 7KH DXWKI
DUFKLYHV DUH P DOQDJBIGGER @ 0 QRIFIRVMH L\Q VKHHIFD ®@WR GO G D W
OHDVW EH RQ RISIOPQWWHVH DVS KW MW WDWRL G VRKEPD WLRR B Qu

ZLOO EH DYDLODHOH WRAHRPNQO RZY DY &ZAHOD IDMVW ZR KX



$FFRUGLQJ WR 5RJHUV WKH VXFFHVV Rl DQ\ VWUDWHJ\ Z
GHFLVLRQV DUH VXDWBGQDE OHVDWIAWLFHY DUH ERWK LQGLY
WKDW DQ LQIRUPBKW LR/ SOWNRU A RRSEHWZOIW & UTHKDLYR. RUV S
UHVRXUFH ,QQRYDMROQDWPBRPDMAEVRISWYH RU DXWKRULW\ GUL

JRU H[DPSOH WKH 1,+ LQ WKHQ 1IBR\\ )HG HUD® DV
JRYHUQPHQW DJSHR¥HBVDKIWKRUPW\ GULYHQ LQQRYDWLRQ GH
IRUP RI D GDWD PDQDJHPHQW SO DQRUWM K K LIKIQRHHEBWU W R HLDQUFFKH
WKH\ DUH LQYHVWLQJ ,Q UHVSRDREB SUDFIMLLFAKHEYV WRBDMWWUR
WR IHHGEDFEN YLD HPSWHPHQ WRW L\R RRAG M VL Y HUV LW\

7HFKQRORJLVWYV EXIHD G\ DWW B PR/D WE WY LRIGWR @ K HL Q DROURDR |
VIVWHPV LQFOXGHV D VDIH GHVNWRZBDHGIYR Q RQNWPHQ@G\D B3 R R HA
ZKLFK UHVHDUFKH WWH ZAROURNX &/ FE D \DHE-DIERID X DVA LIRGOA WIKBRIWQ VLQF
LQFHSWLRQ LQ 0,0 QFSHH F HF G UVLW Q [IFRGV IS RIEW BFBWF FHVV LQ
HQGHG FROODERUDWU¥K LHYQ Y MM Q BAK@WKH GOW H WEPMDUS/HV F U
GLJLWDOO\ VXVWDLQDEOH SUDFWBGREFXP H@W\ ZLMHG OV R/ KIQ GR|
ILHOG RU GLVFL®EBHQS$R MIVF ZH® OSW\KD MF IBVG R BQW PD\ EH
L H MRXUQDO JRYHDWHMHAWQGRG SUYSEE]LDWILRW DQG DUF
WRJIJHWKHU FRQW®Q L EAKKAHH HWIRI F-W DXEIDIIE B 8 HUDGE W R LW O KD Y H
GREXPHQWYV WR PLQLPL]H GDWD O RWVE H3WHAHHDQ FKKHU R UN R IR Y/
WKH XQLYHUVLW\ VIVWHP GHSDUWPHGWJIRIQD D WELHDW® R R W KSHILL
SHHUV DQG FROWOHDKNHY DJOFHDORUPQWKHW PRGNV WQ O PDQD
GHFLVLRQV WKDWQIBHHH W \B Q FO RO COMISRH W \IVUWH RO WLPDWHO\

IRU GHFLVLRQV NNHRXW LWKSHD VVIHUF®IKRRHOIX MWEBEIWR R SXEOL



GRFXPHQW 7KH\ DRUHWDBHNVISRR WIKEBOHMEHE VDWOR MPMKIDW. FM\DKHLU G
VWRUHG WRGD\ ZZIO@QWB H LY'HDWHOODLIEVCHO R PDY REZZ K XQGUHG LIV
IURP QRZ

7KH $FW 21 ODNLQJ $QG 6RFLDOL]LQJ 2XU 7TRROV

$FWLYLW\ 7KHRU\ RRWWD GHIVHFRIWL 'S WILWHKWANK R RSQJ IS B IR\GK MW L R
ZKHQ LQGLYLGXDO VHOIDURIQPHOV W RERR G M [IVHHW LRY L]HG IR
PHQWDO SURFHVVHW VKIDWMBUE\ BXOWWX DQG RWKHU YDULDEO

W VKDUHV VLPLODULWLHV ZLWH % XRIREDQML ZHR W L HEQXW k
PDLQWDLQ WKH E DIV LOFH ®WWLUALLH B LRV GG HFHRYSMHF Q/GW R IJPW®RDW P LC
YLHZHG DV QHLWK HQ WXEWWD@WLLIDIDF & BW OH VDMUBEWWUH LPS
DQ\ QXPEHU RI SROVLEDHWSKDOWIHY 6XFPKADDQWHUBFWLRQ DQ
HYROXWLRQ ZLWKRRXRXWRRDUVYHG/ FROEM WKL H[@KK XVHYV D FI
DSSURDFK $7 DWWHPSWV WR DFFRXQW IRU FRPPXQLW\ WKH
WKDW GLFWDW HFDQIQ/R \ HG RD Q$ D @ DIQ GHRQ MIH. Y DIATH[HY 9\JIR\
GHYHORSHG $7 LQ WK H HQW R U WLZG! GWKEBILROP HQ B-RMLH [P HW D
7KH DSSURDFK HPHUJHG IURP WKH 0R& RIRZ Q@ GWLRHWHHR R 3 @'
WKH :HVW ZLWK WKH HQG RI WKH &R @R® SXW HW K, \M A H UDJFH) FHS
WKH HQHUJ\ Rl H[SDWULDWHY LQ WKH )d68 ¥XFK DY SAR®Y\ (QUE

UHSUHVHQWDWLRQ RI $7



Tool

Subject Object

JLIXUH (QJHVWU|PYV UHSUHVHQWDNMVLVRY R 9\JRWV N\
OLHWWLQHRINL 3XWDL S

$FWLYLW\ WKHRUYHOWSPINYWVRW K RRR WE RRORV LIF XQ L
GHYHORSPHQW FXQWX WDME GQGH T RG KD & DG/H Y HVA\RBPGIQ W
HFRORJLFDO DQG IX@ RWLR QWD K\ \RMIWR WIKFHR D BAR EYW XWEM H F
DQG WKH REMHFWKR Y LBIRQWDWWR Q+RI;UOD QG S

$7 HYROYHG VLQFHLIQUWKH LQWRIRG SRIEV W KALR@ERQQ LQ
6FDQGLQDYLDQ FRXQWULHVY DQG I$VSED QWILFIBO FRIKS7 KXW URQ R |
FRQVFLRXVQHVV XQG KD AW HYRMQ G LHOP B Q JW K ULROX B G XMW Y LW\ L
WR WKH H[WHUQDOXBGDPHRYFHD WR URVR IL ¥ XHP[DMH D@ QYD FW LY L
SUDFWLFDO JRDOV 7KH IRFXV RQMNXKHVEEWHFZMWVD Q@ R EBNHHH R
DOWHUQDWLYH SHRW SHIFMKIOYRS PRI WODYWRAHO/O BYKWRELQG LV L
HRUJDQY WKDW DFSBHDR V HYOR WKW LFRER WR WHKQY IR D GK XV LW
DQDO\]HG DQG XQGRUWWRFR RYQO\ZBRE BEWLYSW\" 1 7KH FRU
LGHD H[SDQGV WKHDDRYH R ¥R Q DMSHARIFONGL R @ \ZDW & LK HWV K H L
RU WRRO 9\JRWVNLWRWR SIRIUFK DQEHR VI LPBIQUHVLEH HOHPH
LV ORFDWHG LQ OWK M DI W XEIMWF XK FOEOMH BW DAVAG RUPRIG R Q VR
SURFHVV  $V WKHVH DUWLIDFW\KEHFRRE DAVIOH Q QBQ M LW K DADK

VRFLHW\ FKDQJHFXW RHKXWKIHRDEREBWLRQ RI WKH DFWLYLW\ §

SK\WLFDO D QR YLLUMWHDIDFW DQG HQKIPVH WRE G\Q EHFER® P HGRF L |



Instruments

Subject Object :> Outcome

Rules Community Division of Labor

J)LIXUH (QIHVWU|P HQKDQFHPHQW RI 9\JRWVN\
$7 UHSUHVHQWDWLRQ (QJHVWU|P HW DO S

:LOVRQ VR XJKWUW R VI 8 Q DWLIH INQ £ UBM IRD YOL BURCAHV V R
LQWHUQDOL]DWLRQ M[X\HV @ QG LMDGPOBON W RHW K LPRMXJW DIOR S U R
WKH WRROV ZH FUHDWH %HGQ\ &KHEKRNQZ WAMGHQ HPVUHGY!
$7 DV D VWUXFWXUHGP B WRPSIX\R R WHEW HYHD F % G\ HW DO
D YDULDQW RI $7 NIV B %U\DWHPAWL Y L66\S 7 K3 B HP R6@$W U D W H
OHDUQLQJ FDQ EHLYHHZHIX OB VLY B B RIFHHW R | SOIG IRWBDQFH |
GHVFULEHG EDVHGI RG IXDDWVYRYQ RHAKDMOHWPYO &KHE S ,
FRQWUDVW D JURXSKDRR®P WHDNGI®L DIEKL WHR B D W TIK$HS LIRE XV LV
WR WKH 3KLVW RAW DDION \OIR\F DWK HISI XOQWDP\W Q W DXOKX Q HW H D W X L
FUXFLDO OLQN EQIG/RHEM® FXEMWKEW DSSURDFK IHDWXUHV WKH
DFWLYLW\ DQG W RH GXQMEWDHO E WO WEROME® @R WD DLW  *X WL

S &XOWXUDO +LVWRULF D OP BB\ VYW \ DTKSHR UW Ké&i+ B/K H.
FRQWH[W RI VRFLWWS U RV WIDWKXIDKIDVRD WEKHWRUER QGBI VH DC
WKHRU\ LQ UHVHD WK R ROUDFHR WOFRWEOGH G WR GHVWUR\ WKH
GLUHFWQHVV LQ OHDUQLQJ DQG WHDRKHQWR S WXKQUGRRH W O

FRQVWLWXWHYV 9\ RROWR/INVRK\E-RMEWGRAYMW HEOEW ZLWKLQ DQ pDF



WUDQVIRUPLQJ HDFK BRWRBD VEBD \DHIB/QMWKRIY VD Q@G DHV WU |P H
WKH DFWLYLW\ VRR R QIO G H5 UXIOH R QFOR L @W HIED RWERR U W R

UHSUHVHQW WKH DRFDRBW LY@ MR H/Q WWHRPU DMLVRW R DUBRGHO )L J
DW WKH MRLQW LI R L DIQID\ODWL W KJEDXXDRCH D PWVKYQ WQ G LY WKLV P

LOQWHUHVWHG LQWWKHPSDREMHRQ MRELDO WUDQVIRUPDWL



ORGHO DQG 5HVHDUFK TXHVWLRQV

7KH HVVHQWLDO HOHPHQWYV RI WKH\28,8 OFIDLCR XV 5 MKW V$ R

GLJLWDO SUHVHUYDWLRQ HQYLURIWHQMR &R B S WW DD IQU®M\P HZR

DQDO\]H WKH F U HKBHWLRSX ®1 VDR6 P8 SIHRI HDW/HAKRLQMHO IRIRPDD UHVH

Storage

Instrument

Hardware and software

Producer Consumer
Subject Object :> Outcome
Principal Investigator Digital Asset Sustainable
(Anthropology, Information
Atmospheric Science, Package (SIP)

and Computer
Information Systems)

Management, Planning and Adm

Rules Community

Data Management Plan Researcher Community
Technical Support
Administration

inistration

Division of Labor
Personal
Organizational
Third Party

J)LIXUH SURSRVHGRWUBQNDRIFKDGVE®B WR D VXVWDLQD
LQIRUPDWLRQ SDFNDJH ZLWKLQ $FWLYLW\ 7TKHRU\ FRQ\

DFWLYLW\ XVLQJ (QJHVWU|PYV PRGHDLWKKB Y\DALEMHRM LBQWRWE X

6WRUDJH DORQJ XRWW\UXQ@G VO DFRRPUD QR QO J HDRCHR $/G BIOQ L VW U

SURGXFH DQ RXWFRPH IURP DQ REMRFMQ WHEHN M FRAD VIHR U RAKIKOHG FE

DUFKLYH 'LWKLQ WKH UHVHDUFK RRGEDO \R X OMWLLPXID IP 1D KREGE

LPSURYH GLIIXVLRG WIDGLUR QY O BRMALIEWY DW WKH XQLY



8VLQJ WKLV PRGHRWKKWJI WS H BIU ERRUBIROWAHRWY WRHIQWNV D(
SROLFLHV DERXW WKH ZD\ UHVHD UKH GIDA\W Y WV VRO @/ \W B Q QUHHEO
PRGHO
5 + +RZ GR UHVHDUFIKWDY BDMDJ B VG PYOMURML WHYVHDUFK

5D+ +RZ PXFK GDWD GR UHVHDUFKHUV KDYH WR PDQDJH

5 E+ :KDW VWRUDJH UHVRXUFHVY GR UHVHDUFKHUV XVH"

5 F + :KDW GLJLWHRHGQGWWDUPLQ@D O J DARWHILWM. WIWHWHGQR "UH VI

5 G £ :KDW GLIJLWDONISOB PWIOHHWH BRRQUHVHDUFKHUYV XVH

5 IHx :KDW GDWD GRFWHWHRDVIKEHHMVUWREBHVKHLU UHVHD

51+ :KDW FULWLRADOORWWHBDYHQVED KDYH RFFXUUHG"

5J 7R ZKDW H[WHQW KDYH UHVHDHPKRW SODHGE/HG WR |
5 *+ +RZ FDQ GLIJLRPAMDEHSBRFPXQ DRMDIWHW RVIRPBHRMB UFKH BHUP

RI WKHLU GDWD"



&+$37(5 0(7+2'6

B6\QRSVLV

7KH FDVH H[DPLQHAR XBREZHWX ®WMNG WHWDLQLQJ FDQ EH FRPP}
IDEFXOW\ WR UDLWHRYQI® RO OURAMHUERH. WDO SUHVHUYDWLRQ |
JRDO RI WKLV VWXES ZRNFK RVIR Q G3 DBLHFG EHRMHKIY DWLRQ D
WKURXJK FRPP XQLFDXWHREQ H MK W K BGK@RM\O X H B RHAVGU RIQW K L Q
GLVFLSOLQH ®WUMFHYIDEXDWHIBY WHSS R WWHIGH BOIG DAUMPH Q W
PHVVDJHV WDLORUG\E OWYWRHY &R S VEXERMPREUM KHXBROWVHJH R
XQLYHUVLW\ ORYH®DGH WV WDQBUKWRE K GIDWK ROWHUDAWRLUHV S
PDQDJHPHQW WKH VWXG\ DVNHG KPH QWVHDLFEBEHU W K 8 LW KRiZ
GDWD ,QGLYLGXDO UHVHDIFRHYVY DUH WKH XQLW RI

7KH DSSURDFK LV BNRGXW K HVKFHWAS, bW\ WKHRU\ WR UHSUH)
LQWHUUHO YWHIGD SW 8 ANFWBBHSW KM HBLYDWLRQ SURFHVV 7KH
PXOWLSOH GDWD FROOHFWLRQ PHWIKXRBYOWK B &HL O HOXQWH G LK
DQG IDFH WR IDFH VXUYH\V WR FUBD VDI DUBIYFIG GD WIK N HB R

SURWRFRO QXPEHU +  7KHPVWKG M B URKSHIEW HGF 06 IV
GHSDUWPHQWYV D&W KRMRWIDAG\R 68D WFKWVDEBGH FAKRXHQ IRU \
GLYHUVH HQYLURQPWQW @ L YLIGK DROFIZEW Y DWDL B GG B WIDFSWLHHYV LQ
GHSDUWPHQWYV ZKLIOBUFRQ GUOFW LIOHAWHXWHFIK. UYRMX B WMW.LFDO V\
GLJLWDO GDWD 7KH\ HVWDEOLVK KM KWW DQXW LFD ONKIHV S B WIDN
UHVHDUFKHU IRFXVHG RQ VXFFHVVNMNGDWDJRDQ@MN NXIEQ W 8 DP

FRQGLWLRQ UHTXLH[F\O DHY MDKUHAKH GGIIWVERRHADVQ D QIGPIHQ W H SUH V



RI WRWDO LQWWLDVPGLQRQDFMVHORSKEAU Y P W MNLHYOV DQG Z
ZKLOH VWDQGD W®&Q.D WK VRKL PDNHRHWXEPILVFX QWY PRSUHUWLVH
UHVRXUFHV H[LVWFD® ADPB® VWXWFHKD @ FH D KKHXQRRPHIV LW\
SURYLGHV DQ L QMWR W XMQ®R QLD UGNSEFIK Q RORUPBWYRRDLQWDL
ILOH VIVWHPV DQGPBR@QIDFEWENXSUHY¥RXUFH DYDLODELOLW\ W
LPSRUWDQW IRU L @IRRSWGRI & K/IZAHWIVQ DWQKIHP BBBDE&Q\ HYRO®
JURZLQJ GLJLWDO HQYLURQPHQW QWWAR UNYRHIUGVBDRMWHR VX D
FDQ H[FKDQJH GLJLEWD/ONPDUDRIW PHQW Q BRRFY DY BHW ZRWE SRZ
WRRO WKDW FDQ OBWHRQ \ULRISRWUNQG@WKDHDEFWHULVWLFV RI W
VI\VWHP

61$ SURYLGHV D \OYWRIPRKOBNRWW KRZ BHRRBOBODHG JUR
UHODWH WR HDFRXYWKHRIU WK H [RGQYZHIDFY +6 H R $YH) DIFWR OV U X C
DQG FRPPXQLWLHVOGHFRNOR B/ IDPY IKIRERDX D OQ DEQWMRRQH 6FRW
VWDWHV WEBWNY R 6 DIDEHM DEH PN RONVEWMIBI HQ SHRSOH |
FRQFHSWV LQVWHDGRHQWHVWLRWY D QFXRVG HIDZZHL EMELMLY W L F V
WKH DWWULEXWLRQDEXWHRQ WKRIGMV\GRAFMIE H/FWOQWVH W
DIJHQF\ DQG VXEMMHEWNYEWLQF\WXGHWIXBK BHRVXWHPEHW ZHHC

FORVHQHVV FHQWUDIOMLDWH @ WH XIFQ/S\WLNY X FWX UQGLN LGXDO )

$ %

& ]
J)LIXUH 6RFLRPHWULF 6WDU

SRVLWLRQ DQG WKHLU OLQNV WRKMKRVIHF SRBWO Q@ AMMKHPVDIMHD



LQGLYLGXDO DWWLWXGHV DQG EHDEFRW G LG W WRUNF B QY VO \M UY
VWUXFWXUDO FR@FEHUQWREB RO RHLYWHDMG FO L | 1 H KRU RDQW K H
DQDO\]HG VRFLD @ RWKIHD § Q®MPLIRD WIPRQG WHKG G BRWIHWQHV R
$XVWUDOLD +L\G2RRUAL R PHOWUH QURHHY N DLUF KV G Y H (TR SP\H-OW R E
ORUHQR ORUHQRTVKBHYHDHEG R SPHIGWDR MEKKLHF K/ B FRRWW GHV F L
SUHFXUVRU WR QHWZRUN DQDO\VLV UHVHDUFK +LV VRFLRP}
RU QRGH UHODWUR®Y\DVKRZQ PV BURGHEFAWHL RQ DOLXWAH  3$° 2%
DQG 3'" OLNH 3(° EXW 3(° RHZLQLMRP BLDRGFHSMWD DLWK WKLYV
UHSUHVHQWDWLRQXMRUGH Y¥H GRS/ | NGOG KBSV DL WRFLLQ D VRF
ILHOG +H XVHG RO KXR D W XFKXODWHWFRSRGR I \WDRQ & QUGH U VWD C
VWUXFWXUH Rl WKH JURXS $GGLMLRQDOQH PINVQGKIY AVWHG H.|
ZRUNV IRU 3&° GHSRZEWHD® E\DW K HL QRIUBNQAN LRV, DPQG ¥ LWV RQ W.
FRPPLWWHHVY ZLWK & GHSLFWHG ELJWQKIE PXRWLSWR ODQGHNL
SRVLWLYH 3% OLNHV 3& RU QHJDWH YDH P3'RIGIRH® & RM HORLUNHL

H[SORUH LQ PDWKWMRB W DMDHOU & H SIP XS HIQFG HEQI YWAHRHIPP BHQRV L Q

$ :
V%’ VM
& )

JLJIXUH %DODQFHG DQG XQEDODQFHG VWUXFWXUHV
FRQQHFWLRQV EHWZHHQ *%  DQG 3&°

RI UHODWLRQV™ 6FRWW S +HLGHU XVHG SRVLWLYH

SRVLWLYH RU QHIJDWLYH DIILQLWI\L[HE ALIDI@ VYW WHHIRNH RXGV VRK



DQG QDWXUDOO\ WUHQG WRZDUGVNHEBEDOD® FIHIX WKV W IS KW W L ¢
VIVWHP 3RXW Rl EDODQFH’
6FRWW FLWHVY +DUDU\ DQG 1RUPD Q M IP\DMKKUHPXOIW LIF® OV B R
TV 37KLV EUHDNVBKRRRBN FRIQ MLR/RWRKRJIDR QAN SWED ODQF H
LQGLYLGXDO PLQGSHMUNWR QXD B DRO DLAAMHILQ VRFLDO JURXSV™ 61
OLOJUDPYV UHV H D UFRKHLGXWR/ \R YOUH G FBQR FSLIHWU IV PID QW \VZ RQ ON K H
WKH H[SHULPHQWY KH GHPRQVWUDWHKG ®RD®GRHVKRROA [UY
KH UHFRJQL]HG UDKBIWS HUWK® MORZYV RQH KXQGUHG IULHQGYV
SHRSOH LGOMKRXWKHEW GAWR QRWRWQWHPXOWLSOF
FROQHFWLRQV LQ PRKQH \WHDVERYVNK RARNEEB § QWR D HWIZRQRY HW
XVHG WKH UHDROWMW[BHOUL®BH QW WRHDURMIR R H MO WLHV
'HDN WLHV UHSURNMHROW WKW ZAROD BEWHWYHDQQVPQWT XE& MR WP DW
GLVWDQFHV DFURNVAHE DH W IRISN H \RHDE W H G VEK MQVD @ @V VR FLD\
WLHY DUHGUESUBBHQWEGX DOV ZKR DVIHRPDPER YV ERIMD EBRAMR HAWD ©
FRQWDFW ZLWK DRRAMKKW K HLUR B Y WRASLD RALHRWQY K D'V QR Y WW W H L
WKDW LW LV WKWRDRIGVWWKKDW D g WRIFFDWLYRHDLWBRQWP LW W H G
QHWZRUNV 7KH @ MKR V¥ GFIDAWHDWDKAR XIOG QRW EH LQWHUSUHWH
QHWZRUN GLVWDQWHRU®NMV POW EW 2R-FDHOFMD R BM V8 REV\DWDQ 7K L
FRQFHSW LV FUHWLIF D/® W® ID@J D BIG(QJOLVK SURIHVVRU PD\ E
IURP D SK\VLFV SWDIGIOVREUHEXVR DHFFRORHDIXBELRX D GLIITHUH
FROQWLQHQW
7KH LQFUHDVLQJ SREHULRN\ RQ G FOFFXMMHD/UB RBRY HGR S X L

PRUH FRPSOH[ PRGBOWRZVWW\NODUKHWBOQ QUHNDARWN BSRRBUVLYV W



DOORZHG UHVHDUVWDWW. WVARLE 8§ SWIRVVEIRFD O @ V KIHOQF WF LHQF H V
SK\VLFV 1HWZRUN QRGHV DIWH B RXFH SHMD\Q CGIBME W& SO HDEM

LQ ZKLFK KH FRRYHWMIGUMYDD \RFHDW LGRHOWZ RDW MKKHO G
WKH VWUHQJW Kb IRN HZUH BVNK RV MMRWW QVWRA UV KBEHW ZRUN DQDO\VLV KL
*RRJOH ZRUNHG WIKDO SWRYRH MAKWH POUWLNHWILIHIQ G DMAD D WHRVFH P S\
GHYHORS LQWHOOLJHQFH DERXWH®W HWUJRJ R WIRSNVHSHGE Y L KW DDV
ZDQWHG WR EQWWHNU ROWEKUWVWDZRUOG

&ROOHFWHG 5HVHDUEK , QVWLWXWLRQDO 5HF

7KH UHVHDUFKHU GIRZMEORD G 6 GWLAXW LRFDX WHHERUGYV W
VXFFHVVIXOO\ VXEPLWWHG JUDQW SURWRWDO WU HFRR &'Q WWSHLOD
DYDLODEOH IURP WKH 9LFH 3UHVLGRI GWDRW BIQLNBUNKVZH €VE
3UHVLGHQW IRU SRVYHWKHEKHDUY FHVVIXOOVXKEPLWWHG JU
WKDW UHFHLYHG RQDW RDOWG DZDVIE®AGHG QMY DHHHBM QG R X
DUH HTXDO (DFK WHFMFRSGLBRFQSDOIMEREU D\GPLQLVWHULQJ GHS
FRGH FROOHJH VSRQVRU WLWOWG IDZFARNX® WD WH HI INNHR/IHD UHF K
HDFK JUDQW UH YV HDUGXDSU B MW BVUE ¥ HQ 8 EFEWIKY W KASIR QVR U X\
GDWD YLVXDOL]IMWMR@@RIWZDURGHY DQG FRQQHFWLRQV ZH!I
QXPEHU RI FRQQHFVKIHR QN VIHD DFE\DE ERPEDRBG HF® MROGGHO L P
ILOHV LQWR DQ $¥VRFVDG\HGDIED FK UM UHD S FK MU YWHRFR B O HJH
WKH GDWD LRWRME PN SAKRUNVSDFH

L, QLWLDO ,QWBDWH I8 XY ¥H&&DWHIRULHV

7KH UHVHDUFKHU F RQLGX WW HGR LIQ AW RRHE REEARJ VDIRMXRXP H D F K

WKUHH GHSDUWPHQWNVQI\R H WY MHRANM D\OHIRAVK. R Q VOBDWYMHHG DSSURIJI



KRXU 7KH LQWHWYWBLHZ D @8 UMUDIQVERIQ ¥ HZG U H KEHD T 8 VRD W K H

DQG LWV VXUYH\SHRFHQGL[ $ &HHFKRVHDRIGKH HODWLYHO
IDFXOW\ PHPEHU IURP HDFK GHSDUWPKI W HVHD BOKH B RIWD AHH ¢
RSHQ HQGHG TXHVWLRQV DURXQG D UHRKH QW \SLIRMHFHW WKRIX
DQVZHUV LQWR EGRW® FPDWDIRE HOWY QDU B PE QW SEDRWLEHYV C
DIWHU WKH SURR @ FOX ULRGD ODER SIDR MAVE MWK EBLRHYA DWBWR.Q D Q
VSHELILF HYHQW Q PMK\D WHPDD \LW KHX KEBW® ZI7WHK WHWHDUFKHU
1&7 1RWLFH WKLQJV &R O@MFNMEKE @JV)UPRSH S Z L WK
$WODV WL TXDOLWDILY VR @HUWVYN WRHPHY IURP WKH LQWH
FRGLQJ ZDV GRQH VBRMLR¥I © NWKHD @HMFOMY LY  2QFH WKH WUD (
FRGHG WKH GDW D@ RFWRWWGH GOD LY & RWOFKTEW X B¢ HOQIDHIB W K H
GDWD SUHVHUYDWWRHIRQIRYP NORRQHE/IMW SQ6GRWESAMLHQFH
UHVHDUFKHU XVHGUIKHG QURPP\D WH/RW HOBHE BYYVYHRY D PRGHO
VXUYH\

J)DFH WR )DFH 6XUYH\V *+ '"HWDLOHG )DFW )LQGL

7KH UHVHDUFKHU FUHOUNHG LDQ ¥ X\DUOWR H DEVP LYBISHOMBWL Q J L\
WZHQW\ VHY HQUWH DX b HVELUED AN IL D MXFAAG R WBIFH VHVVLRQV DW
VXEMHFW{V ORFDWLRQ 7KH IDFH DVRGIDFIHRQPOOY Wi DE50 RO
LQIRUPDWLRQ )RWWYI[BREEW DDM UB&/® WHK PN LWKHIDPLQJ FRQ
IRU \RXU UHVHD UF&D UKD GIR PAD E O/IB/KHEH E\ WRXW G LYFLDO H[S
PH WR DVN D IROORRRRSH VAHHEU W K D RIZW.K W\ KGHLLG) GRWFNOOLQH

VWDQGDUG IRU WKKHY-H WRHNROODMRY. DBGHHYEFMHY B QWHE WD/ LVWL



DQDO\VLYV 7KH VX UWYAHR BBPHNGED LODNWRGIRXY SUHDGVKHHW DQG GH\
FUHDWHG LQ ([FIHOGGW®RIG HDYHOBHHARPPHQGDWLRQYV

J)LODO  OWHUYHHAXV UELQVXOHRW B (ODERUDWLRQ

,Q WKH ILQDO VWHRJ AR Q& XFWH\GH D @ BAELU K LBIE Y HAL \W B P8 X V
OHDGHUV $V WKLV VWXG\ KDV VKBHEQS RWX\HLEH MIMA\ R R O VELLS O
SUHVHUYDWLRQ 7KH ILQDO LQWHUXKBWVFDHU B QBGRVERKVIGE B
WKH KLIKHVW OWXMWQR @ IZ WIKAK LKRXDISO! 3 EHHVYWD W ICRQ LQ W
BWUDWHJLF JRDOV DQG GHFLVLRQM WYXHH L7GWAWLNRWX IURE® DU
WUDQVODWHG LRWMRZWKH KDYG SHIBRMIOFH VR U7W K HWV MBUFKHU
HQGHG TXHVWLRQ V[SEELFHDQG W K MMRGHGIHZ S\ROLQ W HVRIDJE K 1L O

QRWHY ZHUH WDNHQ DQG DQDO\]HG WR/IGRHNHORS ILQGLQJV D



&+$37(5 5(68/76 $1' $1$/<6,6

7KH UHVHDUFKHU XVHG GDWD |URRF XUKH \WQW W LHADXVE RRI@ W
HDFK WKH PRGHOTV ILYH HOHPHQW VU XXHEW HFQ'G IGQ Y WILXKPH @V
7KH DQDO\VLV RI RRBK G CEXW CR3 WERI X\QKGH H @ WIDWQRGQRHQW [RU
GDWD SUHVHUYDW LR H@QLAHRQPWHIWEX G DQUSW R B RPLIRGV VSHFL
WKDW DUH SURE O HWPWD WU FUB FRBRIQQREBDAIV ERWRW KB WQW R/R G D
SUHVHUYDWLRQ HOK®RHQYHY PIRGH @ X5 SROWQH G GRWDKDWH KD S\

B6XEMHFW

&68 LV WKH &RORWDEQRIVHU/Q®\JEDWK D PLVVLRQ RI UHV
RXWUHDFK WRDWVKHRQWDQH SREXGIUH ZHUH VWXGHQWYV G
FROOHJHV FRQIHUULQJ XQGHUJUDG®GX®MJIH HH W D\RW 8 MWV HD@\G
VHUYHV Rl &RORURBRBIARFQWIMXWH ([SHULPHQW 6WDWLRC
UHVHDUFK LQ VHYHQ UHVHDUFK FHQBBUY GLYUQEXWH G5BIVE
B8QLYHUVLW\ ,QVWKWXWRDRYDG B HWIDVWH 8QLYHVLW) S

LQ WRWDO UHVHDUFK GRGHODQLY HY VLW \&R TR UDGR
5HVHDUFK 7KH BRPISWD K RS R VOIDWRHN DWWS BVRWP D QD JH
SURPRWH UHVHDUEWKDIHZ FRPGSBGWYROYLQJ UHIXODWLRQV

7KH SXUSRVH RI WKWMRUJUWDWR58B8RFRWH. PQIS WRNH QW H (¢

RXWSXW RI WKH 8QQ D WU RIQWD\OW R GOBRPERQMIDH WQ BIW L RIQIDVO Z L O

PD[LPL]H LPSDFW &R 8 UBGHD UG KB O VHDQKBV K IDIKFOKL SKIWR | WEH

8QLYHUVLW\ ORUBRD®UDEBROBEWD®WH 8QLYHVLW)\

7KH UHVHDUFK VQW W& IUHHG! IDFX@MA LIR GRISDG R/ BWOW\H BWY L&

$QWKURSRORJ\ $@MWKIUR RIQ/MEKHHURB $UWYV $WPRVSKHULF 6F]

&ROOHJH RI (QJLQHHUW Q@I RUP® & RR QXQVVWKHP&R GOHIH RI % XV



2YHUDOO GLIIHUHQFHVY EHWZHHQ WKH WKUHH GHSDUWPHQW\
DQG DFDGHPLFV 7KHVH FRQWUDVWYVY SURYLGHG ULFK IRXQG]
DQDO\VLV ZLWKLQ DQG DPRQJ HDFR VGIHE® ZWW K QWK HDX QA GIO \
RXWVLGH ZRUOG

7KH UHVHDUFK GROODUV DZDUGHG WR $WPRVSKHULF 6FL
ODUJH LQ $QWKURSRCSRIURJUZRPOKD W K/Hi HQ VLIQLILFDQW JURZV
EXW KDV UHOLHG RRQXQGKHU VREKFAHW LWV SRSXODU RQOLQH
WDEOHV DQG SURYLGH VRPH FR\PKSH GBS DYKY P& RVUWP D WL

7DEOH 1XPEHU 21 DHQOWH PADHASDUW®E Q VB H VQNDWIEW X WaIR O R
6WDWH 8QLYHUVLW\

$QWKUR $WPRV &,6
J)DEXOW\ &RXQW

7TDEOH $ZDUG 'ROOBBV([SWHHBIQPBG RXHBMN[%\ 'HXROMRRIDGR ¢
8QLYHUVLW\ 9LFH BUHVLGHQW IRU 5HVHDUFK

$QWKUR
$WPRYV
&,6

7TDEOH O6WXGHQW (RQUW®aRMWQ WQ¥ W KGR IORRMWIDIAS & GEVNHEDUWNFL W \

$WPRYV
&,6
$QWKUR

$WPRVSKHULF 6FLWIQH K& R @ CGHDIHWRR IVQR QOW KH LIRR W KR GOIO V

DERXW WZR PLOHV IURP PDLQ FDPSXWXDWWH GRRVUIRPNV KWYH D



VWXGHQWYV ZRUNDEMVIK QIS BA\ W IQKE DV BN X BN \JIRED O FOLPI
ORFDOO\ DQG JOREDOO\ ,WV KXYH IEACHIH Q R WHDEDHVINR W B HFK
UHVHDUFK LQFOX®HVP RGRIEIDA QD U B HVWEHE KHRAQP®D WP RU P
GDWD VHWYV W HUHE\WHW D@ 6$S H WIDHE \BMD QOEB\VRY  7KH )HGH |
JRYHUQPHQW IXQGV WKMWISHHS ROGIGHDDBOKH V KMHQWHWLYH WR
SROLFLHY RQ GDWD DFFHVV DQG SUHVHUYDWLRQ

&,6 LV SDUW Rl WKJH & LIKOO i HH) W UEBFSXAG HVY W HD¥E K VW X
GHVLJQ LQIRUPDWLRQ V\VWHPV IRU RHI B QA [DHELIRIQMDOH G MIF 5 D
LQ WKH SURPLQHQWHAMORBGOHQH 9 ¥M$R SORQHDFURIKDP LV KF
ZLWKLQ WKH FRWDRIQHYMFKOQRORD\ LQIUDVWUXFWXUH 7KHUH
LOQFHQWLYH WR S UKW W KR QOERIOPBIGHH @ WHIRDOWK H: L WK L C
SURJUDP VWXGH@\WD\VPDOQHQW MQ&W MDD DQDO\VLY ZKLFK DUF
XQGHUVWDQGLQJ WUKQGN VWRKH B X VRPN B FXKRR JRDOV WK
DQ DZDUHQHVYV Rl ORQJ WHUP GDWD QHHGV &,6 ODUJHO\ UH
VRPH UHVHDUFK JD QMWYG DG K LDWWW WIDIWE IRU HVIKHR B SULYDW
IRU LQVWUXFWLRQ

7KH $QWKURSRORJ\ GRS\ K MW PHQWHBEN SOIROM I B L&E H U L
$UWV ZKLFK LV DFDGHPLFDOO\ GLYHDEB JALGKX D WPHL [ VR XGHY
ODVWHUV DQG 3K'V ZERFOXGRUWMRIUDSK\ $UFKHRORJ\ %LROR
&XOWXUDO $QWKURBRVRIN | LEDAV KARRESFB R MW VWRIGL PG DUWL ||
SDUW RI WKHLU SBDEWLFHB & & VB SRIBRVGHUYDWLRQ DQG DU
VKRXOG LQIRUP WWKIIDW GR QL WHIOD SDRW RIQHWFSDEMWEKRZ DQW

FDQ VWRUH WK HILRDRRIQWHORW.ICR R V8 WRLLLDAJ H)\HH@R [V DIBARIY AW W L P H



FKDUJH FRVW  7HKRHDHV L R ®HB BB RSR O DB\ KRZDFWLFH DQG F
EH D SDUW RI WKH ORQJ WHUP VWW D DLGIF DX G P S\ VIEQ B/GIIUQ
UHFRUGLQJV DQG DFWXB& XSIK\ VK HE@HDEUIPDH/IRFUV M | | ROWMV W R ¢
DUWLIDFWV DV D PHDQV WR DFFHWVYIRWX HHR/G!I Y BIHK. QW KAFK HS R E
RULJLQDO VW DWHD Q7 KIHITX LUHV M B BERHK M R/ FIHVR H G D\SKIMFZIDQ | R U P
VIVWHPV *,6 RU JHQHWLF PRGHOOLQD U JBR PEX B/DWAS VDDV GALL
VWRUDJH UHTXLUBPMQWVWWHKDIG QSMDYRE\WHY SHU
,QWHUYLHZV UHYHDOHG WKH UH YV HDBSRKHIN W B LW IKHHILHIQ @/L
$QWKURSRORJLVWWD @W\ DXP/RIX QMWD [RIIDSAD. PDKID W RKKIHHHGK D X V W
JDWIKStW 7KH\ KDYH LQWL P IPW 8 XNDHR BOIVAIMHR WKLRKF B SHKBIY KO
OLQN ZLWK LWV APRDQBFOKREYV DRWGIDHYVUVGRFEPW®EDVHV
WKDW DUH SVH® WRSXBDDERQW\ B&E Q HED®MWH GDWD IURP VH
VRXUFHVY WR H[SODLHVDBG LPISH RHHVBWREG\WRXEHFHIRP WKH
FRPPHUFLDO RU SULOM WRVWH B\D R/DAE PRAKE\L YORJ HQV F DIHO WK H U H
LQ EXVLQHVYV DQDO\WLFV ZKLFK URBXLILAD9BYU\ & B RY SKHWD F
UHVHDUFKHUV GRZQOIRRE® KKXGH UEDOYD Q.GY R WHHN) PARLRX Q P D G
FOLPDWH PRGHOWWILNK KB L& IDFKDWHVW QHHG LV WR SUHVHU
DOJRULWKPV WKH\ XVH WR UXQ W OHJ I? FDGHIG\D GQ R\W$ WKH 6 R RQ@
7KHLU VFLHQWLILF H[SHULPHQWY ©Y\WWD /i UXGDSIHDWIEIFOM L [D\Q
JLYHQ WKHLU UGD M LL\QN HRW D EXYIXWKILE B R YALRCARD QLGIR RPDW L R Q
KLIJKO\ SROLWLFL]HG FOLPDWH FK HQIHD GIIRWAKVYRRQW L % IFS!
IXQGLQJ VRXUFH DQG WKH VHQV KWMLK L 1K HR/IWWIKZD W HOHHWR/O MR W

WKHLU GDWD DPR@PHQYWM @&XWUIHMHI GHSHD UYYWHUYLHZV



,QVWUXPHQW

7KH UHVHDUFKHU HR DEL® N & UYHN HIUHVERRIG! 18 W DL\DH WAKRY /D L
WKH SUREOHP GHWFUXBWWRRQ D @\OB HARR OHW B MMIYR@\RS R X
WRWDO RI  UHVSRQGHIGDWR YWAION FRXRN\D WKSIUG B SDM WP HQ W V
UHVSRQVH UDWH @BVIDAWHR[SHGEWQBWRIQY KH RKHISQRO EFW ZK
PXOWLSOH LQWHUVXHXW\ IDFSHUW R ER G B Q GG DOVDNN\R XAVG D BWD HV H

7TDEOH 6 XUYH\ 5HVSRQVH 5DWH

$QWKUR $WPRV  &,6 7RWDO
5HVSRQG
3RVVLEOH
3HUFHQW

Rla — How much data do researchers have to manage?

5HVHDUFK GDWD RDMNRXH SFSIMDWOHNRG LHPWUIGZ JERHOUDMHG R
DFTXLUHG SURFHVVHG UHY L HYFrHGOQ\PUHWEFQO® RH[DPIYQM G D C
FKDQJHV WR WKH GDWD KDV FHDVHG 7TKH GDWD DUH HYHQ ¢
S$QWKURSRORIJLVWRDIQG WREDPOIDAO\: VWK RQH H[FHSWLRQ QR
JLIDE\WHV LQQISQN KWRIPDAIRJIL D @G L&, & F ISMPRMSKVHYV YHU
GDWD VRXUFHV \D\E DWM L\Y B MW LRAD HE@VH P RVGKHHOMN. @O L]JHG Y H L
PXFK VPDOOHU WEKDH) WKH WK LW L\DRDP MMD I WLQ H VGIOWRXJ K LQV W
UHPRWH VHQVLQJ IEXWHRMH@\UW K PGIDMEDI DRIMH \GHRZYQOHORD B PV H U Q |
LQVWLWXWLRQ VXFI5E DVKRSE DWORXYEWE WKHLUDIQHGKE\ LQW|

ZLWK WKHVH UHSRNVKW\RDGR 8 VW& KREPW\U GIPHWD W XVWHXQBW U G V
LQ $WPRVSKHULF SRLIHEEHQWHBHDYWYNW PRQH\ WR SXUFKDVH WK

ZLWK DW OHDVWQR @RH WUVRMIF S/MVRBWHDOWLYHO\ HYHQO\ VSU



FDWHJRULHV EXWHVKIHWHKIHHLSR Q B H WDQRX ORJHHYVV HAKRHQLGWDG D W D
QHHGYVY DUH HTXLYDOHQW WR $QWKUWRSRKRIORXADULWKR KR\W PRR/S KA
6FLHQFH WKHLU OQQRHHGWHBR BSWRUWBW\DDR ® PWIRODIOW OHVYV V
WKH\ QHHG WR UXQ D SURMHFW 7QW\D DRHIWKHDO HVWH/G RQVADE O

7TDEOH $YHUDJH 'DWD 6WDWH %\ '"HSDUWPHQW

+RZ PXFK RI \RXU UHVHDUFK GDWD DUH«"
$QWKUR $SWPRYV &,6

5DZ
3URFHVVHG
$QDO\]HG

J)LQDOL]HG
fA 1T TA9U TA Mo9U TAGTHIOU O0AIIGS

R1d — What digital file managemepriactices do researchers use?
7TDEOH LV WKH UBVYIDBU¥FRHQWITRVHOBEHRY INQROZADABQIB IJHPHQ\

7TDEOH )LOH ODQDJHPHQW .QRZOHGJH

+RZ ZRXOG \RX GHVRHEH \RXW KN RZOORZLQJ"
$QWKUR $WPRV &,6
*RRG ILOH QDPLQJ FRQYHQWLRQV
OHWD GDWD
%DFN XS VWUDWHJILHV
/JRQJ WHUP GDWD SUHVHUYDWLRQ

6FDOH ORZ +LJK

'KHQ WKH VWXG\ DW & K DWW MAKHHD GALKGHELEW DU D I RVZNE BV KV KVH W
SDUWLFXODUO\ FRXDPEMN@W LIFKR X ME @ MAMHQWWH G, QLVOHHUF VW L Q J C
DVNHG DERXW |IRO GWRYQ®@D WEAW PIRSOX DHDWSR Q GH R WR/OWOREZ XS T

RI WKH  ZHUH X Q IBHWWDWQWKH GER XEDNWDF K R\DH) @IRUD Q VZ H U
TXHVWLRQ IHHOLQUGWXDSN RK FIDW MWD DQ@RMMPEGRRIPWR&HLU GLVFL:

UHSUHVHQWY SDUWLFLSDQW VHGQV W W R VUHRSEGRY VRE QD RQ DA



ILOH EXW DUH ZHD KR X (O® KHMHD ¥ DWKBEDXKHY GADHDOW KHURX D SUR M
FRQVLVWHQF\ DQG ZRDUVGE REH FRQWD B VIRBIL SVYRRUDP W

7TDEOH *RRG )LOH 1DPLQJ +DELWYV

+RZ RIWHQ GR \RX XPM SKHWROAQRXUQUWDQGDUG ILOH QDP

\RXU UHVHDUFK"

$QWKUR $SWPRV &,6

5HSUHVHQWYVY ILOH FRQWHQWYV
1DWXUDOO\ RUGHUHG QXPHULF RU DOSKDEHWLF
&RQVLVWHQW WKURXJKRXW \RXU UHVHDUFK SURMHFW
ILOH V\VWHP
YROORZV VWDQGDUGY HVWDEOLVKHG E\ \RXU
GLVFLSOLQH
YDFLOLWDWHY YHUVLRQ FRQWURO

6FDOH ORZ +LJK

'LYLVLRQ RI /DERU

R1b — What storage resources do researchers use?
SHUFHQW RU PRWDHUNK HPDHDWAXLGB®W E\ WKH UHVHDUFKHL
WR SD\ GLUHFWO\\W Q $MKPHR G HDSDAU &/ B HVIWRJWHH D ERRIXWK HLU UHVH
FROOHJH VHUYHUV $QWKUR LV WKWVRJUHDIWHQWR GHR QY X WHX QR
OLFHQVHG $OPRVWRBR WRVHDUD&GGPMDIQWDLQHG E\ XQLYHU
WKLUG SDUW\ V\WRBUDKBUMNGHHDOWH G \DINKRHP DRYIH GFD P RY WKH UHYV

OLVWHG LQ 7DEOH



7TDEOH '‘DWD 5HVSRQVLELOLW\ $YHUDJH 5HVSRQVH

:KDW SHUFHQWDJHHRILWY HRW VRXWDUHVWHDUFK GDWD DL
$QWKUR $WPRV &,6

ODQDJHG E\ \RX SHUVRQDOO\

ODQDJHG E\ VRPHRQUFXLWKRQOD HRIWBIWLRQ JURXS
ODQDJHG E\ &ROOHJIH ,7 VWDII

ODQDJHG E\ 8QLYHUVLW\ ,7 VWDII

7KLUG 3DUW\

'XULQJ WKH LQLUWL\DW ZDQW RQWLHZFWAR UV KDWR Z XD IR | F R
XQLYHUVLW\ UHVRQMEHW R ZIOWHH3Y HVIRQW H U YA K | MWIKVHNUHVHD U F
ZD\ WR PHDVXUH WOXWHWXWKRQ WHWRGHHQ UKW HMUBKH YW L R
,QYHQWRU\ 27, HWDPHU ZDVOXVHG DXUYUWRIHWRB® XDWH Ut
WUXVW RI FROOH UK D@LG DVDLLR G DV VERABIQVFLAHG LQ RUJDQL
PDQDJHPHQW OLWHWDINX® K6 URKO AL DNNGHXAM WK D I GWOILRW IR Q
DQG EHWZHHQ RUJDQL]DWLRQV  &XPH®WUXVW S$SDV DQ LKH\L
EHOLHI RU FRPPRQ EHOLHI DPRQJ DHIURQS LRIL GXG DY R G XIJARX §
JRRG IDLWK HIIRUWY WR EHKDYH LQ DFFRUGDQFH ZLWK DQ\ F
&XPPLQJV s 2YHUDOO RQH ZKR.X & G/ H[[ §DRW HP HDW V
UHVHDUFKH U VI IWZR WK XYW LT GW QG LD WHHWKDIW WKHUH LV
RYHUZKHOPLQJ WWXR®DIOQ, RWIDMIL] DS YWKYWR RQGYHWRRW\ ,7 \

KRZHYHU DV LV VKREZYDYHUY ZWE O/HUHVRXUFHY DUH YLUWXDOO\
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JLIXUH 2UJDQL]DWLRQDO 7UXVW ,QYHQWRU\ #*

R1f — What critical research data loss events have occurred?
7TKHUH LV D VWURQJ LQFHQWLYH WR XQGHUVWDQG KRZ G
OHDVW RQH LQFLGHQW WKDW WKHYIKHRVYWVGRWYUHYRR W DY 16
DJJUHJDWHG DUH VXPPDUL]HG LQ ILQBUMLGXR2OWVWRIRYKRWVKL UC
WRRN PRUH WKDQ RQH PRQWK WR UMABYWKDWKWKWH\ZRHNXHU2B
UHFRYHU WKHLU GOWHG Y, QWHXWL DERNMK VSVHIYW W D GLYH
SRUWIROLR WR PDQDJH IRU GDWD K KBRRYHY\ V&RPIHRWWRRIJ B RGF
HIWHUQDO GULYHV ZKLOH VRPH EEDYFLWKHQGURWHKW WK\R RN H ¥

WKDW WKHLU UHVHDUFK SURMHFW SD\V IRU



> e0 57 v C Kv CHB} JA | 8} Jw}E 8Z v u}vsz
A ujvsz

J)LIXUH 7TKH PRVWLW@HPKM D@ ZWDFEKRFUG /W PBDLOD V HY/RNDW FF

ORVW UHVHDUFKHUD @ OXMWPRWBWLIRFQGXWRAER EB ¥ N UX & >A0LIQ J !
IROORZ XS PDQ\ ZHUH QRW FOHDU ZR/Z LV \DWX WEIW LR Q SVKIDR
GHSDUWPHQW LV GRLQJ LW IRU WKHERKRZHKHHDV \PRRMWNDRE RBRV
WKHLU GHSDUWPHQWDO VHUYHU VQWHNWHGRK@RWL W \BSDLFBBOG \XESLC
GHVNWRS FRPSXWHUWKNHWE BWH YWKXH)UHVHDUFK FRXOG QRW Y
WKDW FOHDUO\ NG LIAHY WHARYHEPDREBE ROBHWRLERE WHRVWREVU FOLI

DFWLYLW\ PD\ EH WDNLQJ SODFH ZAKHW DM GVKRRW W RELEHHL Q@ X
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JLIXUH %DFNXS J)UHTXHQF\
7DEOH ODQXDO 2U $XWRPDWLF %DFNXSV
0ODQXDO $XWRPDWLF

$QWKUR

$WPRYV

&,6

&RPPXQLW\
'KHQ DVNHG KRZ LOQX\MHWHYNBREZOW ®FH Q & KNHK D MV HWD UR/K DIR X
IRU D UHVHDUF KHHWRRERDWDWWIBERBQ FDPSXV WR KHOS PDLQ
WDON ZLWK WKHLU FROOHDJXHV UVRIDE RUWVLESXOW WRRW VAW X &
RZQ EHVW SUDFWVFRM\ E6HRE6 KHR WW &L USIRHIDWIER® UEXW DV VHE
SUHYLRXV VHFWLRRO GRIHLBHQ@OHWRIEDWD JH WWKMHILU ILOHV Z|

LVVXH W LV HKWHIMWWRUGUMVRRQGW. JDKRH M DLOQXRURPIDIWLRQ TUR



VHUYLFH RITHULQIUR WD QR WRFONKDU OV FROPIPESRQLDPOWWE G Q WKLV V
SUHVHUYDWLRQ LMNRD ERPSIOHHVYVYWDXW R A HWY X@KHH FHWRDLO XU H
UHSRUWHG EUHDHEKRWQ WKHWVHQYWXWVUW PRIQ PERUHDIMNWVH DKEDUULHU
GLIILFXOW FRPPXQLHPW WRKDWHIQW BWURIQRRO® VYRMD BIURR EUHDN
7KLV LV D SUREOHP IRU WKH LQVWLWXWLRQ JRU HIDPSOH W
FROQWUDFW DJUHHPBHOQRWR PW VWK) 6 R*'R REMWHL WIKXKODW XIORY.IPGM HG |
VWRUDJH IRU DOR\XIQVYY HHIRRWIW | HR>XZMWI H XYW B U UH ZRIGW KH UH'
7KH JURXS JHQHUD Q8 HGHIBWDWEHNVIWARKHHS Y R PMAK/ VLW RUBV HD
EXW WKDW WKH\ ZHUH DWW/ OR D GBNAHVEM VWIAHNVGWKRWHOS UH
XQGHUVWDQG WK H H WAWRKHHMUI DEIBON DU FHE/HKYIHYUD BPHARJU RVIKKRIHG R Q
DQG WKHUH DUH N QWRLZFOHIEI W DEYDH CBRIARD B WRH)G FHDIDWO LU UH V H
VHHN WKH DGYLFNVRDI$URKHWVDRQABE® UDEIRXNVWA RMADOWWHQGH
R1c — What digital data managemerditiing activities do researchers attend?
1R RQH DQVZHUHG DIILUPDWLYHO\ ZKH® @QW YHR® RVRKR PV @
VHVVLRQV KDYH \RX DWWHRROGHWRELVRIRONAEZH G W RAQ\R XSWH UV R C
DQVZHUHG DIILUPDWLYHO\ ZKHQ DVNH®VKRS WV RQ\ \GDWD RPO\Q
\R X DWWHQGHG WRHWRE CEHAWL RO GRRORQ &\68 ISRIVMWHQW VDLG
WKH\ KDG KDG VRPH IRUP RI GLJLWRBLG&GDOLY PV Q O KEXFH QW WM [
FRQILUPHG WKDW AQKHEM YW HS WHBHW UFBIVQZIQW KWRLQURDBWH GD
,Q JHQHUDO UHVHDWBRKWIU\Q LVPKHI\G DRWOR ZAID\WW K LRI W/KH LU U
SURMHFWYV 7KH @H WHHPLHY HBRUSLO@Q@ QRU WKH PDMRULW\ ZDV W
GLJLWDO GDWD DNMBWHRMNHWHKHAK HDFXIOW\ ZLWK PXFK ORQJHI

DFNQRZOHGJH WKDMDWEKH VD WLWFRE OUHRB VE K WDW KIDHW RRUKVLELOL!



UHVHDUFK LV GR @MW HONQM RH MWK W VE B XLIQ (ZHRGJ ®AR VB KIIVIEW IS U H V H
SURFHVV WKH UHWHERQWHEHDUWK IRDWDIY YDRDURWHRBE ZKHQ D
VKRXOG DOORZ DFFHVV WR LW DV UHRAXLUHEGHED D,0\DEH® LA ) H
VROH SUHVHUYDWILR QRWHW B R QO/D.GH SOXRWNH.FONWKHS RIUD V X EP LV \
LV D SXEOLFDWLRGRSERRFWOW R R WEKBL WMIRUWEKH\ GR QRY
WKDW WKH GDW D H WHRG DLOA RQ D ®\OYBIOALYHQ WKH ULVN RI WD
Rl WKH LQWHUYLHEZHHVOWD/L & DIEGKPMMWWKDWD GHVFULSWRUV E
GHVFULSWRUV ZHUHW @P® XEH® RE MGPHTKQ W & R WVPGIR/D G DW D
LQFOXGHG LEDQWRLW NQRZWHGJH DDIR U G DHRAHUAYIDADIOR R UHE W L Y

7KH GDWD VKRZV \WWKBW D B GHDIyFW HMR BPFGIIVWLEOH WR
FROODERUDWR UWL RIXWY R®H WIKFHX DM MRAH HFD\RK ® [VBIFFHV V IR L
DQG WKHLU FROODERUDWRUYV 7 KH BRVEH @ WLLOHD RYLHANY/RRIN F@
FROQYHQLHQFH DQGUKSDSY BIURN \ XWRHO RWWIWER B® X GHK M QUAWIMDU OHJD (
IRU WKH VSDFH EX\DL\Q MMV YUHHW 10 REDBULNR QMR LD QBPMUH DIWHU
F\EHUDWWDFN $0W RRXIK W KH MRH® WIORQEE VWHIRDUWKDW DQ\R
WKH ODWHVW (QG 8WIQW /LAEW QAKHH S\ORMMYGEF H ,\ WKIHM BUXDOO\ GR}
WKH OHJDO ODQJXDJH ZRXOG EH XIORBHRBVWRRG HEZ BR & [EXHV D
XQLYHUVLW\ KDV PLWLIJDWHG WKHY®HURY S V0 ZEWKV® LWHOQW RV
DQ\RQH ZLWK DQ H,'

OLFURVRIWYTV 2QH' WH/UHD E \ VA VVIR@R I RW RS E W DX @ O/ IRRILDA H GW k
LQWHJUDWHG ZISW R GAKKENL W R | X IHWHRUDML W ¥ RREOBIWSUIRYGGHV E
XQOLPLWHG VWRWDIH IR 6/ WDFXHD@MW VRWFGIX D W MAX GMK H\ FDQ F

WKHLU DFFRXQW WWR DQGD®XP® [F MPAREMMHK W R KX SPQV DUD G X D W L



WKRXJK WKH SDFH RI FKDQJH LQ WKH SK\WVLFDO PHGLD IORS:
VORZHG DQG HYROKHG OMRXW® KH F O R REGHRPW QLUWRYHRX PRUH FR
DV SURYLGHUV WU\ WR PHHW RXU @HMW&VF ORKH ¥ WDRJHD B l{ OAMRIC
ER[ FRP 'URSER|[ $PD]IRODWDQWNPRADHG LQ XQUHJIXODWHG FRP/|
UHSUHVHQWY D QHZ ULVN 'URSERI[DZ®WYHRH QMR WRRGSIDE ¥ H UD
VHWYV WR VKDUHQERW[KVHQWBOQDOOKHE XQLYHUVLW\ KDV QR D.
FRQWURO DQG WKHBODWDWDLRIY RDLQWDLQHG

Rle — What data do researchers expechare from their research?

,Q JHQHUDO UHVHDWR KV KIDAXO WX HQENEGIWW D) IDIV WHR P HV KR Z
$QWKURSRORJ\ IDFXOMY B WHR PRRWOW D MDY G XNUKLKDLJUUMHIYAH D U F K
JURXSY DUH ZLOOLQJ WR WUXVW DOO GDWD ZLWK WUXVWHG

ZLOOLQJ WR W UXgD/OS |HRF 16 \DWHIG 7D NGHID @ \ RGXHJ LG UHVHDUFK



\I\I('F}

ME]VP Z « & Z

o m Vv n(;l .R,]\/ n]l

véZkE} §lu}~

E} }v

SZE} &u}e

t]$Zz vC}v

J)LIXUH :KDW GDWD GR UHVHDUFHKHUWHD HFXKH F VW WWLRY) VY KBIW H O

2QFH D UHVHDUFK WHR MHVWDLW K RBSGHO DX PWHKBR SH Q¥ KHR

DV VHHQ LQ ILJXUH

7KH ZLOO LI S@RNVWYW MWYRY \ZKKHDH FIROQY [EGIH)

VWHSVY WR FRPSO\LQJ ZLWK IHGHUDO RSHQ DFFHVV UHTXLUHI



i19 I
i9

véZkE} Su}e

ZE} Su}e
E} }v §Z vQC}v
JLIXUH :KDW GDWD GR UHVHDUFKHU\D H FXKH F $1 WHRU VIKIDWHHD

S5XOHV

R1g — To what extent have researcheysded to file data management plans?

7TDEOH OLVWV E\ GHSDUWPHQW WKHKOEMUKHE QMW BHHH @ |UH
VXEPLW D GDWD S QNS PWVIGVRWA B \EDINDYR @ IRMVEFRRSKOLDQFH D
ZLOOLQJQHVV WR GR VR LQ WKH IXWXQHPEBHWY RM 180 HUDYWMAY
GHSDUWPHQWYV UHBMWHYU Q B S RVR V&BBQEHDY X HQ U WE OXODWLRQ
SURYLGHV WKH FRQWH[W ZLWK ZKLEKPWKD GDWD ZW \Q R R ODUHF
DV WKH VRXUFH GIDWDV BDYFHRQWKWPRY RRDB OGWIKBWR KDYH GH¢

VRPH PHWDGDWDWRURMKHAKLWDHS& \8J WPWH QW VKDV K5 BSHBWVLWHG



&68 T7DEOHYV DQGVW IFRQRIDZKHDAE W KRB D WIDHXYDRIUVWRUHG E\
GHSDUWPHQW

7TDEOH ‘DWD 3UHVHUYDWLRQ 5HTXLUHPHQ'

$QWKUR $WPRV &,6
'R DQ\ Rl \RXU IXQGLQJ VRXUFHV UHTXLUH WKDW \RX FUHDWH
PDQDJHPHQW FRODELWYRQ RI IXQGLQJ"
TR DOVRINMRXU TXQGLOH WROWF HRXUMEDWHK \RXU GDWD
RWKHUV SXEOLVK LRWURED VED WROR\EFEBR WD\ GDWD UHS

'R DQ\ RI \RXU IXQGLQH WRODWF NR/XUSRMKEHUYH \RXU G
_EH\RQG WKH OLIH RI WKH IXQGLQJ"

'R DQ\ RI \RXU IXQGLQJ DJHQFLHV WHDWHKH WKDW \RX SODFH
GDWD LQWR D GDWD UHSRVLWRUHG®DFI®WUDO SODFH ZKHUH
P L QW D L QH G

+DYH \RX HYHU GHBERVGWWO GBYMWWAIRUD GDWD UHS
CUHIHUV WR D FHQAUDD ISODWHR ZHEIBHES PDLQWDLQHG *

+DYH \RX HYHU GHERVGWWO GBSMAWMRUD GDWD UHS
UHIHUV WR D FHQGUDD [SODWHRUIZKEIBR A EHLQWDLQHG "

, ] QRW UHTXLUHG ZRXOG \RX EH ZLQWIRQD WR VXEPLW \RXU P
FHOQWUDOL]J]HG UHSRVLWRU\ LQ WKH IXWXUH"




7TDEOH 'DWD 5HSRVLWRU\ /RFDWLRQV

5HSRVLWRU\ /RFDWLRQ '"HSW
_3DOHR GDWDEDVHV RI $PHULFDV FQWKUR
TKHLIJLWDO SUFKDHRORJLFDO 5HFRUG w'gs  SQWHKUR
LQWHUQDO *URXS SWPRV
/DZUHQFH %HUNHOH\ 1DWLRQDO /DE SWPRY
1$6$ ILHOG SURMHFWY SWPRV
$WPRYV

1$6% XQVSHFLILHG

1&$5 XQVSHFLILHG

BSRQVRU XQVSHFLILHG

7TDEOH OHWD 'DWD 5HSRVLWRU\ /RFDWLRQ

5HSRVLWRU\ /RFDWLRQ '"HSW
WSS $QWKUR
1&$5 XQVSHFLILHG SWPRV
/DZUHQFH %HUNHOH\ 1IDWLRQDO /DE SWPRY
1868 2DNULGJH SWPRV
1868 XQVSHELILHG SWPRV
$WPRYV

1$6$ XQVSHFLILHG




SHVHDUFK IDFXOWLORKRRQ Jm NWWU R@RRIDEXE FPLHW B B W W 5 AR DD
UHSRVLWRU\ LQ WHMHDUWFKXKHY HTWHOCF WRIWRFDBe€aH GIORU HDVI
$W IDFH YDOXH WKHUH DSSHDUYV DMRDERD Q BB RMLMQW H O B § SURK;

7KLV IDFW LV IXUWKHU UHLQIRUFHGKEW KK IR XQ G DWEIJ @HN V KR E

7DEOH 'DWD ODDQIUMRBMHBHDUFKHU $FWLRQ

SQWKUR $WPRV &,6
'R DQ\ RI \RXU IXQGLQJ VRXUFHV UHTXLUH WKDW \RX FUHDWH
PDQDJHPHQW FFROPEL WY RQ RI I XQGLQJ"

+DYH \RX HYHU GHE®RVGWWO GbYDOWWNAMRUD GDWD UHS
UHIHUV WR D FHQG\DUDD ISODWHRUIKESBH G PDLOWDLQHG "

+DYH \RX HYHU GHE ®RVGWWO GbBbYDOWWNARMRUD GDWD UHS
UHIHUV WR D FHQADUDD ISODWRUZKEIBDGEHOHLOWDLOQHG *

+DYH \RX HYHU GHSRYILWW®R DQGC PW IPDELEEBWYV LWRU\" 1R

R2 — How can digital preservation be commitated to researchers to improve the

permanency of their data?

%DVHG RQ HDUOLHWVHIUH\KHIDPW M G VERWHH NVW B ROWHOG JXHV
RZQ VWXGHQWYV [IKH UHRHPDODMKIHROQ XVHG 6RFLDO 1HWZRUN $Q
FROQQHFW LQGLYVL®XNW Q6BHWKODR K KK W K H KK QIGAMHDVYUERXBR VHOI
WKUHH GHSDUWPHQWWHBENMWHSUR QUW RIMILRIQKS | XGE QMKH FRPSD
7TDEOH LV D YLOODKHGBWDROQ\RIXQDGH# JUDRW W KWRW KUHH
GHSDUWPHQWY LQ WKH VWXG\ $QWOKWR 8 RMARZN W @ MIKH DXBE 1

BFLHQFHV RQ WKH ULJKW $WPRVSHKHWIFROFM ERWHKYV KDINZD K&



JUDQWYVY WR IHGHWDRIDNKIQIEW HDZ D BBW 8 G ED QWKW K IQY.LHU OL (
1$6% DQG 16) ,W LV EHVW WR GHYWORSHSUFHRGIQMBDWILRQVWLE
RSWLPL]HV UH VR X UF®OX \FHU 1D D\G HS/R WHIRG WALN EBIWWE PIHQW Y $W P
HLIJKW FRQQHFWLRIWKWURGHRO\RZL W Q G/ ROHDFRQWHKFWE RQV

$QWKURSRORJ\ DQGH&FR YRE BW LIR ¥ LOLMRK N8\6 R S )W BLQ 5HVHD

BWDWLRQ $00 BRGHRQNKZUWK EQQ K)E§RDBGWS G'l$ V36D U FK
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J)LIXUH "HLIKWHGRYIX)W GHHULHH*UD QW YV 7DUJH\



7TDEOH "HLIKWHG X WHGERUBB 5HVHDUFKWHWAUDQPXNCA *URXS

, G /IDEHO 2XW 'HJUHH "HLIKWHG 2XV
SWPRSWPRVSKHULF 6FLHQFH
SOQOWKBRWKURSRORJ\

&,6  &,6

7KH SUHYLRXV YLVXDDQ]RW L\R QEDGIGY BR 7 \WPKHH W K LLHIHH G
FRQQHFWHG WKURXJK YDULRXV |HGRIQODOWKID Q%)LKD \D DHREFWH
PDQDJHPHQW SOD@&WHIOUHFMHEWLSK®EQ IDQG WKH FRPSDQL

LVRODWH RQ 16)KOLYKDHHGHEPUWNPHQWY WR 16)
VRPHRQH LQ HDFK Rl WKH WKUHH GHSDUWPHQWY KDYH UHFH]
VKDUHG H[SHULHQFH RI UHFHLYLQJ RQ D®&)HDWDIRW MOUD EGLQH
LQGLYLGXDOV LQ HDFK RI WKH GHSBUMWPHQWV\ STKIHQW UIRIUQE K

XQLYHUVLW\ VXS &RUW RN Q WD WRIRIDU/F K LRARKS MXKQHL WM V

NSF - Engleﬂug Grant

NSF-GEO- (et

NSF.CISE-Compul@l's il Sci & Engin
NSF-Poldg Frograms

NSF-SBE-Social, Billiv & Econ Scionces

NSF - National SEi Fv-_-_Fwnditlon

J)LIXUH "HLIKWHG 2XW GHJUHH IRU 16) SOWXYGE\UMLRKS* UD C



7TDEOH "HLIKWHG 2XW "HJUHH 16) 5HV&EWXE K *UROXBW V

! IDEHO 2XW 'HIJUHH  :HLJKWHG 2XW 'HJL
$WPRV $WPRVSKHULF 6FLHQFH

$QWKUR $QWKURSRORJ\

&,6 &,6

(LJHQYHFWRU F HQRW U B RX WEMIEHRGAD DOMBER ZGL VWU LEXWLRQ

LV RQH H[DPS G IEWHBZQ FMWD@MWIV [URP + ZKLFK LV WKH
ILIJXUH ,Q WKH WKDWRBP HQRYBLULFH. GXDO KDV RYHU FRQQ
KDYH WHQ RU IHZHU DWWV DQG &\ WKJO W) DMP\R QS UCLWK G
OLNH WKLV LQGLFDWH D VWURQJORH RQ @HFERDHIE @HRW DRSU SIKBIQ
DWWV 8VIGQS KHIOIR ZRQRQ D Q GHRIWD\QRY RZYHDMWHW LY WV KZ H N
WKDW LW ZRXOG GH FRWPKXDQ PRV ERQY® B RIQDWKIZW HR SHRSO

HDFK GHSDUWPHQW



Eigenvector Centrality Report

Parameters:
Metwork Interpretation: directed

Mumber of iterations: 100
Sum change: 0.0

Results:

Eigenvector Centrality Distribution

Count

Score

J)LIXUH (LJHQYHFWRU &HQWUDOLW)\ 'LVWULEXWLRQ #

7KH UHVHDUFKHUJWRB® \50RNHWHMGHRAKDG WG HSDUWPHQW

16) HYWDEOLVKHG WKH GDWD PDQDJHPMHQIW BRYD & W\H UXLAHLYH
JUDQW IURP 16) V IPGRHNVWZKH) WHITQXWRHE H S ERW V) WIKKH @ HW ZR U N
UHVHDUFKHUV DQ®DIUMD QWS KL7 KD VRIXQ WR H O RFPYOW [EDD/GIG\
WKH FHQWUDOLW\ Rl HDFK QRGH (DFK JUDQWLQJ DJHQF\ QD
DQRQ\PLJHG ZLWK W R RXP BHKH UH SGIHSDHMM RJHOMS D GHD WL Q J
LQGLYLGXDO 7KN HXQW BHE |DFKOWH $ WPRRWK URKB@RWY UHSUI
WKH UHVHDUFKH U JXR\GHIH GDIRH EHHIMRHBUL Y. IVVD ELAOXWAY HU L QJ R
FHQWHU RI WKH WLKIDXW HVK®G IDRIHVHYRVHO\ FRQQHFWHG YLD W

DQG K WR WKH UHIXW7KHAHDH BIVQ MR G/WMCROWIRKH) QHF W R1 WKH |
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JUDQWLQJ DIJHQF\ PXWXDO WR $WPRYV
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JLIXUH 6XFFHVVIXQQUDRW WKEREASDUWPHQWYV VL
7KH UHVHDUFKHU RREXMHGL RQ VK RE VWANHQ 16 H VXQG E® H U V
JUDQWY DQG UHVHDUFKHUV FRQQHEWHG TIQHW KBVWKERIGIXEG B S\
EDVHG RQ WKH VXUYIHY B C5W D FHQDW BHY MY KRV H IAKRG DQ 16) JUL
DUH QRW GHSRVEMYQQVWHM PHGOMIDFHQW DUH QRW XVLQJ I

D VLIQLILFDQW QRH) ERRSIGLRQ PMKMY @ BOWD W KGIWIHIMKO WYV D UH
GLIIHUHQW IRU WEBR YBDZLW KIRK W KIRZ E RQXWRH VKARDH[W WKU|

FROXPQV EUHDN GRH @® WKRIQSHA)FIKQWHEHG UHVHDUFK E\ GHSDU



IDFXOW\ ZKR KDYH QROWGURHFHEXMWGDHR) W VBB EVYURXFFK PRUH

LW DUH VOLJKWONKRY W EKRPISJRXCQWKDW KDV UHFHLYHG 16) |

GHSDUWPHQW OHDYWHGHSDQGIKQ\®WRRED DIDYW OHDVWHQFH RL

HILVWHQFH RI D '03DUHDXOXNHPHE&W WRUND U RMKRD\BEHKISYOLREH W F

LQ WKH UHVHDBUFKRRZ\G @) WKHE VWDWLVWLFV

7DEOH &RPSDUDWLYH 16) ,QIOXHQFH 2Q 'DWD 'H
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DOI-NPS-Natidhal Park Service

2e

DOI-BLM-Bureau nd Management

NSF - Nationa ence Foundation

1d

USDA-APHIS-AnimalPlant Health Insp Srve

Notes
1= CIS faculty, 2 = Atmos faculty, 3 = Anthro faculty
Each letter corresponds to a single, unique faculty

J)LIXUH ,QGLUHFW FRQQHFWLRQV WR 16)
J)LIXUH GHSLFWW WIKBFRE OV W HRDWKH ANH LAKIRG KIBY HX Q G L C
VLQFH ZKR DUH DOVR FRQQHFWHG WR IDFXOW\ LQ RQH RI
G WKURXJK DQRWKHU IXQGLQJ DIJHQF\ 32,836 7KRH DUR XIBQRSl &
ILYH UHVHDUFKHWXRUWRK X 5 HWR DV @/H R\XKO B WHK (RUIDW IRE XW KU HH C
DERXW GLJLWDO SUHVHUYDWLRQ @ 8 WWWSHLD QW WA RW N * IHWH/DD \E
LQVLGHU VWDW XVOEYWIXIH BSIWVMRKHQVIEBRKLBHSRY MW RMHKHWW UD QVF

EHVW GDWD PDQDJHPHQW SUDFWLFHV WR HDFK



&+%$37(5 ',6&866,21

&ROWH[WXDOL]LQJ 'DWD 3UHVHUYDWLRQ

$V GLVFXVVHG LQ WKH EDFNJURXQRX & KDBSAMVHU HY KH R RG(H
FDWHJRULHV ZLWK (QJHVWU|PTV HQKDQFHPHQW WR WKH $FW
DQG HODERUDWHG RQ HDFK RI WKHWILGHYHOQIHPH RW O D¥REMHR

DQG UXOHV 7KUSUGHWLRQLKI 2Q, 6 $@ ORY BW REGQ \D\GR/

Storage

Instrument
Hardware and software

Producer Consumer
Subject Object Outcome
Principal Investigator Digital Asset Sustainable
(Anthropology, Information
Atmospheric Science, Package (SIP)

and Computer
Information Systems)

Management, Planning and Administration

Rules Community Division of Labor

Data Management Plan Researcher Community Personal
Technical Support Organizational
Administration Third Party

J)LIXUH 6WXG\ ORGHO 8VLQJ $FWLYLW\ 7KHRU\

(YHU\ HIITRUW ZDV HP BEH WERI MYADLINYHH VWAL QY K DIV & IDNUARXMAMH G
WKH\ DUH WKH RUMDWRW RKR VKR BRG S RADN X QW W MUK WIDE X H
HDFK REMHFW DQG ILQG DQ DSSUR3KHDYWHVA\DYIGRHANM | R X BNMNHF

ILOH GLJLWDO DVVHW WKDW QHHGYIRUWRPEM ERQ YSHDWFW B GHW R, :



UHVHDUFKHU G H YRIOREHGY VIRKWF D QEFDRWLVUW KK R OIXGWKE Y H\ S
FDWHJRUL]HG WKHP LQ WKH PRGHO
B6XEMHFW

5HVHDUFKHUV KD YIi$ RAKWH. B UG IDWAHIBWR WHI K HE IV 6 R WIDV L RK H
GHFLVLRQV WR VDPAH GHDW¥FD SR 5 GOSHBPIVH KW YLIHP BMIKFW RQ L\
7KH UHVHDUFK VWXGELE B S\ K WHH Q@ WINGHPQLRGIRVD R W/ KUR
$QWKUR LQ WKHUDROHHIM RIWPRMSKHULF 6FLHQFHV $WPRV
(QILQHHULQJ DQG RWPRBRWHYWBPRURJ6 RQWKXK/H GROW 7KH
UHVHDUFKHU FKRVHHFERK\GH 8 D WK PHEXWINA K ¥ QWK \HKIVBH W R Z D
DQG WKH SUHVHU YDWHLR/H R IQMAHVULIEBMADRP BIQMK WX®HY FRPP.
GLYLVLRQ RI ODERU FDQ LQIRUP WKLV VWXG\TfV UHFRPPHQGD
. QVWUXPHQW

)DFXOW\ KDYH VH YS$K\D OFBIOR GBHWD IRIV\E B DOWR USK BRWID OF
FRQYHQLHQW DQG VLPSOH ,W ILW VDVIPH\OHD WRK PSHGRM R FG\D PAL
HDV\ WR WUDQVSRUWRW BSIRUWRHOFHWERUDJH GHYLFHV W LV
UHGXQGDQW  9H UV URQDPR&WDRGRINHY EHBWD HHOXH B HPY L F H V
'HSDUWPHQWDO &RONHGBVRL \BWQRYBWHK FRQWGRQGBGW ZFH V\
PHFKDQLVPV LQ $ORQFBIFFMDAXOQY\ I[LORHADWERQ\OWQEPIHQDWLQ
LQWULQVLF YHUVLRQ FRQWURO DWW XR O QQRBRN WO DGHWWIHURH \R
UHVWRULQJ ORVW ZRUN ORVW R UHD®QLFBWLER® W KDLYSP QG LE
WKHUH LV D FRVW UHFRYHU\ PRGMNKAWWDSDIEH IRUWSLEROID\ GK
VSHHG ZLOO LQIOWHK DV HR SWKIHRXQV H) BRIQHY \WH K D& \WAUHWHKD O WDN |

XSORDG $FFHVV LV VWLOO OLPLWHG LWIRH@® KER WHK HK IRYVHAWLLGNHC



HOHFWURQLFRWAID Q)LD BHIRERXK KOW HWRQWHGHU WKLUG SDUW\
VROXWLRQV 'DWD VWRUDJH FDQLEMKWERQM @ FIOWVH VL Q R F FP\KW
IRU HTXLSPHQW D\QGDS$IURTHWVE BRIHYE NODWIAHPPM@® EH SURY
IDEFXOW\ FKHDSO\W 8@JG GILUDWRKMRINIMRWIDG®R SRMWH 8QLYHUVLW\
VWDIl FDQ VWRUH RQH WHUDE\WHHRQHW ER BN R/IS\HINVGF DIRXG LR
XVH Rl WKLV RSWLRQ HYHQ PRUH

'LYLVLRQ RI /DERU

)DFXOW\ DUH FUHDWLYH SUREOHP VR O¥N B X WKHRY KZILY\HK 1M
RXWVLGH WKH RUBDQLIDMELRRQ\ 74DAW W R QOGN RIFN WK WKHLU G
VROXWLRQ KDV ULVIRVVWDEX®WHN D\HWWSARQ BIOF\OZKHQS WKH\ VDY
WKHLU SHUVRQDOGYWRVH® V XAKH WQBSN RWK H E \® HVG\RWR BFEDIDZID U H
EDFNHG XS SUHIHUDEO\ LQ JHRJUD/RKE BDG OX XWHS IV D W HIE0 DS
DUH WUDQVIHUUHG ZKHQHYHU WKH\ K JUDG M LWH RIL UG B RFDS X W/
VWURQJO\ LQIOXH®FAHHWHKDV FK B URM G BNW/OJ URKD WWVKH\ ZLOO
VROXWLRQV O0DQ\LEL®LKHVHY AV BSRAVEMOHRQ VeI & WIRI | ZKHQ
LQVWLWXWLRQDO GDWD VWRUDJBF F,HVWW BOIHZ LSOUR W& ¥ WHHG \D|
)DFXOW\ VKRXOG MRIDGMIH RUO B LQDBWH.R® W RKFR @QWWIVRXH WR Yt
IRUPDWWLQJ DQG WHRDWS PE UE LYAH UDAG R)GNK B WHH VHD WP/ H QY HV W
FORXG VROXWLRQV XVH ERWK RQ SWHBHYBWY NDIEO ARPE®YHDE E B
WKH SDVW ILYH \HPQRX G7 X WR®E 3DHH\G G UHHFH QWM QAKRXOG EH
FRQILUP WKDW ) (53X L+ BPH QW \W MR 8\QL RUHG GOWDIV HY KWIKYH E F

, QVWLWXWLRQD GOS DADW\F AL RXG & WRERLDIH XV HR YK HEIDU DSSUR S



&RPPXQLW\

$V GHSLEFWHG LQ IPXQUAV\ LQVMHKIEFRPVXG\ LV UHSUHVHQW
FRQGXFW UHVHDWVWVKR QUKMV, Z KSR R X5 § FOU/G \WHKKHHL B UHD\DH.PIIW L R ¢
WKH UHVHD WK H & RPN IFHDWWL R Q FEODREM FZISWWK R® LQIOXHQFEH V
WKDW DUH VWURRUSW Z\K\XQ FIRKDAIHE BFSBW WPRHFQ W K HQ IRUP D W
UHDGLO\ UHFHLY HGI VU R SHERMCOONVVRRB Y7 RAHID ¥ XPOHYA FDQ DOVR |
WR D FRPPXQLW\ GLIJLWDO SUHVHUYDWLR@ HYMRW XL O,0 I[FS\W FE
VRXJKW IRU LQIR UPDXWIRRQ TV KIHG PQRWVGH® WHR R XKUPHS IRU S
KDUGZDUH DQG VRIWZDUH WR VROYH VRPH RI WKH SUREOHPYV
D QDUUDWLYH IRU WKH FDPSXV FRRP X\QKHVE R\PP X 6 MW RZDOWK U7
GLJLWDO SUHVHUYR@®H®QL\E MUGWMMKH SPLRQDQW RI LQVWLWXWL
5XOHV

16) GDWD PDQDJHPHQW SODQ UHTXLUHPH QWVIHD D FUKHTUXL L
FRQVLGHU WKH RUJDQL]DWLRQ DQG7KHVGRW DWPLIRED RH MHQW S
SUHUHTXLVLWH RQOUBSISDU R K HW R DB $ SVO/HDWM KB RXIK WKH |
$GGLWLRQDO RUJDQL]DWLRQV ZLO O XOLLWNHHRCH QDG RVSRWS IV HEDHAULY
UHVHDUFK GDWD 16) LV DQ H[HPSODU IRU JRYHUQPHQW DQG
GDWD PDQDJHPHQW SODQ UHTXLUHPHQWY LQ WKH QH[W IHZ \

7KH GDWD PDWUWRY RWUHYYHQYLIVRALDQ QBWIRAON GDW D
DQDO\VLV«HDFK FDQMIH G VE X DHSRZHZK LDHH MUK W/ FE RACKX-P @ B U L D E C
6FRWW S ORFD O\ [QH ONPRRGRIQDOL W KR XW DWWULEXW
7KH UHODWLRQV EHWZHHQ DQG DPRQJ HQWLWLHV DUH GHILQ

FDVH LV PHDVXUHG E\ LWV DIILODDARPRP®Y HAHD /I RWLDW L RO



DFWLYLW\ O6RFLDO QHWZRUN DQRQ\YDV DOBVOMHW RHR/ I HF DN Gl RES
DQG DGMDFHQF\ PIHWUDLBFHY W KK B DRDWD WXIQRRWWP KK WY LWV R
EXW WKH DIILOLDQVLIBW VY ROQUH W KHHQRMW IRKUW IDKF WKHL VW IH QWY DU
6FRWW S 7KH FEDW B & WK WHOWIK 9 IHFHROXPP@QW D@ D PDWUL
HIDPSOH GDWD FROOHFWHG DERXWVIKHXUWU WHNNHLDYU MKLHHOWV LR/ QS E
LQFLGHQFH JUDSK 7DEOH

7TDEOH 6DPSOH ,QFLGHQFH ODWUL]

'LJLWDO 3UHVHUYDWLRQ DWWULEXWHYV

+DV

1R N8B QERHE YV 'G DRSO LQH
<HV %ﬁfi?%%¥%6)JquWKH'LNUNDODUG

JUDQW ZRUNVKRSH SRV LUWERALHQ|FH

)DEXOW\ $
)DF XOW\ %
)DF XO[W\ &
)DFXOW\ °

J)DFXOW\ $ KDV VXEPLWWHG DQ 16) YHDQMWND @QGIVWROHYHG B WL
J)DFXOW\ & KDV DWWHQGHG WKH ZRDRWKR3B3KHEXWIRDY MVRWR § XE
WKLV PD\ LQWHUHVWLQJ PD\ KDYH M@BPB\XW\ @DW E KK BRHYHH W

DGMDFHQF\ PDWULFHV



7TDEOH $GMDFHQFO BGMWWVHU Y DWW MRIQ J& W\ O LEXHWWHIW YD WL R Q

UV | 6WRUHV GOALBJLQH LV
VXEPLVDWHRVGH QG HG DMKH D 2+DUG
DQ 16)16) JUDQWJLWDOBFLHQFH"
JUDQWRUNVKRISSRVLWRU\
+DV VXEPLWWHG
DQ 16) JUDQW
+DV DWWHQGH
DQ 16) JUDQW
ZRUNVKRS
6WRUHV|GDWD
WKH 'LJLWDO
5HSRVLWRU\
"LVFLSOLQH LV
2+DUG
6FLHQF

~

-

LQ

H -

7KH FHOOV RI DQ D[REWDIFIHID AAKRD WHREK © BVID\QYAD $ R BX HV R W K H

PDWUL[ 7DEOH VKRZY GUKIH W B WSAMLEXKWHDWERQFHQF\ PDW

VKRZV WKH UHVXOW RI D IDFXOW\ DGMDFHQF\ PDWUL]
7TDEOH

$GMDFHQF\ ODWUL[ )DEXOW\ %\ )DFXO!

)DEXOW\ $ )PFXOW\ % )DEXOW\ & )DFXOV

)DEXOW\ $

Y)DEXO W\

%

)DEXO\

N\ &

)DEXOW\ °

7KHVH VLPSOH H[DMY®IDD EBB WY WROFKWDR R QWKKIL\S B/HKW ZUH H (
GLVFLSOLQHV DV6D XDGW¥KHPEWHLRIORRO GVEBW RWPKH D 1 IL QL YV
EHWZHHQ IDFXOW)\ $ @ @ KWZRGE N DEROIRMDM R YV MXBBWH DQG D!

VWDWLVWLFV WR QQLYHRWVHND\PESRAPQ MRWQR/HW PHDVXUHG DQC



ODQGVFDSHV RI VFLHQWLILF NQRZOHGJH FRPPXQLWLHV  &RL!
PHWULF WR PDS DG FBESHPDIGHFE\ RV KSKK POL1BEWL\R QR RYHU
&RLQWHW S WK H H HWZRUNG OL O RIGOS KNUHDVW M UB RP WK H \
SXEOLFDWLRQV EDVHG RQ WKHLU VHPDQWLF GLVWDQFH

7ZR VRFLDO QHW ZIRVWNL B @ DAOK U LW PDYIDBH XWAM B QU RK IR OGSD WA
SUHVHUYDWLRQ PD\ REUBDQG] MKURX IKUWKHLIJKWHG 'HJUHH DC
FHQWUDOLWWEXKRD®.D LEDADVIGHG JUD PWD V X H HYK RRHEGQ HHPW H 8 Q H
VXPPLQJ WKH QXP ERMHRRIHHQWERQ ®INFNMRHCGVWE BQW K XPEHU
FROQQHFWLRQV LW KDV ZLWK HDFK JYRQ W [DIPVS K HL YDH SGILU VHRUQH
PD\ EH FRQVLGHUHEG EMRVWHKH DRIQUZEAW KVE B QVWWRRBRQH Y H
$OWHUQDWLYHO\ D SHUVRQ ZKR KD\ VLY HVMW BRWYHEMWWHGC RADRD
QHWZRUN RYHUD O ® URQN HD ¥ RQ B X FRWUHRCH VER WWK H URQHF D Q D (
HODERUDWHG RQRIWMLDI 5RIHARQFIBIWYV RQ K KRARKSKO\ ,QG|
LQ WKH ILUVW H[OPBRHHDUHPMSSLEBRRLRH KT BN DO D SDWK
RYHUDOO JURXS VLQFH WKH\ DUH WHF RHDIOWGR QWK L B\ FEIDW HE
GLUHFWLRQDO TXXEBPWVWIVRQ$IUBPQMKH VSRQVRUTV SHUVSHEF
3LQ GHJUHH DQG DQ DZDUGHG JUDQMW ZRXOG EH FRQVLGHUH

*UDSKVY UHSUHVHQWLIWHZHHQ HKWZIRE R WRIRQIGY WQ B\ $ B QG L
ZLWK FROOHJHV WHSNXBDH QGG UMEL WK \& Bl WA 6 XW\QI RO G
(DFK VPDOO GRW URLS WH\DHA WIYVDI X@QHERD WKEH PR ORBJIHV VL
7KH SRLQWYV JUDYEMWDWHUWR 2B KIG WIKDHRK \DDWKE DROBHFWLR
LQFUHDVHYV 7KH IDYMXH RYGGRW\RIPRKH GLDKODFERQUQHFWHG

FROOHJH WKHUHIRNXH G-PHJ WAKIDRU WHAHRW\H R® DMKIHH\ S NWMRL SUR SRV



UHTXLUHPHQWY VXFK DV D GDWD P D®DDHPHROR GO QV RDWR G JF
VKRXOG KDYH JUHDWHNH W\PISDF W KRDEDGAMIRR XB RQ WKH
(LJHQYHFWRU FHQWRL@LW\ RMHD WX MRS BOKHHQOH T DR E \
PHDVXULQJ LWV FEQ @HFUWILR FR QY BRI LIRD V Q GRQALGKDVOL RKR V|
QHWZRUNV DUH Q&R WDAHBKWHER QRIFMMH WR EH ORFDWHG FORV*H
&RQYHUVHO\ DQ LQGLYLGXDO ZKRVE RDHWARVYNY IVRHWXAHV RQZ
FHQWHU Rl WKH QHWZRUN *RRJOHQVRSDUBH5QQMNFMNRIR B HY WR)
DQG 3DJH VWDWH V8K DSW FBRJEE DRPNIRXYQ B WG WHQDWLYH DO
FRUUHVSRQGV W R{@KHIF BARLD RL SDIKHRQWUR D B LW BHOZIE" % UL C
7KLV PHWKRG FDQ EH XVHG WR XQGHUVWDQG KRZ VXVW
H[WHUQDO RUJDQL]DWLRQV VXFK DV 16) WKURXJK DQ LQVWL

JLOQGLQJ $QVZHUYV

7KH HIIRUW WR G RAX® HE6® W UFOMH DRFEW K H ZDQ WUIRVIPD U F K
PDLQWDLQHG IURP WUDGLWLRQ D OH MRIDGLRYJI VR RGN @ DVEX BIR \B A
GLJLWDO IRUPDWV UHTXLUHV WKDW HDFK LQYHVWLJDWRU UH
PHWKRGV DQG ZRUNM FRWP S HWIHW HIIMA KH B QZ3. WY SWKHRBRJIRLQJ
FKDOOHQJHV Rl UHVHDUFK WHDFKL®@L D) GLBREVL FDKH. RHGHQ
JRYHUQPHQW DQG VWAWBIRVIMD VWK BXO IR Q IWKKIHR XMKDLWV G D
PDQDJHPHQW UHTXLWGHPHMD W B Q IV KHP HE)\W OB OLDHIT X ISHIFY 1£FODQV
DUFKLYLQJ GDWD WBHRS$IDHF KDSJUR @WMMUYDQYWERAWREDFFHVV V
W KDantlastds WR EH XVHG IRU GDWD DQG PHW D G/DWLD JRAWPIDQAG D QG
DUH DEVHQW RU GHMRH\G \LIQRYGHT EBIWER AP B Q WHIGRBBREG VR

RU UHPHGLHV ~ >1IWDICRGNV D 6FHR@H )RFQGDWKRD :KLWH +RX\



SXEOLVKHG D OHPRUDQGXP WKDW P D @GR/ MAK HD W MAHXUO BV GR P R
JUDQWV 2IILFHQRW WKH 3 UIHWL&KH W HRA ROV QFILAHQ G 7THFKQRO
3ROLF\ LVVXHG DOVR LVVXHG D P DQAGLIDW HD WHK@RA HQH D H DX LDWOHD
GLJLWDO DFFRXQWDEQORIMD MY DAFRG®IER DEB8 RHFKQRORJ\ 3

IROORZLQJ 1,+ DQDBJHPHRDWSOMIRUHTXLUHPHQW YV

/HH IRFXVHG RQ DVXG FGROWILR QHRI WKW RIS, BLBRE VW
WRZDUGV VXVWDLQDELOLW\ 7KH Z¥I6F&HGL@WMDODBWRRRO PR
WUDQVODWHY LQIRHBD W IDR)I LNQY\RZ OOMBLZRI QL Q BRI Q DIIRADPW LR Q
H[HUFLVHG WKURXJK]OBQRQD DI GF WIMFEHWBGODW W BU® GLJILW
NQRZOHGJH %XW KRZ\BR ZHRVPEPRIGWBYSWRR SHVUMR@DM S U D
LV RQO\ RQH FRPSRQHQW RI D JURRW® U W 1 RWDWKORIH KRG
KXPDQ DFWLRQ LV S\HKH REURFOHNGH P\ WRA R LSOUH VAW IV MQXU H JR Y H L
RI QRUPV *LGGHQV UHWV YAVURBWENSHVFDMIBHOHWIDRLODU W
6XFKPDQYV VLWXDWKE BRWORQYV R HRXQUNW B RHOWQRGSERMY. 25 X D C
DQG WKH LPSOHPHQWDW W KWK HXUMUH HQRDIHRGO P H QK H6 X AR LTH V
SUREOHP RI VKDUHG XQGHUVWDQGXQG REFRX@\DORU @WHARK
VRFLDO RUGHU PRIAH WHKWD VK MU FICQRORWM LY BV ISIHD WRELDO RU
QRZ KDYH D WHFKQRORJ\ WKDW KDWKEWRW KW KXW K DW MDKIHPI
LQWHUDFW ZLW K KRR DR QZROEK K PODHIFMWQ\R BY ERWKDWHFEKQLF
DQG SRSXODU GLVFXVVLRQ RI FRPSXRWHUKH IZWK KW K H U6 R E RXDW
S $FWLYLW\ WWHKR VA PFLIDWW DVWIRBRROXMUIDY WKH\ FKDQJH XV
+XPDQLW\TV WUDQ YILRADRD B/ B QGW RRDR B VK GAR POHINGL MAK VL QF H

ZURWH 32Q &RPSXWDEOH 1XPEHUV®  LQVWHPVRGDEXWE®E UBIRX(



7XULQJYV VHPLQDO LGHDV DUH EHFRPLIY G HWHRWVINR DY DRI\ R X
UHODWLYHO\ QHZ ZD\ WR PHDVXUH WYH @R QWHH[\EB & LDWW KK H
FRPSXWDWLRQDO SRZHU WKDW LW VHHNV WR PHDVXUH

)LOH PDQDJHPHQW ILE LD UMD OHS ERIWH U IY\D VO RSQJ H VIFRWYADWY L |
DEFW EDVHG RQ KXP D\QFESHKDWYWURQ VZAHINGV KW KWHZ\W HAKHD RIRRQ D Y |
'LJLWDO SUHVH® RIMWGERBL VY REPW BK WB HWIUIBBW R UW IRH WW H Z D
PDQDJH LW WKH WHFKQLFLDQV ZKRKP® MWXDIW. G WHIDH W WRI@
IXQGLQJ IRU LW FUHVMHW R B K HRU VWIEHHD @ | R W DIMIAYAGR BNDRUED 1H H D W |
UHVSRQVLE LAWK\ WKRH HIVEMWIXEH DRIQEHDWWN GBLLWDO DJH ZLOO |
ZH SUHVHUYH RXWRGBWD F®UWHMM PEYMLHRAR YWD W RQMB &Y * L
WUDQVLHQW QDWRUE @ | RKKHGHIEIMWDB®R RD YK IKW\GDXQGDPHQ
FKDQJHG '2, LV D PDWXUH WKHRU\H8 OH/RIDQIWY VZKREK DYDY
7KH ILUVW UHV HDK FoKH V X HY MG RAQRY LD\Q B GRGS DF MRY (VARG M WS H
WR GLJLWDO SUHVHEWDWMRQ7EFWUYISWRYLGHY D I[UDPHZRUN
UHVRXUFHV WRRQV ZHUGWKHD WK ERQER LB RVKK ALIQVHR G X FW LR
GLIIXVLRQ RI GLIJLWDO SUHVHUYD@I]J®PWBSRQFWLFHY WKURXJK

SHFRPPHQGDWLRQV

7KH VWXG\ VKRZV WKDW UHVHDUFKHRUWVXRINVQWRHQUGOMHDG
WKH\ DUH GRQH R®RUWLRIQUR IVIFREOL GEDWIDRQVHRUQUESRUWYV
SUHVHUYHG ORQJ WRIUPSV/ KQVVWMHZBOW OB VKIKSHRHWRBY FDQ FU
QHDUO\ LPSRVVREFGN VOO VBIDRV DU H FK\HYWRB BN HW KALK/UVHW XW H P S R
WR ERXQG GLJLWDCHVXRW DA IQH EIHFZR®IWL V@IUIFP ©RQJ WHUP DC

JHQHUDWLRQDO ZDDSWY KIQS GIDV) DWKVBIF H B XOMBIVBHGHG VWHIMWARY D U H



OLQNHG LPSURYLQJILRDPEUODW) G I5\W B WX WKL A B/ WRUWDHYHQ \HD
WKH WLPH WKDW RADRLUWHBRFXWHR@W EH VWRUHG IRU UHSRU
GREFXPHQW RZQHWV/IDQE VRODXMLHREWHTRLUB\WHQWWKHAKHY GHI
DOVR IDOOV ZLWRHQUW RHBHFR P FRH.GADEDIP[G WRWBDBEUH /@ QJ WH L
VWRUDJH LV DQ\WKLQJ JUHDWHU @HDIMWLRKRRU W) RUH WK HE XL W F
PDQ\ WHFKQRORJLF DQION \D GAWVOLQ/F M S DERXKEIHQM \\ HDYBHY 7K H \
LQFOXGH WKH H[SHEWEGYQ 8 RDW KS B RAHW K LIR@ RY HFDWBIH RQ HL
XSORDG OHDUQLQJ DQG GRZQORDGG IUH VS XUDIR/HBIM KO YIH O/IH)
SURIHVVLRQV L@ @K MLMHU P DWRHHUN L\R Q § PHKRXIOYGH B GAGRUHQ V X U H
ZRUN LV SUHVHUYHG 7KHUH ZLOOLRB PX GW MSID ALSHDWR DO
OLYHV (UURUV ZLOO RFFXU ORVW® Q8 W EHUKBSS\HIG IDDWRO
IRUPDWWLQJ GLIIHYUWQ FX\E KORW WR ROBEERMPHV HW D E ORQJ WHUP
PXVW DGGUHVV Z/R/HW KIHLH W RIS R WO B Q@D OQR XD KWW R @ WH QH U
FRQWH[W VSDQV PXOWLSOH JHQHUWRQW IGROQWD | WR Z RX-DNGL UG BOW
DQ DUFKLYH RU URSRGLIMRWK VAK D DGSPWLLIRIQ VL F CDQMD G/IKRKX O G E|
VXFK WKDW LWGFER\EG8G/EXWDQBWY F\FOHV WKH OLYHV RI SH
DQG HYHQ VRFLHVDWY MR & EHWUNWR P HWEBGHZRWKRXRUFH FR
IRUPDW 7KLV HP SKIRAL W K HWE& BIWIHH U € B WRULL SWRLIROQHR MWW K H ¢
GHVLUHG XVH DQG AKKIHWFRDW ARW Q¥ BKHG DV PHWD G

6KRUW DQG ORQJ WHUP

X &UHDWH FRPPXQLFDWLRQV HQJDJHPHDQWW KV8UBW H B MWW O W
ORVW UHVHDUFK SJ RHWHHAWWDW R Q O X IBEBHAGL. (FRHY 1GH Y30

FRPSOLDQFH FDQ EWHVHQGHUB ORIXEEHEDDR. DHW IRU DOO



7KHUH LV D G HIDWHALKY BWGRQ/ D GRIZ ®HE&I R R WX WDIW GRIY LWR
UHVHDUFK IDFXOW G R5QRWDVUFSKHDQ OURP MNK HORR UP Q W DRV LR Q
+RZHYHU 16) '03 JXWGHWBLE@HVHYH D U¥WBUIVWKUR XYWIKDDR Q HGV H U
WUDQVSDUHQW WURBHRVWR GEHAKWIRUPDWLRQ ,1 '03 UHTXLU
EHKDYLRU FDPSXWRMVENUXE\SRDQY QLR WK KODWHEGWY WKF
KDV VKRZQ WKH IS UR/I 6L VERQD® FARKE Kl FRP RKQL WHV IS JRDO |
SURIHVVLRQDO V\WDFKVRRW O3 EHENROG & MADW MR DMK K IDFEXO'
GHSDUWPHQWYV W K® WLPD\WY KE-H VKFOQGBHGR WESHIW IVH QG H/ REP LV VLR
FRPPRQ IXQGLQJ DJHQF\ ZKR KDYH RUHQW®WOS®RRQUKD X H UM BH
,GHQWLI\ OHDGL®R FiDQHDH FRIUH E \WHBQW/KDIRW 1 X WK HLR L QW
LQIRUPDWLRQ 7R \EH DRSH @LLANG OUHOFG IDIOVW RKGLDVHPAL QD WL Q
JXLGHOLQHV UHFRPRIDPQ EZIRQINW KR SW BIDRGHW MPRQD® WWD Il VK
FROWLQXH WR ZR DN XZQWKWRI VR B UR@ H/ WRDSAEDRUHW VWIUR Q J W

VWDQGDUGWLRMXHLIULSVHDQG WUXVW

(ODERUDWLQJ WKGANW.DBIHD DQVPRO/ Y HPRAEBGERXKO®&® BH D
UHSUHVHQWDW L YIHVNUWRHPS W W HWXRQUL\ YHRYQHSO RVQWHD FIR® OBV RIQOU H S U H
GHSDUWPHQW FRQQHFWHG WR 16) DW WKH ERWWHIH ROH Y HXOU Y
SHUVRQ VKRXOG D BVRRVW E B R/UWK B MAKHDGHADI RX Q/GHHHU Y V'V X H V
UHSRVLWRU\ UHSUHVHQWDWLYHTV WRR ZFZRO®IHI R IUGIBW B VSHLHN,
NQRZOHGJH RI WKH DUNKIBDUW K KIDQY G VWHEH) GU RIS DM BXIHZ GH\
VFHQDULRYV IRU KRRE@DIWDB PRICOSUHWBPEMHG WR D&)FRBG
UHTXLUHPHQWY  MMHYDLWAFHK RVUKVH UM KSUWHH Y FI@IRY I 6E MRKX VIV XV K H L U

LPSOHPHQWDWLRQ X®PQWRDQ & H RF B EDWWWRH/ ISURRSR VBIGRSRVE



JXLGHOLQHV PXWERQR\DNKHHURX % HDME WKNWD URKBHOLQHV
HYHU\RQH IURP WK HQ X1 YJHID\QLW \ ZE VKN BV R HQDIBI®I'G SRVW WK F
JXLGHOLQHV SXEOLRDC®RPPEGWW TRENN OLRM MDUHDS ,QWHUQF

GHYHORSPHQW FRQWLQXLQJ UHILQHPHQW

x &UHDWH WUDLQLQJ SODQV

7KH LQLWLDO IRFNW IV KGFOVOIE FELHH R @8 IBRIQV LAKKLGFIXUZ DIV DIN Q H \
HYHU\RQH LQ WKH \DWIXI@ R U B D RVIIHR/¥ KRB & BH \DADDE IWWHKRXOG D
GLUHFWO\ ZLWK HIQGHD DHDQFRHUNWUZLAVK KLJK GHJUHH RI FHQWU
IUDPHZRUN WKDW MWHRVIBDIXG DBRH®LB BMHW | X WTOULH B BDRQ W V
VWDII UHVRXUFHV RQ UHOHYDQW DB XIQFG HVUW R W. FZS WRY W KEH) 1

FRPPXQLW\

o *HQHUDWH LQVLJK®Y DRRQBXHFMWWWWRMBWS ODWHY IRU ID

0 S5HDFK RXW WR | D FXDRNNAMKREIS W S H FHPMHDHU MKR WKHLU U

o0 6FKHGXOH JHQHUDO WUDLQLQJ IRNUHJUWGDX@A QW H RANUDNVGHHE
DQG DW FRPSOHWLRQ RI SURJUDP

X +ROG PDQGDWRU\ ZRUDNO/KIRSBN VRUX @B WL ODW WMDY R BURJ

$OWKRXJK QRW SDUVD\RH VDN DMWMXORWIUPRQ GXFW WKH EX
LQ PDQ\ ODEV DV GPLWHRS WRKKIDWP ¥ B BFaKG& WPESDIRYHQWKH TXDOL
GDWD LPSURYH WK HMVMXH DO RQYQGED VEMREHYRIWD WHKKHEZ K HRZ WK H\ OH

XQLYHUVLW\

X &UHDWH WUDLQLQ FRESRW WX IGRLVP DA IRRDD WHHEF K MRYGR Y\ V W H P

DGPLQLVWUDWRUW IRIUJ UW b 8 DUH-TKX IPUDBRDESDQVYWHW DQG GDWD



7UDLQLQJ VKRXO®OEHBEPBHEY GHR \MRVIKR QDD L7 QVW D IVKR X
GHVLIQHG WR IDPLOLDUL]H WKHP ZRW&HIDWR BEXHYE UNDANLLRA
D FRPPRQ YRFDEXODUVLOGRHKNQRZOGHANVBIII SURYLGH DSSURSU
UHVHDUFK FRPPXQLW\ W ZLOO DIOPHR VKRI /SV R/K bR RBHLFE IGGHI Zx
UHVRXUFH DQG SURYLGH OHYHUDJHRWRKPRH[WDVBHPHQRRORR Y|
D FRPPRQ IUDPHZRUN @ @68 SURY HX WIHX ¥ RQIDFOR (¥J VAVRIIHVY G FD

UHVHDUFK JURXSYV

/UDQV JHOQHUDWLRQDO

X ,QFOXGH D VWDW HPW & W E Q ¢ DW 5 XW OWHNH W ¥ DG H[MSDOFLQ W |
GDWD SUHVHUYDWLRQ JRDOV 3(QFRXUDJH DQG LPSURYH D

WUDLQLQJ VWDIIDRQ® VL QWHPWHW RAKQG PW B HMQKNKRXK\JI K W

7KHUH VKRXOG EH D VWDWH P HH\W OIDW QWKW KLH) VW IU\D YW LI |
WKH XQLYHUVLW\LZLWBOJBDSWF®WUNMRHI YDWLRQ 7KH VWDWH
LW VKRXOG GHP R Q VHDGIHWN KN ISHD IF N B)SVZRO 18 GLIPAKEEWE WX\ W
UHVHDUFK XQLYHU\DLQVL QW Wi WH W XW @/DEHF R/PSU DVPW QFHY [RU \
VWHZDUGVKLS Rl BHULWRB SNVWWAVZW W \L QLWWLWRWLRQ KDV |
LQIUDVWUXFW X UH MYKD BV LVWDN SI ¥ UFD O7 KB I Y DVWX DG LQIUDV
GHILQLWLRQ LV LONHNYHQOHHDWYG ®YPOR EZEHMSBRAAW &DULQ
YLUWXDO LQIUFRPBOKEFWRGHVIK!D DH& \8DMNUHQMD WK\ SK\VLF
DOVR QHHGV PRUHKHRQLMWMNXDW [ QY MELLW XWYIL]RIEGD I0Q DR/WIW L R Q

E\ XQLYHUVLW\ SHUVRQQHO DUH WEHWRRRRORHWWHBQLOHUYYV |



GLVVHPLQDWH NQRYBHGIBRDKEZRXYAWAIBDNH D SRZHUIXO VWD

LPSRUWDQFH RI LQVWLWXWLRQDO GDWD VWHZDUGVKLS



&+$37(5 &21&/86,21

7KH SURMHFW FRBEBQR B FHK[H V VDIQW) VA HHRBIUI Y. QU RL V WXHS \L
QHZ zZD\ 7KH DFW RG ISI.AWHU X HYMWRRKHQR/PB QRIEH KLV
WUDQVIRUPDWLRQ LQ RXU HUD L VKB QROUDRY RWR/ WWKRH VZ KIH WWU ID Q
3ROLWLFDO OHJDONBIG@E @FRGRPRFGEB S VG WRY I9® Z\WUB D3 JL WD
HQYLURQPHQW 7 RHF AXWINQ QUWLIHRIWDXL BN O HY VWHQIML\R | ULV N\
LQIRUPDWLRQ QHHGN/XKBQYWROBHRPERYD D WREZDHMENOVSDFH ER
FRPPXQLFDWLRQ 'LJLWDO GDWD S &HWHPKIRIORY \SIURERHIPW |
E\ WKH QHHG WR FRP®& @LW W H D IVWWHSH M & [RQ FHK/H WK D QVIR U
FDQ EH FKDUDFWHUL]JHG E\ ORRUHYV ODZ ZKLFK GHVFULEHV
7KH WUDQVIRUPDWLIRKQ XM DL® R HIGH BLRAHK YQWXHVOXUHV NG FRP
WKH YLUWXDO ZRUOG E\ LWV RZSXGHIEDQ W HRY HD UHK L @ YLLW Y I
IURP WKH ZULWWK GDWUOBILW SKQVERDP DUWLIDFWYV IRU RYHU
FDQ EH GLUHFWO\HIUWHKUSIWHVUH\G EQ W RY Q B \E'M HIWD VRFLH'
EHHQ YHU\ VXFFHVVIXO DW ILQGLQJ LQIRUPDWLRQ LQ RXU DL
DQG DUH SDVVLQW LW QRHU YW LVR IQH/ ITKKIW/HIGV DDQ @ KRMGW H U R X V
/RQJ WHUP SUHVHUYDWDRRY RQGLRHWEIEPD Q\GWX HPWKB LD W
DWWHQWLRQ (YHUKR/GHR EWDELOVRPIBEXULQJ WKH WUDQVIRUP
DEDGHPLF LQVWLWXWLRQV FDQ EHDBGI ESIGBDY VR BY STKH W HNH
IRXQG WKDW ZKLORUWIKRHURH UQ WRD WVWRKIHI Y WBIWHDRIFHK. WKHUH

QHzZzV 7KH IHGHUD ¥ WRSIBUHGPHD W KON H HQWHDOLUX QJ UHV



WR VXEPLW D GDWD PDQDJHPHQW SDO(D3) ZLTOKH ESR OKRL HY WRK B
IRUFH D FXOW X WRIMG ¥KWIWIRF WIQFHF DQG UHVHDUFK

W LV DOVR HQFREIWDUHE B DWRF K R\EHHWK HV W F FHSRZ WHKKH  Q
SROLFLHY DQG VRPH KDYH VWDUWWG ,BHSR PIXWLXDIOGD \E B QH) W
RUJDQL]DWLRQ EH IRQN\D WRG PLROVW XBABH GW VR B GFSBIRWHW Y D W L
EHKDYLRU ,QIRUPDWLRQ VFLHQWR.VWW BQE DVHF® Q RDRD QYW
H[SHFWDWLRQV ILRVWKWKH/ §WRW DR ZKRUW WHUP ORQJ WHUP
SUHVHUYDWLRQ

*LYHQ WKH DFFHRAYREWQ R\ VRV R QHG IRWIOAONH WLKVD W VG Q@ RAD
WKH LOVWLWXWLRQ 7KH GDWD ZW.IDOQ BDREIDFE@N H FLKHNULHY R
H[SHFWV WKDW LGHQWLFDO GDWDJDIQW M WLR® EG FRRU G-FOFRDVGH
FKRLFH ZLOO EH EDVHG RQ HDVH RARDAEHVW MWRQIRIH \WBOD B
LPSRUWDQW WKIMG W& H/ GHDVD E B RMKIEEWVL QW WYQREHJILQDO IR
IURP QRZ 7KXV DSSGHYQHOWRSDGGCDUE SRIOUURLHHY WKEROV WK
'DWD ODQDJHPHQWHRMD 6DUHDRIGUWMKRXOG EH DSSOLHG WR PR\

&UHDWLQJ DQ DGH T XCIDWHD G/HIWWA Z$ W ICREDI WIDIG B & D \Z [D\WQ
LPPHGLDWH FULW HRED G QHHDHVE L Q-8 RZHHIKIVG Q W D F® QV EPIHFRRQ V X P
7KH SURIHVVLRQDOVY W B W VIRQUEFBNG IUNVK AWK HHWIB Y NIRWREZK LV \
REFXU UHVHDUFK IDFXOW\ ZLOO QRH® Q&R GRIRNDWH WHRPLQR
JXLGDQFH 7KH LQVWLWXWLRQ FDHOWIDREW K LD/ MYV WK M/RENL R'\G
DEWLYLWLHV EHWRHHDU WK I FEFDAPSQXMVWIR M W FDHY/G  IXFGHY Y LRQD C
EHJLQ ZRUNLQJ ZLW K PRB0ONL V WR/XISFRFSIGILQIHMW E@R BHKDUH X Q

VRXUFHV 7KHVHQFRIQ@S$ EW LR Q WRIXYW \D B R G JVIDURMLIFHLS UHO



LQVWLWXWLRQDO UHVRXUFHV 7KW WKDNWDWEKHH GH 8B PW\R W
UHTXLUHV ZLOO UWHR XIWMHQGHLIHERMWH VGV LWDO GDWD SUHVHUYI
FRQVLVWHQW ILOHsQWPL BN KD@RLREBMBIK ISIRPVYWKHLU RZQ GLV
7KH VKDUHG HQYLURQPHQW IRVWH UW LIRMS/L B FR ® X WXIHQ\HDR
VWDQGDUGY ,W LV LPSRUWDQWW R WH Q¥ X URU\& B Q E\| IUBL RAQ WR)
LQ WKH HITRUW WK HPWR \E HX D WIHR U HNHIDAP X @/ RDQQHEH Q

7KH JRDO RI WKLV \QVXES ZDIVFW RV RLOQ GMID O] 5 KRV HE& Y D W L F
EH FRPPXQLFDWHGRWR SUHRMD WKKH 8 M URPGDWM D F\ 7RKIHWKMHX G\ X V
'LIIXVLRQ RI ,QQRY XWSLARAMLW MK\H RKIFDRZUBWWK H XoRWEX M WD QG D UG
GHVFULEH DQG DQDO\]H WKH SURE®IBR G &PISUR WHK i QR BURG Fi
PDGH UHFRPPHQGDWLRQV IRU WKH LQVWLWXWLRQ

ILPLWDWLRQYV

7KHUH DUH VHY HRU V& HD VRLXAGD W L7RKGIR BNFLEVU Q@ YWK@MWU V&K H F D
PHWKRGRORJ\ ODFNOA ZKHU FGS BEDRIFKRO BURQTXLU\ <LQ

$OVR WKH VWXG\ JURXS LV VPDOO DQG ORFDWHG DW &R
JHQHUDOL]HG 78RVUMLEL OOWRRVKMKH REVHUYHU SUHPDWXUF
UHVHDUFKHU PDGH JUHDW HIIRUW QW ERKY LLGHHID WRH € R Q/PO0?2
SDUWLEXODUO\ ZLWWKI BVKLHD U BV H\D W IRW KV MVHK LD VW LRMKQVLR Q7
PHWKRG LV QRW WLROBHWEKRG A OQIMAKGWZRDH MWK HEW R XOWLSOF
FROOHFWLRQ PHWKRGV XVLQJ D FRPSOH[ PRGHO

YXWXUH UHVHDUFK

7KH UHVHDUFK OHODWTZHUMBV WIHRMDGOWD LV DEVROXWHO!

DQG UHWULHDEW GDWVNDW EE® EHWR LEPCBWRYMOREWEGIH DQG SULIL



$UH WKHUH HVVHQ®QLDWP B WH R B QVQRKRNG DEG-D IMDF OV X G MGV K $ Q R W
TXHVWLRQ VKR XO®G/ DRIIDIK D WV RE R DIMPLRURWY B WGD GRLYUHVR U Y D
)DFXOW\ DUH GULRH® KN IWKGILYKOFBHWMIQH VWGP BRAUH QRW DZC
FOHDU VWDQGDUGY IRU VRPHWKLQD @VVRBBDW LIRQ VID RIPQZ UD. W
GLIJLWDO FKDOOHQGHN[SR VMNP SWLWQWIEHA Y XXRFENUDEWD DQG R
DUH WKH DQWLW ML W R H\HBFE K R\ YWHED WHKT M FBIFRMWHW R G D\ @
LPSDFW GRHV WKLMWKBY6 R UHINAD WRKVKDUH GDWD"
3UHVHUYHG GDWR PDHQMBSHQ VL KB W FORYGL R D WHYL BHR SRQ
PDLQWDLQ GDWD W KDMWMD Y XYSLHZU W& HEGHRDBIRISS) KOWDQ DFW R
FRPPLVVLRQ KLVWRHNZ SDAUMG L,JE KR KD DEHDFD DEWHRI RPLV YV
HDVLO\ :KDW GRHWH QKR VWKL\SDLER RMVEH U XADXUBIYU HSV QG F\EHU
H[SDQG DQG EHFRPH XK\DDW HVVW R 8 WRKAMGR WN\Y R ZZOHG Y M"  $W W
FDUULHG RXW E\ D IRWHULURURYWVIORBOELNHYXQWIBE H[HEXV
DIJDLQVW 6RQ\ LQ ODWHVXEVWDQ WRBODQD PMWHRQR DIQDW FDQ
PLWLJDWH WKHVH LQFLGHQWY LQ DHKDJKIH FR B {GH WG IGSHRUK
)LQDOO\ ZKDW LV EHLQJ GRQH W R WBYDRPIRRAH W K DW \D YHIH
GHSHQG RQ LQIRUBDW URW KD IQDDV JIAWHIBHDIHIORQU BWGR QY ZLOO
DV LQWHUHVWHG LRX K RS2 R E O/HRFOW BI\D W K W VIR/O KK MVUL\R R LIQAVW K D W
%ULWLVK VKLSV ZHUH QRW FROOHBWRPS GBI WD MRGHOYSRUW I
:KDW FDQ ZH GR QRZ WR DVVXUH RX®H®N WTHXGE R QW 8 U DROGER
3HUKDSV DIWHU D ZKLOH SULQWH GV &R EYGTHIBN | 2L GO \E B FRF

BHUKDSV ZH VHHN ZDAWOMR WIXRMRRDW FODVV RI LQIRUPDWLRQ



QHHGV WR EH SULQWHG DQG VWRUHGUVID WOD JH 8 \ VAXIRNKHD &/@ PW

OLEUDU\ RI $OH[DQGULD WR FRPSHO XV WR IDFH WKLV ILQDO



%,%/,2*5%$3+<

$OIUHG 5 1RY 8QLYDF *HWV (OHFWLRQ 5L
SHWULHYKMEWE RPZZZ ZLUHG FRPHURIHVO® H Z&ZL V GD\LQW

%DVWLDQ O + 6 -DFRPSKD DQ RSHADVRXBEHHHYROWULQJ DQG
PDQLSXODWLQJ QHRWQZRW $ES$, GRQUHLIIHQOFH RQ :HEORJV DC
SHWULHYKMEWE RPIHS KAVHUWKIEKEICR FDWLRQV

%HUJHU 6 7 KK RY ARRO BIUGV HW KL L3RID FEHLGHHIV. D Q G
SHVSRQVLELOLWLH VThe(Seviaks HibravaW 52 HQW XU\ GRL

%HUPDQ ) *REHGW W 5'D \W D SKH \LIQUR D AMEFNRREOQ DW H
ACM, 51 GRL
%HUQHUYV /HH 7 ) L WiredHhg/thée Web : the ol design and ultimate

destiny of the World We Web by its inventor VW HG 6DQ )UDQFLVFR
+DUSHUB6DQ)UDQFLVFR

%H]RV - $XIJXVWD]RQ :HE$®HUYLPHV %ORJ IUR
KWWS DZV W\SHSDG FRP DZV DPD]JRQBHF BEHWD K
%ULFNOLQ ' RUPMDWDRE | UR P DLV % FIULFHNDOLRUIVQ G % RE )UTL

IURRPWWS 777 EULENOLQ FRP YLVLFDOF KWP

%ULQ 6 3DJH / WRP\ 7RIHDD®QDU WMHJ WXOID KMEHWHDUFK HQJI
Computer Networks and ISDN Systems, 30 GRL
KWWS G[ GRL&®RUJ ;

&DUU 1 * The shallows : what the Im®et is doing to our brains 1RUWRQ SEN HG H

1HZ <RUN :: 1RUWRQ
& (51 "HOFRPH QVRKLQVKHHUWEVLGVH RIUWWHHXRIWOZHE VHU
5HWULHYHG KWWSIUR®IR FHUQ FK
&KHE\NLQ $ , $ %HGQ\ * = EfQahdnRca dridl Ipsychology :
developments in theory and practicdo RFD 5DWRQ 8&BRU3UMNWHYINQHALY *URXS
&KHQ % ; WK FURH BSSKIH" )ORF WRVNRWIROHOH WR L&C
Wired. 5SHWULHYHG
&KLOG 0 6 6 H O H F WAR&@ceRi PEEeH stidi ardAMESR Q
&RLQWHW - 3 .QRZOHGJH &RPPXQLWMURHPDQWLF /DQG

KWWS MSK FRLOQWHW IUHH IU ZS "SDJHBLG




&RORUDGR 6WDWH BQLGHQWLVRU9L AMHBMUFKHVLGHQW IRU 5HVI
&HQWHU SHWULHYKHWWS ZHEIURFHDUFK FRORVWDWH

&ERQVXOWDWLYH &RPPLWWHH RedbehRdée mbaadl r &n D e AT shival
Information System (OAIS) [electronic resource] & & 6 ' 6 % %OXH %RRN -D
':DVKLQJWRQ :DVKLQJWRQ ' & 5S5&&WUEHHHFGHWBRR LD\
IWS QVVGFIWS JVIF QDVD JRY VWDQGDUGGIQRVW LVRDYV

&RQZD\ 3 SUGIWVWHKHY DDWLWOQ A HRW O G SHWWRMPY
KWWS Z7Z7Z FEOLU RUJ SXEV UHSRUWYV FRQZD\

&RXQFLO RI WKH & RQWXIDNV DRAUL 8 8 DE&RIP D Réquire ivié vis Hrér V
Bodies Providing Audit An@ertification Of Candidate Tstworthy Digital Repositories
&&6'6 0 ‘DVKLQIWRB'6 6HFUHWDULDW

&RXQFLO RQ )RUHLJQ 5HODWLRQV IURP &BREDD &RQIOLFW 71

&EXPPLQJV [ | % 3KLOLS TKAHAHZUWRQL]IRWLR'GIDO ORXXKM
DQG 9DOLGDWLRQDWULRWOW L)@ R QWILQEHW HRD 7 KK R&S*D Q G
SXEOLFDWLRQV RHU ,Q7 55 07\0Butin @danizations frontiers
of theory and research S S 7TKRXVDQG*2BXY¥O&EDBWLRQV ,QF

'LPLWURYD ' 9 %XJIHBBDVIODQJ WKHUMRG 'HFbHIFRIGH2QOLQH
& L W D MheRc@iMCommunication Journal, 9
(OO XO - Thetechnological society> VW $PHULFDQ HG 1HZ <RUN QR

(0& 7KH 'L AUWDVAH 8RJ L2 S ERO Dgkad Wniverse \étudy — with
research and analysis by IDC. IKKR\PWS ZZZ HPF FRP FROODWHUI
UHSRUWV LGF GLJLWDO XQLYHUVH SGI

(QIJHVWU|P < OLHWWD®H\L LW DL Pdyspéctives on activity theory
&DPEULGJH IHEZEYRGNH E&DBYHUVLW\ 3UHVV

JULHVH 6Qualitative data analysis with atlas.ti7KRXVDQG 2DNV &$ 6DJH 3XE

*LGGHQV $The constitution of society : outliné the theory of structuration
&DPEULGJH &DPEULGJHVKLUH 3ROLW\ 3UHVYV

*UDQRYHWWHU 0 6 7 K Améndd f[d@rblvwksoRidlagH DN WL HV
+DUURS 3 ' 3O WH ® @ DAUK B5 LIRR D EBleé&ronfeK H HQ

Weekly
+HGVWURP O 'LIJLWDO 3UHVHUWDWLR @dngusbeRY % RPE IR

Resources and Evaluation, 31 GRL HDWWXBGOM LG



+HOOHU 5RD]HQ 7UDGLWLRQ\WRITHWOMHIESHETURY 2Q WKF
GRL

+MijUODQG Iftormation seeking and subject regentation : an activity-theoretical
approach to information science: HVWSRUW &RQQ *UHHQZRRG 3UHVYV

& 7KH JURONKLRMDWKXKWWEVHZAURAPF FRP FROODWHU
UHSRUWY H[SDQGLQJ GLJLWDO LGF ZKLWH SDSHU SGI

,QQLV + $Empire and communications7 RURQWR 8QLYHUVLW\ RI 7TRURQ

, QVWLWXWLRQD ® GR\WHWDIW K 8 @ROHRUIMULYWW LRQDO,QNVHDUFK
IWKRPWS 7277 LU FRORVWDWH HGX

, QVWLWXWLRQIRWUBBRHODNBFWH &ROYHVLWDFW %RRN SHWULH
IURP

KWWS 777 LU FRORVWDWH HGX SGI IEN B B)DFWB

,62 ,62 6SDFH GDWD DQWG\YQWIHRM DWISRHQ WUB RQVY
LQIRUPDWLRQ V\VWHP SHIHUHQFHIPREBHO SHWULHYHC

KWWS Z77Z LVR RUJ LVR LVRBFDWDDRQ XHWPD MADIOXRPIEXHHB W

-HVGDQXQ $ 'LJLWDO OHPRU\ 7TKUHDWHQHG DV )LOH )R

I[URRPWWS 777 FUQ FRP QHZGINVWWDDJAHBPRIG WK LLLHFODHW H
IRUPDWY HYROYH KWP

.UDPHU 5 0 7\ O H Ulru3t inrganizations : fromrs of theory and research
7TKRXVDQG 2DNV &DOLI 6DJH 3XEOLFDWLRQV

XQ\ 7 A Digital Dark Ages? Challenges the Preservation of Electronic
Information 3DSHU SUHVHQWHG DW WKH UG ,)FH&RXQFLO DQ
&RSHQKDJHQ K'W@BDUANZZ LIOD RUJ ,9 LIOD NXQ\ SGI

/IHH & $ Defining digital preservation work: a sa study of the development of the
reference model for an openchival information system

/I[LEUDU\ RI &4RQJUHWDLQDERLOIBWYV )DFWRUV SHWULHYHG
KWWS 777 GLJILWDOSUHVHUYDWLR® JRY IRUPDWYV VXVWI

/ILEUDU\ RI &RQJUHVYV 6 XYWDLQDEWDION\RRIPDWY 30DQQLQJ
RI §RQJUHVV &ROOHFWLRQV IURP

KWWS 777 GLJILWDOSUHVHUYDWLRQO YRWPRUPDWY LQWU!

ILFNOLGHU - & 5 0 D Q HerRdn Faciarslib ENstiroRIESRIRE V
Transactions on



/IRIJDQ 5 . The alphabet effect : a media ecolagyderstanding of the making of
Western civilizaton & UHVVNLOO 1 - +DPSWRQ 3UHVYV

OF/XKDQ 0 Understanding media; the extensionsof man VW HG 1HZ <RUN
OF*UDZ +LOO

OLOJUDP 6 7KH VP DPReyOhdogyU @&, SUREOHP

ORQWDJQH 5 :ULWHU 135 VYE)CHR) BN B HYHZR/L QW SR W 1\
> 5 D GMdRnfdg Editon 86 135

ORRUH * ( &UDPRPQRPRQWYV RQWREE@MIdS]BDWHG F

ORRUH * ( 3 U RUW BQVL DGV B J UEDW FeGh. IDQd$tEWWUR QL FV

ORUJDQ /LEUDU\ &SRORBINGW\6WDW HS ERMW DVX B HPBRVLWR U\
SHWULHYHG KWWSIURPE FRORVWDWH HGX UHSRVL\

ORUWHQ )MHOG KVH@®DUMIGQIR RE KFKHIWHW D@ BDWWHUBH U J
BK\WWLFDO DQG PEWWWDMO\ 7TRREBWKISBOLHG RVRURXSZ
Computer Supported Cooperative Work (CSCW), 11 GRL
$

OXPIRUG [/ ThepentagonofpowerlHZ <RUN +DUFRXUW %UDFH -RYDC

1DUGL % $ontext and consciousness : aityitheory and human-computer
interacton &DPEULGJH O0ODVV 0,7 3UHVV

IDWLRQDO ,QVWLWXWHV RI +HDOWKDULQJ AHMHD UK 6O WW HP
I[URRPWWS JUDQWY QLK JRY JUDQWY JXwB88 QRWLFH ILOH'

1IDWLRQDO 6FLHQFH )RRQ®DOMLRIY HP H@WLIRHFWER UPWH 3URSR
DQG $ZDUGWWWBRPZZZ QVI JRY ELR SXEV %,2'03 SGI

1IDWLRQDO 6FLHQFH )RR@®DWLARIY HP HEBW LBHFMRYDWH 3URSR
DQG $ZDUGWWISRPZZZ QVWDVBRELB\GGPSGRFV HKU SGI

1DWLRQDO 6FLHQFH )RRQY®DOMIERIY HP HGW ULBHFMRBDWH 3URSR
DQG $ZDUGWWSRPZZZ QVI JBW VEHR WBOD Q3ROLF\ SGI

1IDWLRQDO 6FLHQFH )RRQY®DMDLFROYHPH@WHTEKRQWAJI$SVNHG
AXHVWLRQV )$4V SHWULHYHG IURP
KWWS 7Z7ZZ OQVDMBRELB\GIPSIDTV MVS

IDWLRQDO 6FLHQFH )RXQGDWLRQ WH 25HTFXLUHYPIHMQAWEY E3U
RU R WKHU Diss¢mdn@tiomand Sharingf Research Results. 5 HWULHYHG
ITBURWPNVS 777 QULORYSEODF\ GPS MVS




IDWLRQDO 6FLHQFH Y RXIQBMOWURQRVBWHNLGH 3IWXKPRVDO 3UHS
T QVWUXFWLIRHXYMHG 5HW I[URP
KWWS Z7ZZ7Z QVIURYCBXEVEBROIXLGH QBGPS JSJB MVS

1HZ <RUN 6WRFN ([FKIXG@('®WD FRP )DFWERRNLHIZE¥WDWLVWLF
KWWS ZZZ Q\[GDWD VPR DWEHRRNMYDL HZRIG B WAGD B HR © HD\V S
FDWHJRU\

211LFH RI ODQDJHPHQW DQfentadh@niskHatve requirements for grants and
agreements with institutions of highextucation, hospitals, and other non-profit
organizations >:DVKLQJWRQ ' & @FKH[RFXWKIHY BUZHRALGHQW 21ILF
ODQDJHPHQW DQG %XGJHW

2IILFH Rl 6FLHQFH DQG 7HFKQdsnB A&csR 10 the Results of Federally
Funded Scientific Research :DVKLQJWRQ ' & 5HWULHYHG IURP
KWWV ZKLWHKRXVH JRYOWNVNWH\F GRIVY D WEW FIB\DW EHRANAB 8B 8 .
B SGI

211LFH RI WKH 3U Exéetudivd Qnder -- Making Opeand Machine Readable the New
Default for Government Information : KLWH +RXVH 5HWULHYHG IURP
KWWV ZKLWHKRXVH JRF'HWKH SUHVWHRAWIDWH. RU BB HOQ
DQG PDFKLQH UHDGDEOH QHZ GHIDXOW JRYHUQPHQW

3%$5& OLOHVWRQHYV SHWHWIWSH G Z2727Z SDUFIBRP DERX'

3ODWR -RZHWW didlogues of Plato G HG IRQGRQ + OLOIRUG 2]l
XQLYHUVLW\ SUHVYV

5DR / %R[ 7KIIWBDVIK WRRAY % BDOFNMRQ GRAAROP Y 1% XVLQHV
Techcrunch
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OLUJLQLD 8QLWHG 6WDWHYV

5RJHUV ( 0Diffusion of innovations WK HG 1HZ <RUN )UHH 3UHVYV

6DQGHUV - OHHWUWBNR WM YHQYBPPROQH'EHRPHKBPQG OHJDO
F R P S OmedhRepublick WWS 7272Z WHFKUHSXEOLF FRP DUWLFOH
VN\GULYH WR PRUBUARGBIPWVILGIARIWMWO FRPSODLQW
6DQQLQR $ 'DQMHMNWUH] .*X KHBRREWEHWZAHWMQ KLVWRULF
HQJDJHPHQW DQG DFWXEFH P,ONE QEDSMDLQR  #X WOLGHLUHIH ]
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&DPEULGJH 8QLYHUVLW\ 3UHVYV

6DSLU ( Language, an introduction to the study of speechHZ <RUN +DUFRXUW ¢
DQG FRPSDQ\



6DSLU ( 0D Q G HO E D 3erected writings irlhguage, culture and personality
%HUNHOH\ 8Q@DHURUQLRIBUHVYV

6 FRWW -Social network analysis : a handbook Q G HG IRQGRQ TKRXVDQG)
&DOLI 6%$*( 3XEOLFDWLRQV

6HHO 3 %Digital universe : the global telecommunication revolutio@ DOGHQ 0%
:LOH\ %ODFNZHOO

6SHQFHU / - D T#e PBoblem of Data: Data Management and Curation Practices
Among University ResearcheZd IR pub 154 S S SHWULHYHG IURP
KWWS ZZZ FOLU RUJ SXEV UHSRUWYV SXE

6WHUQ 1 %rom ENIAC to UNIVAC : an appraisaf the Eckert-Mauchly computers
%HGIRUG ODVV 'LJLWDO 3UHVYV

6WLOOH $ S$UHU-BEHRRUQJIRY 7KHEOMROHKXWHRTRFKQRORJ\
SHWULHYHG KWWSIUREZ ORVWPDJ FRP LVVXH PHPRU\ &

6 XFKPDQ [/ $Plans and situated actions : the problem of human-machine
communication &DPEULGJH &DPEULGJHVKLUH 1HZ 8RUN &DPE

6XQGHUODQG 8 R 7TXHVGD\ WK 2FWREHU WK FHQ\
ZHDWKHU IRUHFDVW SHWULHYHG IURP
KWWS 7Z7ZZ VXQGHUWOBQ® WE NRVOAHAXYYV LQGH[ SKS"QLG
7XULQJ $ O 2Q IRXFPEFIMVUNDEZOWK Q WRSBOHFDWLR
(QWYVFKHL G X @rdeesdingsobtheR.ondon Mathematical Society, s2-42
GRL SOPV V
8QLRQ : 6WRRMPHQWIRDOYV ODUFK SS

6PLWKVRQLDQ 1DWSREDDFDXQV HXPWR UW HHPIRHOWRB &W RG
,QYHQWLRQ ,QQRYWWWUR G QL® W KHQ HBHFIRIKG ¥ ROPLSKQY D O

FROOHFWLRMXFRMBUNQJ $UFK LYY BHQHXPURILDWLR
$PHULFDQ +LVWRU\ 6PLWKVRQLDQ ,QM®LWXWBR®(:DVKL
5(&25'6 ER[ IROGHU

:DOWHUV 7 2 0 5 REHdtidygWrdst Relationships for Distributed Digital
Preservation Federations3SDSHU SUHV HQQWHAIBUDW WMKRH) DVOK&RQIHUHQ
BUHVHUYDWLREMRIFWYLW®3(6 /RQGRQ

DWWV ' -Sixdegrees : the sciee of a connected age VW HG 1HZ <RUN 1RU\

"HLVHU O 7KH &R X \EHQW R YiStlentfic &kieQoahX265
GRL FLWHXOLNH DUWLFOH LG

:LOVRQ 7 ' KEHRW L YDLQNG MQ | R UAnDual RBVigw\OH ifavirhafiah
Science and Technology, 42 GRL DULV



<LQ 5 . Case study research : design and methodsV K H G IRV $QJHOHV &D
SXEOLFDWLRQV
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$33(1',; $ ,QLWMIDHYZ D¥WHHWLRQV 6SHQFHU S

 QWURGXFWLRQ
,Q D UHVHDWKDWURMHFWH FXUUH GMDO 02 RARPLSXIHRVH GR LQ D
GDWD PDQDJHPHQW SURFHVYV
'LG WKLV SURMHFWUKRDYH. RQGRW B BQUBHMPHQW SODQ UHTX

7UDLQLQJ
+DYH \RX KDG WUDLQLQJ LQ GDWD FXUDWLRQ"
‘KR SURYLGHG WKH WUDLQLQJ"
.l VR ZKDW NLQG ZKDW WRROV"
'R \RX IHHO WKDW LW ZDV DGHTXDWH"
'KDW ZRXOG \RX OLNH WR NQRZ PRUH DERXW"

SURMHFEW
:KDW DUH WKH VRXUFHV RI GDWD"
'LG \RX FUHDWH QHZ GDWD VRXUFHYSHW I[SHDHIQW B IO WKHWX O
VHWY FRGLQJ ILOHV LQGH[HV "
+RZ GLG \RX RUJDQL]H WKH GDWD"
'LG \RX GRFXPHQW WKLV V\VWHP"
$UH WKH GDWD EDFNHG XS"
+RZ :KHUH"
'R \RX NHHS D SHUVRQDO DUFKLYHRRODARDMKHBLBIOIV UHKDOD®
ODE ERRNV H PDLOV SKRWRJUDSKV "
+RZ :KHUH DUH WKH\ VWRUHG"
, I \RX ZDQWHG WR JR KE WKN @& RO QWAK B M ZRRWXW LPS
LQIRUPDWLRQ WR KDYH"

.l VRPHRQH ZDQWHGERQR W H%PW F\RWMH RUPOW LR QZKPX\D G E
QHHGHG"

&ROODERUDWLRQ
'R \RX FROODERUDWMAIBD ZENMHKURWKHW KJH/ SURMHFW"
+RZ GLG \RX PDQDJH YHUVLRQ FRQWURO"
:KDW VRIWZDUH LI DQ\ GLG \RX XVH"

((WUD GHSDUWPHQWDO DFWLYLWLHV

2XWVLGH RI \RXU GHSDVUMWRIEBQWHGRMREL FAD/MEDWAKBRQ H G
RU QRQ VDQFWLRQHG VXFK DV D FDRBKVRERPIREWMOHML RZE
DFWLYLW\ ZLWK IDFXOW\ QRW IURP \RXU GHSDUWPHQW"
+DYH \RX HYHU GLQBXIVOHE SXHVYRUWKSOB IDFWLYLWLH
'R \RX EHORQJ WR RUJDQL]DWLRQV KRHU PDPISYXHUNQ VK LIFKX
+DYH \RX HYHU GNYVURXVFIHG\EDaVHUW R IZ LAMVDR DXMRQH TUR
RUJDQL]DWLRQV" ([SODLQ



SUHVHUYDWLRQ
2QFH \RX ZHUH ILQLYKRIGHAW KGR KB R VKIBDIX\HI DUSDWEX VWL Q.

PDWHULDOV" :KDW ZLOO QRW EH KHOG"
‘KHUH ZLOO WKH\ EH KHOG"

‘KR LV UHVSRQVLEOH IRU WKHP"

.l QRW :K\ GRQYW \RX DUFKLYH \RXU PDWHULDOV"

'LG DQ\RQH RIIHUPDNGOPRWHHVH GHFLVLRQV"

.l VRPHRQH ZH®RH\ RWRU WIGDMWJ QQW WR \HDUV RU ORQJHU
LQIRUPDWLRQ ZRXOG EH QHHGHG"

1 \RX ZHUH DUFKL YK QRURXW XUHY N ERKKFOGED BN \WZHKKHD \R RV W
LPSRUWDQW WKLQJV WR EH SUHVHUYHG"

‘KR ZRXOG SRWHHRWH DM\KXQV GDWD"

'KDW DUH \RXU H[SHEWDWLRWDHY HLHV RIVEDWHRY BPRSLSU!



$33(1',; % )DFH WR )DFH 6XUYH\ 4XHVWLRQV

'‘DWD 3UHVHUYDWLRQ &RPPXQLFDWLRQ

,QWUR 7 K H VKHH GHV DQ HW LRRIDWBRIDWKQSWR FIHWYV EHORZ DUH
TXHVWLRQV LQ WKLV VXUYH\ $ FRSDQMOW FE K KD® GG RWRWHR
VXUYH\

5DZ 7KH GDWD DWHG HAHMHAUDWHG RU DFTXLUHG
3URFHVVHG 7KK IUDZHGDWBILYHGVRMUUMGDEDE WWRVEKWH LQ W
UHVHDUFK 7KLVGRBLQ®DFORGWHU H Q QUK HOGFPW QR WWHIPR WKH G D
VXSHUIOXRXV WA NMQJ XRH HRUU RKD/ P BURGWR LIQFOEBW DGGLQ
RU VXSSOHPHQWD WGLID R BPOWDIGFOOVDQWR WKH GDWD VHW
$QDO\]HG 7KH WWEIDIWDLQ WHKIFRULWLFDOO\ H[DPLQHG E\ WKH U
LQIRUPDWLRQ RU DHWHBWKKWR MWKMILRQ B Q YAHLRURWKNM GDWD
SURGXFH QHZ GDWD RHVRW KEH US B R @SBV FW R R /WK XROU
JLOQDOL]HG 7K HK @& DA/DWWDWDLI H A\AGHOERIUN ZRLFKDQGACPDQLSXODW
GDWD E\ WKH UHVHDUFKHU KDYH FHDVHG

%DFNXS %DFNXSGG0WWDLDUH FSUWHRDWAAEF WR D B3 LD VIVOFUUH QIBF R Y H
SDUWLFXODUO\ GXULQJ D SURMHFW

$UFKLYH $UFK L YUHS GIDMOD DLOHV W BRUHE & LIRWIGO®DWHID XVH FRQV
ORQJ WHUP VWRUDJH

'DWD 5HSRVLWRDFHIZKHQMW GDW 5 @MDY W RG HEG B QRSI PWVYLR QD
OHWDGDWD ,QIRUMDMIL R ® FIXERX W WHDNG BR/G WELISWH. RBD D X W K R

SHVSRQGHQW 7UDFNLQJ 1XPEHU

+RZ ZRXOG \RX GHVHOEHRRWKHHQORZORZLQJ"
BBBBBB *RRG ILOH QDPLQJ FRQYHQWLRQV
BBBBBB OHWD GDWD

BBBBBB %DFN XS VWUDWHJILHV

BBBBBB /RQJ WHUP GDWD SUHVHUYDWLRQ

:KDW SHUFHQWDBHHPRIGWHK HRWWMRXDUHHVHDUFK GDWD D
BBBBBB 0ODQDJHG E\ \RX SHUVRQDOO\

BBBBBB ODQDJHG E\ VRIFHPRPQRKZLWRDQIDERUDWLRQ JUR
BBBBBB ODQDJHG E\ '"HSW &ROOHJIH ,7 VWDII

BBBBBB ODQDJHG E\ WKH 8QLYHUVLW\ ,7 VWDII

BBBBBB 7KLUG 3DUW\



+RZ RIWHQ GR \RX XVH WKH IROOIRDHQQ IPL QD FR GRMHA WU RQ
UHVHDUFK GDWD"

BBBBBB 5HSUHVHQWY ILOH FRQWHQWYV

BBBBBB 1DWXUDOO\ RUGHUHG QXPHULF RU DOSKDEHWLF
BBBBBB )DFLOLWDWHY YHUVLRQ FRQWURDO

BBBBBB J)ROORZV VWDQGDUGY HVWDEOLVKHG E\ \RXU GLVFLS
BBBBBB &RQVLVWHQWHW K BR SIKRKMF WR XILL QHH V\VWH P

+RZ IUHTXHQWO\ GR \RX XVHDRWD V@&L\WK D@ GCD G R WHKHLLE I3 |
VLPLODU H[SHU\DQGHDRDE SURGHW\OW XVH LW"
BBBBBB <RXU &KRLFH

+RZ IJUHTXHQWO\ GRR&X Y VRYWPDEKDRW RKP\EIZPLEO\ JHQHU
XVHIXO PHWD GDWD"
BBBBBB

+RZ PXFK RI \RXU UHVHDUFK GDWD DUH

ir A9 ~ie TO rii9g ~Te Al r6fA9 ~i|  6f r 119 ~q
5DZ . . . .
SURFHVVHG . . . .
$QDO\]HG . . . .
JLQDOL]HG . . . .

+RZ IUHTXHQWO\ GR VR® HM YLLHZOB GW® J HRXVX (SH RWKHHRE VF D Q E F
RSHQHG DQG UHDG"

E A E ~i tZ v/ v S
E A] A }lo &

A EC & A z

5DZ . . . .
BURFHVVHG . . .
$QDO\]HG . . . .
J)LQDOL]JHG - . . .




,Q JHQHUDO KRZ ORQJGIDRNVIR X HEWHD KB YR\IRKID XN YDOXH IRU \I
RWKHUV LI WKH\ ZHUH WR SUHVHUYHG"

A rii iiriii | /v (]v]
C E+- C E- ~0e

5DZ L] L] L] L] L] L] L]
BURFHVVHG

$QDO\]HG

)LQDOL]HG

5DQN UHVSRQVLELOLW)\ IRU DUF KX LIQAQL\RK D UHBSHRWMAKFEWG D
GDWD LV FUHDWHG GXULDQIWBH \$ HW\OQHKENP & B W HG/ "VWRUHG
BBBBBB <RX SHUVRQDOO\"

BBBBBB 0ODQDJHG ZKW KIRDWDRE@®VBBXE
BBBBBB 'HSW &ROOHJIH ,7 VWDII
BBBBBB 8QLYHUVLW)\ ,7 VWDII

BBBBBB 7KLUG SDUW\

:KDW LV WKH PRMW¥ WVGEIHHWDL @ DAKD B K KF GDWIDF BDVUSINUP D QH C
FRVW \RX™"
BBBBBB <HV

+RZ ITUHTXHQWO\ GRXSRXRBDNM EDFRXU GIDWD LYW BBNDWHG G
SURMHFW DQR®U\GLYMHQOFHSIHGHFRYHU\ "
BBBBBB

7KH EDFNXSV DUH W\SLFDOO\
- 0DQXDO
« $XWRPDWLF

7KH EDFNXS ILOHV DUH
BBBBBB 0DQDJHG E\ \RX SHUVRQDOO\
BBBBBB 0ODQDJHG E\ VRREERK LRR®RADERUBNMWLRQ JURXS
BBBBBB 0ODQDJHG E\ '"HSW &ROOHJIH ,7 VWDII
BBBBBB 0ODQDJHG E\ 8QLYHUVLW\ ,7 VWDII
BBBBBB 0ODQDJHG E\ D WKLUG SDUW\



,QVWU $V ZH WDONFXBF IJRXQ P RRVCHMBQWLWHLYWLIVQEH GDWD
UHFHQW UHVHDUFK SURMHFW WR D)YRWZ WK WV KRHO GRROZQ.RZ LW Z R RT,
SOHDVH FRQVLGHU \RXU PRVW VHQVLWLYH UHVHDUFK GDWD

,Q WKH WDEOH GEHFIRYZH IEBDW 8 LMD ORGJZWROWK BEHH. GXULQJ
UHVHDUFK 30OHDVH VHOHFW DV PDQ\ DV DSSO\
BBBBBB 5DZ
BBBBBB 3URFHVVHG
BBBBBB $QDO\]HG
BBBBBB )LQDOL]HG

,Q WKH WDEOH GHFIRZH SRX D \ZH GQE QWPHM MVW R SKBMHFW L\
DQG SXEOLVKHG 30HDVH VHOHFW DV PDQ\ DV DSSO\
BBBBBB 5DZ
BBBBBB 3URFHVVHG
BBBBBB $QDO\]HG
BBBBBB )LQDOL]HG

,QVWU )RU WKH IROORZLQJ WZR TXWVWHRWW LSYOAH DM M HHIRUPKL C

,Q WKH WDEOH GEHFIRZH SDKDW Hz WO O RYIZRROK EHH GXULQ.
UHVHDUFK 30OHDVH VHOHFW DV PDQ\ DV DSSO\
BBBBBB 5DZ
BBBBBB 3URFHVVHG
BBBBBB $QDO\]HG
BBBBBB )LQDOL]HG

,Q WKH WDEOIHBHPRWY HS\®HKD \KHL. O 1 LGV Bl VoM WMHRU VS UR M H F W
DQG SXEOLVKHG 30HDVH VHOHEW DV PDQ\ DV DSSO\
BBBBBB 5DZ
BBBBBB 3URFHVVHG
BBBBBB $QDO\]HG
BBBBBB )LQDOL]JHG



6HOHFW WKH QXMEHU |ULFRPOWREKHWWNKDWGLVKEORNYWWW WR \RX

BBBBBB 0\ OHYHO Rl FRQILGHQFH WRIOGL MLKAOS [FURYFABHHW RNQ VYT L\
HOHPHQWYVY RI WKHLU MRE LV

BBBBBB 0\ OHYHO RIKH © QL/HHQNVH WWKITNWAWDHIO @ LMD IOR X JKW R X W
DERXW WKHLU MRE LV

BBBBBB 0\ OHYHO RIKHR © QL/HHQNH WAK,DW WD Il ZLOO IROORZ Wt

BBBBBB 0\ OHYHO RI KR @ QUG/HHQNH WRIKQD BFW/IB SIWKCCEVOH OHYHO RI
XQGHUVWDQGLQJ RI WKHLU MRE LV

BBBBBB 0\ OHYHO RI KR @ QUGHHQVH WWKHY \DVBROCH IWZR GsAR WKHLU MR
DFFHSWDEOH PDQQHU LV

BBBBBB :KHQ WKH 8Q WHQOV WH , ¥ R/PMEDRK LKRIQIRGEBR¥H WKDW ,
RQ ZKDW WKH\ WHOO PH LV

BBBBBB 0\ FRQILGHQEMW \L (7 W KH 18 QA IRWIKRR XWK HF DMRME. Z@J RWKHU

BBBBBB 0\ OHYHO RI KR @ QUG&/HHYKRH WK, B QW DWIKUIRXQ K ZKDW WK
GRLQJ RQ WKH MRE LV

'R DQ\ RI \RXU IXQG LD WR R WFWHRMWWADHIDNH DH QWS ODQ DV D
RI IXQGLQJ"
e« <HV
. 1R

'R DQ\ RI \RXU I XQIBGULQUHWRKDWHWVO W RDALWKXRRWKHUV SXE!
GDWD RU GHSRWRW \GRWI DWHRMLWRU\"
* <HV
1R

'R DQ\ RI \RXU X QGULQIHWR KD WH\R XIUHSIDHVD EHRHR QG WKH OL
IXQGLQJ"
e« <HV
. 1R

'R DQ\ RI \RXU IXQGLQJ DIHQFLHWHWARUBK RN LRXVEODF
UHSRVLWRU\ D FHGWWDO.® DWRUHIGHDOG PDLQWDLQHG
¢« <HV
¢« 1R

+DYH \RX HYHU GHSRVLWHG GDWDHSRWRWR&DWBH Il §F RW R WDF
ZKHUH GDWD LV VWRUHG DQG PDLQWDLQHG "
%0 & 68

% 2WKHU



5SHSRVLWRU\ QDPH RU ORFDWLRQ

, I QRW UHTXLUHG ZRXOG \RX EH ZLOO LRQJL QY RVYX K EIXIW\X Ul
*» <HV
1R

+DYH \RX HYHU GHSIRWDW.KQGVR @ BBWDGIHSRVLWRU\"
% &68 'LILWRRO

% 2WKHU

, I RWKHU ZKHUH K® YHH WROX GaIHVS B V]GV RJ B SRAVQWERDI\ PD\ EF

I QRW UHTXLUHGLRXDIGWRXVEHREDV L\@WR PHMHID WD DOL]HG
WKH IXWXUH"
e <HV
. 1R

+DYH \RX HYHU UHFHLYHG GLJLWDO GDWD PDQDJHPHQW W
e <HV
« 1R

+RZ PDQ\ GDWD PDQDIJHPHQW ZRDWWHHRBFHRBUWR WAKLFR Q M
UHFROOHFWLRQ"

Iv §Z %o S SZE

&68 +RVWHG | | |
1RQ &68 +RVWHG | |

I QRQ &68 KRVWHG ZKR KRVWHG"

S3OHDVH VHOHFWGAKDIV FIDWHDIWH PRIXWE WUDLQLQJ FRYHU
% )LOH 1DPLQJ

% OHWD GDWD &UHDWLRQ
% %DFN XS 6WUDWHJILHV
% 'DWD 3UHVHUYDWLRQ



BHOHFW WKH QX¥MEHU | ULRPOWREH W KIDOWG L VKEORNWWW WR \RX
BBBBBB 0\ OHYHO RI FRAOGHJIH R U KSW WKRHQWDO ,7 VWDII L
FRPSHWHQW DW WKH FULWLFDO HOHPHQWV RI WKHLU MRE LV
BBBBBB 0\ OHYHO RI FRQ&OGHJIH R W KISW\WDKMHZQ WO ®PDNH ZHOO
RXW GHFLVLRQV DERXW WKHLU MRE LV
BBBBBB 0\ OHYHO RI FRQ&OGHJIH R W KISW\WDKHZQ WO QROORZ WK
DVVLIQPHQWYV LV
BBBBBB 0\ OHYHO RI FR®&OGHJIH R UV KTSW\WDKRHK@W DD0Q DFFHSWE
RI XQGHUVWDQGLQJ RI WKHLU MRE LV
BBBBBB 0\ OHYHO RI FRAOGHJIH R W KTISWWDKMHZQ WO EH DEOH W
MRE LQ DQ DFFHSWDEOH PDQQHU LV
BBBBBB :KHQ WKH &ROQWDID RT VAVID K WPIO PV @EHYWRP RWFR QL
WKDW , FDQ UHO\ RQ ZKDW WKH\ WHOO PH LV
BBBBBB 0\ FRQILGHQFH LQ WKH &R O GHRI MW RK VHRSED B MWP KIRXWD @ [
RWKHU SUREOHPV LV
BBBBBB 0\ OHYHO RI FRAODGHJIH R U KSBW WKRHQWDO ,7 VWDII 2
WKH\ DUH GRLQJ RQ WKH MRE LV



$33(1',; & )LQDO ,QWHUYLHZ 4XHVWLRQV

+RZ VKRXOG WKH XQUNWRXUWN @BHRGHKIDEVHHY HDWKKHW\G L J
UHVHDUFK GDWD"
D &DWHJRULHYV
L 7THFKQLFDO 6WDII
LL6\WWHPV
LLZUDLQLQJ
+DV VKRXOG WKH XIG YH UV VW \PIOROD\MMHERIOD W SROD DWSWR G LJL
LQ JHQHUDO"
I LW KDV RU VKRXOG KRZ"
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(DFK SURSRVLQJ RUJDQL]DWLRQ WKDW YLWGQBI@ WeR 16P&@W KDV QRW UH
ZLWWIKRUHYLRXV WZR \HDUV VKRXOG EH SUHSDUHG WR VXEPLW EDVLF
PDQDJHPM) IRUPDQYGRFMHUWLILFDWLRQV ZKHQ UHTXHVWHG WR WKH DS
PDNLQJ GIZLMWHEREY 7KH UHTXLVLWH LQIRUPDWLURRVIS\HEWVLFNWH.EHG LQ W
1HZ $ZDUGHH 7M. QHRUPDWLRQ FRQWDLQHG LQ WKLV *XLGH ZLOO DVV]
RUJDQL]DWLRQ LQ SUHSDUWKHGRRQQHD WA EREFK)RXQGDWLRQ UHTXLL
WR FRQGXFW DGPLQLVWUDWL YW KBHQED QLLQ D WERMO DKWL HZVGRIl DO VR
VHUYHV DV D PHORM WL @LIKKH DFHFRLQWRRREWD\W HG ZLWK
)HGH DZ G/

7R IDFLOLWDWH SURSRVDO SUHSDUDWLRBA@Y )UHTXHQWO\ $VNHG 4XHVW
UHJDUSURS SWUMHGDUDWLRQ DQG VXEPLVVLRQ DUH DYDLODEOH HOHFWL

WKH 1Z8HELWH

$ ERQIRUPDIQ¥VFRIVWUXIRBMURQRVDO 3UHSDUDWLRQ

W LV LPSRUWDQW WKDW DOO SURSRWRY\ GR® IRQY AV MR "&KH LQVWUXF
&RQIRUPDQYFHAXLUHG DQG ZLOO EH VWULFWO\ HYRGHINGDIWHHOHVV DQ D
IURP VW DSQURBUEBUHGDUDWLRQ UHTXLUHPHQWY KDV EHHQ DSSURYHG 1
ZLWKRXW UHYLHZ BUBBWVHRYVMKBDMQW ZLWK WKHVH LQVWUXFWLRQV

&KDSWHU ,9 % IRU DGGLW)RADW DYAMRKRDMHRDQ\ GHYLDWLRQV IURP V
LQVWUXFWLRQV LQ DGNEPEN VRIRED RERQYNVOPD\ EH DXWKRUL]JHG LQ RQH
RI WZRV
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SUBJECT:  Open Data Policy—Managing Information as an Asset

Information is a valuable national resource and a strategic asset to the Federal Government, its
partners, and the public. In order to ensure that the Federal Government is taking full advantage of its
information resources, executive departments and agencies (hereafter referred to as “agencies”) must
manage information as an asset throughout its life cycle to promote openness and interoperability, and
properly safeguard systems and information, Managing government information as an asset will increase
operational efficiencies, reduce costs, improve services, support mission needs, safeguard personal
information, and increase public access to valuable government information.

Making information resources accessible, discoverable, and usable by the public can help fuel
entrepreneurship, innovation, and scientific discovery — all of which improve Americans’ lives and
contribute significantly to job creation. For example, decades ago, the Federal Government made both
weather data and the Global Positioning System (GPS) freely available to anyone. Since then, American
entrepreneurs and innovators have used these resources to create navigation systems, weather newscasts
and warning systems, location-based applications, precision farming tools, and much more.

Pursuant to Executive Order of May 9, 2013, Making Open and Machine Readable the New
Default for Gavernment Information, this Memorandum establishes a framework to help institutionalize
the principles of effective information management at each stage of the information’s life cycle to
promote interoperability and openness. Whether or not particular information can be made public,
agencies can apply this framework to all information resources to promote efficiency and produce value.

Specifically, this Memorandum requires agencies to collect or create information in a way that
supports downstream information processing and dissemination activities. This includes using machine-
readable and open formats, data standards, and common core and extensible metadata for all new



information creation and collection efforts. It also includes agencies ensuring information stewardship
through the use of open licenses and review of information for privacy, confidentiality, security, or other
restrictions to release. Additionally, it involves agencies building or modernizing information systems in
a way that maximizes interoperability and information accessibility, maintains internal and external data
asset inventories, enhances information safeguards, and clarifies information management
responsibilities.

The Federal Government has already made significant progress in improving its management of
information resources to increase interoperability and openness. The President’s Memorandum on
Transparency and Open Government' instructed agencies to take specific actions to implement the
principles of transparency, participation, and collaboration, and the Office of Management and Budget’s
(OMB) Open Government Directive® required agencies to expand access to information by making it
available online in open formats. OMB has also developed policies to help agencies incorporate sound
information practices, including OMB Circular A-130" and OMB Memorandum M-06-02." In addition,
the Federal Government launched Data.gov, an online platform designed to increase access to Federal
datasets. The publication of thousands of data assets through Data.gov has enabled the development of
numerous products and services that benefit the public.

To help build on these efforts, the President issued a Memorandum on May 23, 2012 entitled
Building a 2 1st Century Digital Government’ that charged the Federal Chief Information Officer (CIO)
with developing and implementing a comprehensive government-wide strategy to deliver better digital
services to the American people. The resulting Digital Government Strategy” outlined an information-
centric approach to transform how the Federal Government builds and delivers digital services, and
required OMB to develop guidance to increase the interoperability and openness of government
information.

This Memorandum is designed to be consistent with existing requirements in the Paperwork
Reduction Act,” the E-Government Act of 2002,* the Privacy Act of 1974, the Federal Information
Security Management Act of 2002 (FISMA),"” the Confidential Information Protection and Statistical
Efficiency Act of 2002 (CIPSEA),'" the Freedom of Information Act,'” the Information Quality Act,"” the

! President Barack Obama, Memorandum on Transparency and Open Government (Jan, 21, 2009), available at
http://www.whitehouse.gov/the_press_office/TransparencyandOpenGovernment.

* OMB Memorandum M-10-06, Open Government Divective (Dec. 8, 2009), available at
hitpz//www.whitchouse.gov/sites/default/files/omb/assets/memoranda_2010/m10-06.pdf

* OMB Circular A-130, available ar hitp://www whitehouse goviomb/Circulars_al30_al 30trans4/

' OMB Memorandum M-06-02, Improving Public Access to and Dissemination of Government Information and Using the Federal Enterprise
Architecture Data Reference Model (Dec. 16, 2005), available ar hup://www.whitchouse_gov/sites/defanlv/files/omb/memoranda/ty2006/m06-
02:pdt

* President Barack Obama, Memorandum on Building a 21st Century Digital Government (May 23, 2012), available at

http://www. whitehouse gov/sites/default/ files/uploads/201 2digital_mem_rel pdf

“Office of Management and Budget, Digital Government; Building a 21" Century Platform to Better Serve the American Peaple (May 23, 2012),
available ar hup://www.whitehouse. gov/sites/default/files/omblesov/digital-government/digital-government-strategy. pdf

T44US.C §3501 et seq.

¥ Pub. L. No. 107-347, 116 Stat. 2899 (2002) (codified as 44 U.S.C. § 3501 note).
¥5US.C §552a

44 US.C. § 3541, ef seq.

" Section 503(a), Pub. L. No. 107-347. 116 Stat, 2899 (2002) (codified as 44 U.S.C. § 3501 note); see also Implementation Guidance for Title V
of the E-Government Act, Confidential Information Pratection and Statistical Efficiency Act of 2002 (CIPSEA), available ar

5 USC 552(a)(2).



Federal Records Act, "* and existing OMB and Office of Science and Technology Palicy (OSTP)
guidance.

If agencies have any questions regarding this Memorandum, please direct them to OMB at
datausei@@omb.eop.gov.

Attachment

% pub, L. No. 106-554 (2000) (codified at 44 U.S.C. § 3504(d)(1) and 3516). See also OMB Memorandum M-12-18, Managing Government
Records Directive (Aug. 24, 2012), available ar htp://www. whitehouse gov/sites/default/files/omb/memoranda2012/m-12-18.pdt.

H 44 US.C. Chapters 21, 22,29, 31, and 33, See also 36 CFR Subchapter B - Records Management.



Attachment

This attachment provides definitions and implementation guidance for M-13-13, Open Data
Policy—Managing Information as an Asset.

Definitions:

Data: For the purposes of this Memorandum, the term “data” refers to all structured information, unless
otherwise noted."”

Dataset: For the purposes of this Memorandum, the term “dataset™ refers to a collection of data
presented in tabular or non-tabular form.

Fair Information Practice Principles: The term “Fair Information Practice Principles” refers to the
eight widely accepted principles for identifying and mitigating privacy impacts in information systems,
programs and processes, delineated in the National Strategy for Trusted Identities in Cyberspace.'®

Government information: As defined in OMB Circular A-130, “government information” means
information created, collected, processed, disseminated, or disposed of, by or for the Federal Government.

Information: As defined in OMB Circular A-130, the term “information™ means any communication or
representation of knowledge such as facts, data, or opinions in any medium or form, including textual,
numerical, graphic, cartographic, narrative, or audiovisual forms.

Information life cycle: As defined in OMB Circular A-130, the term “information life cycle” means the
stages through which information passes, typically characterized as creation or collection, processing,
dissemination, use, storage, and disposition.

Personally identifiable information: As defined in OMB Memorandum M-10-23," “personally
identifiable information™ (PII) refers to information that can be used to distinguish or trace an individual’s
identity, either alone or when combined with other personal or identifying information that is linked or
linkable to a specific individual. The definition of PII is not anchored to any single category of
information or technology. Rather, it requires a case-by-case assessment of the specific risk that an
individual can be identified. In performing this assessment, it is important for an agency to recognize that
non-PII can become P11 whenever additional information is made publicly available (in any medium and
from any source) that, when combined with other available information, could be used to identify an
individual.

Mosaic effect: The mosaic effect occurs when the information in an individual dataset, in isolation, may
not pose a risk of identifying an individual (or threatening some other important interest such as security),
but when combined with other available information, could pose such risk. Before disclosing potential
P11 or other potentially sensitive information, agencies must consider other publicly available data — in

' Structured information is to be contrasted with unstructured information (commonly referred to as “content”™) such as press releases and fact
sheets. As described in the Digital Government Strategy, content may be converted to a structured format and treated as data. For example, a
web-based fact sheet may be broken into the following component data picces: the title, body text, images, and related links.

w 'I'hc Whilt. HDUSL \'a.‘rrmm' S'fmlegv jor Tri m‘fed ldennries in F ¥ bcrvpuce (A])ril 2011), available a1

7 OMB Mulwr'ulclunl M-10-23, Guidance IE:P' Agency Use afﬁ'nrd Par.'v Websites and Applications (June 25, 2010), available at
hup:/www. whitchouse gov/sites/defauly/files/omb/assets/memoranda_2010/m10-23 pdf




any medium and from any source — to determine whether some combination of existing data and the data
intended to be'publicly released could allow for the identification of an individual or pose another security
concern.

Open data: For the purposes of this Memorandum, the term *open data™ refers to publicly available data
structured in a way that enables the data to be fully discoverable and usable by end users. In general,
open data will be consistent with the following principles:

o Public. Consistent with OMB’s Open Government Directive, agencies must adopt a presumption in
favor of openness to the extent permitted by law and subject to privacy, confidentiality, security, or
other valid restrictions.

e Accessible. Open data are made available in convenient, modifiable, and open formats that can be
retrieved, downloaded, indexed, and searched. Formats should be machine-readable (i.e., data are
reasonably structured to allow automated processing). Open data structures do not discriminate
against any person or group of persons and should be made available to the widest range of users for
the widest range of purposes, often by providing the data in multiple formats for consumption. To the
extent permitted by law, these formats should be non-proprietary, publicly available, and no
restrictions should be placed upon their use.

e Described. Open data are described fully so that consumers of the data have sufficient information to
understand their strengths, weaknesses, analytical limitations, security requirements, as well as how
to process them. This involves the use of robust, granular metadata (i.e., fields or elements that
describe data), thorough documentation of data elements, data dictionaries, and, if applicable,
additional descriptions of the purpose of the collection, the population of interest, the characteristics
of the sample, and the method of data collection,

e  Reusable. Open data are made available under an open license that places no restrictions on their use.

e Complete. Open data are published in primary forms (i.c., as collected at the source), with the finest
possible level of granularity that is practicable and permitted by law and other requirements. Derived
or aggregate open data should also be published but must reference the primary data.

e Timely. Open data are made available as quickly as necessary to preserve the value of the data.
Frequency of release should account for key audiences and downstream needs.

e Managed Post-Release. A point of contact must be designated to assist with data use and to respond
to complaints about adherence to these open data requirements.

Project Open Data: “Project Open Data,” a new OMB and OSTP resource, is an online repository of
tools, best practices, and schema to help agencies adopt the framework presented in this guidance.
Project Open Data can be accessed at http://project-open-data.github.io."® Project Open Data will evolve
over time as a community resource to facilitate adoption of open data practices. The repository includes
definitions, code, checklists, case studies, and more, and enables collaboration across the Federal
Government, in partnership with public developers, as applicable. Agencies can visit Project Open Data
for a more comprehensive glossary of terms related to open data.

'™ Links to the best practices developed in Project Open Data referenced in this memorandum can be found through the directory on this main
page.
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Scope:

The requirements in part I11, sections 1 and 2 of this Memorandum apply to all new information
collection, creation, and system development efforts as well as major modernization projects that update
or re-design existing information systems. National Security Systems, as defined in 40 U.S. C. 11103, are
exempt from the requirements of this policy. The requirements in part II1, section 3 apply to management
of all datasets used in an agency’s information systems. Agencies are also encouraged to improve the
discoverability and usability of existing datasets by making them “open” using the methods outlined in
this Memorandum, prioritizing those that have already been released to the public or otherwise deemed
high-value or high-demand through engagement with customers (see part I11, section 3.c). Agencies
should exercise judgment before publicly distributing data residing in an existing system by weighing the
value of openness against the cost of making those data public.

Policy Requirements:

Agencies management of information resources must begin at the earliest stages of the planning process,
well before information is collected or created. Early strategic planning will allow the Federal
Government to design systems and develop processes that unlock the full value of the information, and
provide a foundation from which agencies can continue to manage information throughout its life cycle.

Agencies shall take the following actions to improve the management of information resources
throughout the information’s life cycle and reinforce the government’s presumption in favor of openness:

Collect or create information in a way that supports downstream information processing and
dissemination activities — Consistent with OMB Circular A-130, agencies must consider, at each stage of
the information life cycle, the effects of decisions and actions on other stages of the life cycle.
Accordingly, to the extent permitted by law, agencies must design new information collection and
creation efforts so that the information collected or created supports downstream interoperability between
information systems and dissemination of information to the public, as appropriate, without the need for
costly retrofitting. This includes consideration and consultation of key target audiences for the
information when determining format, frequency of update, and other information management decisions.
Specifically, agencies must incorporate the following requirements into future information collection and
creation efforts:

a. Use machine-readable and open formats'’ — Agencies must use machine-readable and open
formats for information as it is collected or created. While information should be collected
electronically by default, machine-readable and open formats must be used in conjunction
with both electronic and telephone or paper-based information collection efforts.
Additionally, in consultation with the best practices found in Project Open Data and to the
extent permitted by law, agencies should prioritize the use of open formats that are non-
proprietary, publicly available, and that place no restrictions upon their use.

" The requirements of this subscetion build upon existing requirements in OMB Statistical Policy Direetives No. | and No. 2, available ar
hupswww whitehouse. gov/sites/default/liles/omb/assets/omb/inforeg/directive Lpdf and




b. Use data standards — Consistent with existing policies relating to Federal agencies’ use of
standards™ for information as it is collected or created, agencies must use standards in order
to promote data interoperability and openness.

c. Ensure information stewardship through the use of open licenses — Agencies must apply
open licenses, in consultation with the best practices found in Project Open Data, to
information as it is collected or created so that if data are made public there are no restrictions
on copying, publishing, distributing, transmitting, adapting, or otherwise using the
information for non-commercial or for commercial purposes.” When information is acquired
or aceessed by an agency through performance of a contract, appropriate existing clauses”
shall be utilized to meet these objectives while recognizing that contractors may have
proprietary interests in such information, and that protection of such information may be
necessary to encourage qualified contractors to participate in and apply innovative concepts
to government programs,

d. Use common core and extensible metadata — Agencies must describe information using
common core metadata, in consultation with the best practices found in Project Open Data, as
it is collected and created. Metadata should also include information about origin, linked
data, geographic location, time series continuations, data quality, and other relevant indices
that reveal relationships between datasets and allow the public to determine the fitness of the
data source. Agencies may expand upon the basic common metadata based on standards,
specifications, or formats developed within different communities (e.g.. financial, health,
geospatial, law enforcement). Groups that develop and promulgate these metadata
specifications must review them for compliance with the common core metadata standard,
specifications, and formats.

2. Build information systems to support interoperability and information accessibility — Through
their acquisition and technology management processes, agencies must build or modernize
information systems in a way that maximizes interoperability and information accessibility, to the
extent practicable and permitted by law. To this end, agencies should leverage existing Federal IT
guidance, such as the Commion Approach to Federal Enterprise Architecture,” when designing
information systems. Agencies must exercise forethought when architecting, building, or
substantially modifying an information system to facilitate public distribution, where appropriate. In
addition, the agency’s CIO must validate that the following minimum requirements have been
incorporated into acquisition planning documents and technical design for all new information
systems and those preparing for modernization, as appropriate:

a. The system design must be scalable, flexible, and facilitate extraction of data in multiple
formats and for a range of uses as internal and external needs change, including potential uses
not accounted for in the original design. In general, this will involve the use of standards and
specifications in the system design that promote industry best practices for information

¥ See OMB Circular A-119, available ar hup://www.whitehouse.eov/omb/circulars_al 19, and OMB Memorandum M-12-08, Principles for
Federal Engagement in Standards Activities to Address National Priorities (Jan 27, 2012), available at
hupfwww. whitchouse.gov/sites/default/files/omb/memoranda/2012/m-12-08. pd!’

*f a data user augments or alters original information that is attributed to the Federal Government, the user is responsible for making clear the
source and nature of that augmentation.
 See Federal Acquisition Regulation (FAR) Subpart 27 4—Rights in Data and Copyrights, available at
hutps://acquisition.gov/far/current/html/Subpart%2027_4.html
- e — 7 . - 4

Office of Management and Budget, Common Approach to Federal Enterprise Architecture, available at
hitp:/fwww.whitehouse.gov/sites/default/files/omb/assets/egov_does/common_approach_to_federal _ea.pdf




sharing, and separation of data from the application layer to maximize data reuse
opportunities and incorporation of future application or technology capabilities, in
consultation with the best practices found in Project Open Data;

b.  All data outputs associated with the system must meet the requirements described in part 111,
sections l.a-¢ of this Memorandum and be accounted for in the data inventory described in
part 111 section 3.a; and

. Data schema and dictionaries have been documented and shared with internal partners and
the public, as applicable.

Strengthen data management and release practices — To ensure that agency data assets are managed
and maintained throughout their life cycle, agencies must adopt effective data asset portfolio management
approaches. Within six (6) months of the date of this Memorandum, agencies and interagency groups
must review and, where appropriate, revise existing policies and procedures to strengthen their data
management and release practices to ensure consistency with the requirements in this Memorandum, and
take the following actions:

a. Create and maintain an enterprise data inventory — Agencies must update their inventory
of agency information resources (as required by OMB Circular A-130)*' to include an
enterprise data inventory, if it does not already exist, that accounts for datasets used in the
agency’s information systems. The inventory will be built out over time, with the ultimate
goal of including all agency datasets, to the extent practicable. The inventory will indicate, as
appropriate, if the agency has determined that the individual datasets may be made publicly
available (i.e., release is permitted by law, subject to all privacy, confidentiality, security, and
other valid requirements) and whether they are currently available to the public. The Senior
Agency Official for Records Management should be consulted on integration with the records
management process. Agencies should use the Data Reference Model from the Federal
Enterprise Architecture™ to help create and maintain their inventory. Agencies must describe
datasets within the inventory using the common core and extensible metadata (see part 11,
section 1.e).

b. Create and maintain a public data listing — Any datasets in the agency’s enterprise data
inventory that can be made publicly available must be listed at www.[agency].gov/data in a
human- and machine-readable format that enables automatic aggregation by Data.gov and
other services (known as “harvestable files™), to the extent practicable. This should include
datasets that can be made publicly available but have not yet been released. This public data
listing should also include, to the extent permitted by law and existing terms and conditions,
datasets that were produced through agency-funded grants, contracts, and cooperative
agreements (excluding any data submitted primarily for the purpose of contract monitoring
and administration), and, where feasible, be accompanied by standard citation information,
preferably in the form of a persistent identifier. The public data listing will be built out over
time, with the ultimate goal of including all agency datasets that can be made publicly
available. See Project Open Data for best practices, tools, and schema to implement the
public data listing and harvestable files.

* See OMB Circular A-130, section 8(b)(2)(a).

* Office of Management and Budget, Federal Enterprise Architecture (FEA) Reference Models, available at hup://www whitchouse gov/omb/e-

s¢.20v/omb/e
zov/fea



c. Create a process to engage with customers to help facilitate and prioritize data release —
Agencies must create a process to engage with customers, through their
www.[agency].gov/data pages and other necessary means, to solicit help in prioritizing the
release of datasets and determining the most usable and appropriate formats for release,”®
Agencies should make data available in multiple formats according to their customer needs.
For example, high-volume datasets of interest to developers should be released using bulk
downloads as well as Application Programming Interfaces (APIs). In addition, customer
engagement efforts should help agencies prioritize efforts to improve the discoverability and
usability of datasets that have already been released to the public but are not yet fully “open™
(e.g., they are only available in closed, inaccessible formats). See Project Open Data for best
practices and tools that can be used to implement customer engagement efforts.

d. Clarify roles and responsibilities for promoting efficient and effective data release
practices — Agencies must ensure that roles and responsibilities are clearly designated for the
promotion of efficient and effective data release practices across the agency, and that proper
authorities have been granted to execute on related responsibilities, including:

i. Communicating the strategic value of open data to internal stakeholders and the
public;

ii. Ensuring that data released to the public are open (as defined in part I), as
appropriate, and a point of contact is designated to assist open data use and to
respond to complaints about adherence to open data requirements;

iti. Engaging entrepreneurs and innovators in the private and nonprofit sectors to

encourage and facilitate the use of agency data to build applications and services:

iv. Working with agency components to scale best practices from bureaus and offices

that excel in open data practices across the enterprise;
v. Working with the agency’s Senior Agency Official for Privacy (SAOP) or other
relevant officials to ensure that privacy and confidentiality are fully protected: and

vi. Working with the Chief Information Security Officer (CISO) and mission owners to

assess overall organizational risk, based on the impact of releasing potentially
sensitive data, and make a risk-based determination.

Strengthen measures to ensure that privacy and confidentiality are fully protected and that data
are properly secured — Agencies must incorporate privacy analyses into each stage of the information’s
life eycle. In particular, agencies must review the information collected or created for valid restrictions to
release to determine whether it can be made publicly available, consistent with the Open Government
Directive 's presumption in favor of openness, and to the extent permitted by law and subject to privacy,
confidentiality pledge, security, trade secret, contractual, or other valid restrictions to release. If the
agency determines that information should not be made publicly available on one of these grounds, the
agency must document this determination in consultation with its Office of General Counsel or
equivalent.

As agencies consider whether or not information may be disclosed, they must also account for the
“mosaic effect” of data aggregation. Agencies should note that the mosaic effect demands a risk-based

* (OMB Statistical Policy Directives 3 and 4 describe the schedule and manner in which data produced by the principal statistical agencies will be
refeased. Statistical Policy Directive No. 4; Release and Dissemination of Statistical Products Produced by Federal Statistical Agencies, available
at htp:/Awww whitehouse, gov/sites/default/files/omb/assets/omb/fedreg/2008/030708_directive-4.pdf: Statistical Policy Directive 3:

luation of Principal Federal Economic Indicators, available ar
s/default/files/omb/assets/omb/inforeg/statpolicy/dir_3_[r 09251985 pdf




also consult with the Controlled Unclassified Information (CUI) program to ensure compliance with CUI
requirements,”” the National Strategy for Information Sharing and Safeguarding,™ and the best practices
found in Project Open Data. In addition to complying with the Privacy Act of 1974, the E-Government
Act 0f 2002, FISMA, and CIPSEA, agencies should implement information policies based upon Fair
Information Practice Principles and NIST guidance on Security and Privacy Controls for Federal
Information Systems and Organizations.” For example, agencies must:

a. Collect or create only that information necessary for the proper performance of agency
functions and which has practical utility;"

b. Limit the collection or creation of information which identifies individuals to that which is
legally authorized and necessary for the proper performance of ageney functions;™

c¢. Limit the sharing of information that identifies individuals or contains proprietary
information to that which is legally authorized, and impose appropriate conditions on use
where a continuing obligation to ensure the confidentiality of the information exists:™

d. Ensure that information is protected commensurate with the risk and magnitude of the harm
that would result from the loss, misuse, or unauthorized access to or modification of such
information;™ and

e. Take into account other publicly available information when determining whether particular
information should be considered PII (as defined in part I of this Memorandum).

7 See OMB Circular A-130, available at hitp://www.whitehouse gov/omb/Circulars_al30_al 30transd/

™ NIST FIPS Publication 199 “Standards for Security Categorization of Federal Information and Information Systems”, available at
hitp://csrenisLeov/publications/fips/fips | 99/FIPS-PUB- 199-final.pdf

¥ Exeeutive Order 13556, Controlled Unclassified Information, available at hitp://www whitchouse, gov/the-press-offiee/2010/1 1/04/exeeutive-
order-135356-controlled -unclassified-information,

press-office/2012/12/1 9mational-strateey-information-sharing-and-safesuarding

" See NIST Special Publication §00-53 “Security and Privacy Controls for Federal Information Systems and Organizations”, evailable ar
esre.nisteov/publications/drafts/800-33-rev4/sp800-53-revd-ipd pd{

 See OMB Circular A-130, section 8(a)(2),

¥ See OMB Circular A-130, section 8(a)(9)(b).

* See OMB Circular A-130, section 8(a){9)(c).

* See OMB Circular A-130, seetion 8()(9)(a).
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