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3DX0O $ '"HPHUV
'LUHFWRU DQG 6HQLRU 6FLHQWLVW (SLGHPLRORJ\ 2&5& _ 3URIHVVRU 6WDWXV 'DOOD /DQD 6FKRRO H

7UDF\ .LUNKDP
$VVRFLDWH 'LUHFWRU DQG 6HQLRU 6FLHQWLVW ([SRVXUH 2&5& _ $VVLVWDQW 3URIHVVRU 6WDWXYV

.DWH -DUGLQH
/HDG .QRZOHGJH 7TUDQVODWLRQ DQG ([FKDQJH 2&5&

7LIIDQ\ /LHX
6SHFLDOLVW .QRZOHGJH 7UDQVODWLRQ DQG ([FKDQJH 2&5&

%UHQGD .RVWHU
6HQLRU 5HVHDUFK $VVRFLDWH ([SRVXUH 2&5&

7+ 7+( $66-67$1&( 2)

$Q\D .HHIH
2FFXSDWLRQDO 3XEOLF +HDOWK &RQVXOWDQW $Q\D .HHIH &RQVXOWLQJ _ $GMXQFW 3URIHVVRU 6FKF

-LOO ODF/HRG
ODQDJHU 2&5&

B \]
-HDYDQD 6ULWKDUDQ
6FLHQWLVW 6XUYHLOODQFH 2&5& _ $VVLVWDQW 3URIHVVRU 6WDWXV 'DOOD /DQD 6FKRRO RI 3XEOLF ‘

&S
&ROLQ %HUULDXOW e 1l
6HQLRU 5HVHDUFK $VVRFLDWH (SLGHPLRORJ\ 2&5& A

/LQK 1JX\HQ
5HVHDUFK $VVRFLDWH ([SRVXUH 2&5&

&DUPHO +LODO
5HVHDUFK $VVRFLDWH ([SRVXUH 2&5&

J)DWHPH 6HSLGH .RRVKNL
3K' 6WXGHQW 'DOOD /DQD 6FKRRO RI 3XEOLF +HDOWK 8QLYHUVLW\ RI 7TRURQWR

6WHSKDQLH =LHPELFNL
3K' 6WXGHQW 'DOOD /DQD 6FKRRO RI 3XEOLF +HDOWK 8QLYHUVLW\ RI 7TRURQWR
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7KH 2FFXSDWLRQDO &DQFHU 5HVHDUFK &HQWUH 2&5& LV EDVHG DW 2Q
2QWDULR OLQLVWU\N RI /DERXU —-PPLJUDWLRQ 7UDLQLQJ DQG 6NLOOV 'H
OLQLVWU\ RI +HDOWK 02+ DQG 2QWDULR +HDOWK 7KLV ZRUNVKRS ZDV
7KH YLHZV H[SUHVVHG LQ WKLV UHSRUW DUH WKRVH RI 2&5& DQG ZRUNYV
QHFHVVDULO\ UHIOHFW WKRVH RI WKH 0/-76' 02+ RU 2QWDULR +HDOWK

/$1" $&. 12:

I *(0(17

7KH ODQG RQ ZKLFK 2&5& RSHUDWHY DQG RQ ZKLFK WKH LQ SHUVRQ SR
KDV EHHQ WKH WUDGLWLRQDO ODQG RI WKH +XURQ :HQGDW WKH 6HQHF
IRU WKRXVDQGYV RI \HDUV 7RGD\ WKLV ODQG LV VWLOO KRPH WR PDQ\ -
7XUWOH -VODQG DQG ZH DUH JUDWHIXO WR KDYH WKH RSSRUWXQLW\ W

+2: 72 &-7( 7+-6 38%/-&$7-21

2FFXSDWLRQDO &DQFHU 5HVHDUFK &HQWUH 2QWDULR +HDOWK $GYDQF
HISRVXUH VXUYHLOODQFH LQ &DQDGD 7RURQWR 21

BURGXFHG E\ WKH
2FFXSDWLRQDO &DQFHU 5HVHDUF

WV D U LR p-dd ooy R oG & IXEFGHIGs BV DHUH
Y HO RPVHOQUWR OHHBOWKWKH 2QWDULR

X QG HG®XUWLHUN DWA7SY FQUH IWQ GURI
KRS BROWRMIWR SDOMDWLBQPG* GIR QRW

7THOHSKRQH

(PDLRFUF#RQWDULRKHDOWK FD
Z272Z RFFXSDWLRQDOFDQFHU FD

UW L RBGBIR66VKI2VE(BHRHEBBL QJ ZDV KHOC
D DQG WKH OLVVLVVDXJDV RI WKH
Q G L JRHIQRPIMEHRMG\OHSRIPIIPED F U R V V

R Z R URRFHIGHQ SDUNRULQ Z KR®I DQG E\
DQ P HDQV Z IWRXWAKDU H RUIXUMHU

SHP MRQ IRUQRQ FRP P HADO
SXUBRVHV SURYIGHG WDWGXH GLOI HORH LV
H HUAVHG LQ HQUXUQJ WH DFFXIDA Rl WH
IQIRUP DMRQ LHSLRGXFHG WDVWKH
2 FPXSDWRQDCR.DQAHUS HVHDURK &HQWH LV
IGHQWLHG DV WH VRXUH LOMIMWRQ DQG
WDVWIMH UHSLRGXPARQ LY QRWHSUHVHQMG
DVDQ Rl IADOYHMRQRI WH LQIRUP DMRQ
HSWRGXAHG QRUDVKDYIQJ EHHQP DGHIQ
DILAIDWRQ Z W, RUZ I WH HQGRUHP HOW
L QJ ZAR WiNZSHX SDird)DOS DQFHUS HVHDURK
&HOWH
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/ILVW Rl $SEEUHYLDWLRQV
([HEXWLYH 6XPPDU\
YRUHZRUG
BUHVHQWDWLRQV RQ &XUUHQW 2FFXSDWLRQDO ([SRVXUH 6XUYHLOODQFH —-QLWLDWLYHYV
7KH &RQWLQXLQJ '"HYHORSPHQW RI WKH &DQDGLDQ :RUNSODFH ([SRVXUH 'DWDEDVH &: ('
7KH -5667 V ([SRVXUH 6XUYHLOODQFH (IIRUWV DQG 3RWHQWLDO 8VHV Rl WKH 26+$ V —0-6 'DWDEDVH
7DUJHWHG 6DPSOLQJ &DPSDLJQV RI +LJK 5LVN :RUNSODFHYV
'KDW :H &DQ /HDUQ IURP —-QWHUQDWLRQDO ([SRVXUH 'DWDEDVH (IIRUWV
7KH & RQWLQXLQJ '"HYHORSPHQW RI &$5(; &DQDGD
7KH $VEHVWRYV :RUNHU 5HJLVWU\ 2SSRUWXQLWLHV IRU —PSURYHG ([SRVXUH 6XUYHLOODQFH LQ 2QWDUL
8VLQJ WKH 1DWLR GHOBROWXWDAOGWRU\ DQG 2WKHU (QYLURQPHQWDO 5HSRUWLQJ 3URJUDPV IRU :RUNSO
3RSXODWLRQ /HYHO 'DWD 6RXUFHV WR 8QGHUVWDQG ([SRVXUHV LQ 2QWDULR
3DWFK 7HWVR/ QHWWHU 8QGHUVWDQG +D]DUGRXV 'HUPDO ([SRVXUHV
%URDGHQLQJ WKH 6FRSH Rl :RUNSODFH 6XUYHLOODQFH WR 3V\FKRVRFLDO DQG 3K\VLFDO ([SRVXUHV DW
7KH 6LOLFD &RQWURO 7RRO $ ORGHO IRU 8VLQJ ([SRVXUH 'DWD WR 3UHYHQW 2FFXSDWLRQDO 'LVHDVH
7KHPHV IURP WKH 3UHVHQWDWLRQV
*DSV DQG 3ULRULWLHYV ~GHQWLILHG DW WKH :RUNVKRS
SHIHUHQFHYV
$SSHQGL[ - 6SHDNHU %LRJUDSKLHYV
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$VEHVWRV: RUINHUSHIWWM

YK &RAP ELD

&DQDGIDQ -RE ([ SRVXIHO D[

&DQDGEDY: RUNSOFH ([ SRVXIH' DIREDWH

"QMIUDWG 0 DQDIHP HQWQRWP DWRQ 6\ \IMP

"QUWAVGH UHRKHURKH 5 REHWAB DX Yec HQ VDQW HAHQ Ve PXUW GX WDYDIO
-RE ([ SRVXUHO DM

/ DERIDRY "QRUP DWRQ 0 DQDIHP HQMG\ WP

0 IQMAI Rl / DERXUP P LJUDARQ 7WDIQQI DQGBN@" HYHBRSP HQW

0 lQVW RI +HDAOM

1 DARQDO RWH5HIMM

1 DWRQDOQWMXWM | RU2 FEXSDWRQDGE DI HW DQG + HDIM

2 FRXSDWRQDORDQAHUS HVHDURK &HQWH

2 FRXSDARQDY [ SRVXWH/ 1P IW

2 QEUR / DERIDRUHV"QRUWP DARQ 6\ VWMP

2 FEXSDWRQDGB DI HW DQG + HDAM $GP IQMVADARQ

610D &RQAMRCYTRRO

EIDQ "Q RUP DWRQ 6\ WMP RQ 2 FRXSDWRQDY, [ SRVXUH R &DUAQRIHQV
60H: RUINO DQVMRED

8 QWG 6\
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3UHVHQWDWLRQV RXWOLQHG FXUUHQW ZR
$%287 7+( : 25.6+23 VXUYHLOODQFH LQLWLDWLYHV LQ &DQDGD

SURDFKHV LQO RWKHU MXULVGLFWLRQV

DS
(ISRVXUH VXUYHLOODQFH LV WKH RQJRLQ\me%V\H-kPI?_'\Q“_/F GDWD TXDOLW\ DQG FRPSO
FROOHFWLRQ DQDO\VLV DQG LQWHUSUHW G IXQGLQJ ZHUH VWU

GDWD RU RWKHU GDWD WKDW SURYLGHV %Kb%@béz%WWRWK%K?%VHQWDWLRQV 3UH\
SRWHQWLDOO\ KD]DUGRXV H[SRVXUHV KDY UHG

D NH\ WRRO IRU RFFXSDWLRQDO GLVHDVH SUHYHQWLRQ

'"HVSLWH LWV LPSRUWDQFH H[SRVXUH VXUYHkQODRFHGKBY RUNSODFH ([SRVXUH DV
EHHQ LGHQWLILHG DV D PDMRU JDS LQ RFFXSDWLRQDO

GLVHDVH SUHYHQWLRQ LQ &DQDGD 7R DG&EUHYRVWHHWXDS HLOODQFH HIIRUWV DW -
DQG LGHQWLI\ SULRULWLHY DQG QH[W VWHSRI 26KH$ ¥GYID-@FGRQWDEDVH

"RUNSODFH ([SRVXUH 6XUYHLOODQFH LQ &DQDGD

ZRUNVKRS ZDV KHOG RQ ODUFK LQ YRIPRIWWHG VDPSOLQJ RI KLIJK ULVN ZRUT

W H DWLRQD H[SRVXUH DWDEDVH!'
7KH REMHFWLYHV RI WKH ZRUNVKRS ZHUH WRQ ve QDO HIS UH G

e 7KH FRQWLQXLQJ GHYHORSPHQW RI &$5
$VVHVV WKH FXUUHQW VWDWH RI RFFXSDWLRQDO

H[SRVXUH VXUYHLOODQFH LQ &DQDGD DQGRGKOPMWVNRUYHLOODQFH XVLQJ WKH $V
WKH PRVW LPSRUWDQW JDSV 5HIJLVWU\

-GHQWLI\ WKH VNLOOV DQG UHVRXUFHY HHGHEQWRUIRQPHQWDO UHSRUWLQJ SU|
WKH JDSV ZRUNSODFH H[SRVXUH VXUYHLOODQFH

'HYHORS UHFRPPHQGDWLRQV WR DGYDQBNLQJ SRSXODWLRQ OHYHO GDWD VRXUTF
ZRUNSODFH H[SRVXUH VXUYHLOODQFH L@ @PHU\GDD QG H[SRVXUH

7KLV UHSRUW LQFOXGHV VXPPDULHV RI WRH3PVWHHOYWHWLROWR XQGHUVWDQG GHUF
RXWOLQHV WKH PDMRU JDSV DQG FKDOOHQJHY LGHOWLILHG DW |
WKH ZRUNVKRS DQG SURYLGHV UHFRPPHQG E/ QFH RI' SVIFKRVRFLDO DQG S

S U DW ZRUN
WKH UHVRXUFHV DFWLRQV DQG SURMHFWY QHHGHG WR

DGGUHVV WKHVH JDSV e 7KH 6LOLFD &RQWURO 7RRO
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7KH VLQJOH PRVW LPSRUWDQW JDS LGHQWRIUMGKRS SDUWLFLSDQWY LGHQWLILHG VK
ZRUNVKRS SDUWLFLSDQWV ZDV WKH ODFNPHGLKPHWWWR DQG ORQJ WHUP DFWLRQV |
FXUUHQW KLJK TXDOLW\ H[SRVXUH GDWD DGMLIVQHHS &DQBGEHDQ H[SRVXUH VXUYHLOOI
WR VHYHUDO IDFWRUV LQFOXGLQJ PLQLP DG VEIIRQY ARGONBW LIRGHQWLI\LQJ H[LVWLQ.
E\ SXEOLF LQVWLWXWLRQV IDLOXUH WR GHPSRWMYHH EAVWDR XROBW®IV LGHQWLI\LQJ !
DQG ODFN RI SXEOLF DFFHVV WR GDWD FROWHFORISLEI D VWDQGDUGL]HG GDWDEDVH
HPSOR\HUV FRQVXOWDQWYVY DQG UHVHDUNKBDWYQJIQQJIUHHPHQW DQG HQJDJLQJ ZLWHE
SDUWLFXODU GDWD FROOHFWHG IURP VPIYOWDRRRBDGHWYW DEGLXP WHUP DFWLRQV L
GDWD RQ HPHUJLQJ KD]JDUGV PXOWLSOH H[ERWUHVHRIRVXUH GDWD FUHDWLQJ FHQ
FRPSOH[ PL[WXUHV DQG PRVW QRQ FKHPLEB®RVLWRULHVY DQG GHYHORSLQJ D VWUD
H[SRVXUHV ZHUH LGHQWLILHG DV JDSV L QG WPHFRRDODHFIWQRBQREMHFWLYHYV /RQJ WH
LQFOXGH GHYHORSLQJ D QDWLRQDO RFFX¢
"RUNVKRS SDUWLFLSDQWY DOVR LGHQWLIIVMX®E DPHQODP® @FH SURJUDP VHFXULQJ VXVW
FRRUGLQDWLRQ DQG GDWD VKDULQJ ZLWKW® PQGQMWMIRY WKH SURJUDP DQG XVLQJ V
MXULVGLFWLRQV DV ZHOO DV LQFRQVLVWHQB RBIDW R FRCDMFVRICRDD GLVHDVH SUHYH
VWRUDJH DQG MRE FRGLQJ OHDGLQJ WR BHDBDURKHYV LQ
PHUJLQJ GDWD IURP GLIIHUHQW VRXUFHV

6.4/6$1" 5(6285&( 1((' 6
(17~ $77+(: 25.6+23

RUNVKRS SDUWLFLSDQWY GLVFXVVHG VHYHUDO VNLOOV DQG

UHVRXUFHV QHHGHG WR DGYDQFH H[SRVXUH VXUYHLOODQFH

LQ &4DQDGD 7KHVH LQFOXGH

e 6WDQGDUGY DQG WUDLQLQJ WR HQVXUH FRQVLVWHQW GDWD
FROOHFWLRQ VWRUDJH MRE FRGLQJ DQG VWDWLVWLFDO
DQDO\VLYV

e &HWUDOL]HG GDWD UHSRVLWRULHY DQG WRROV WR DOORZ
XVHUV WR TXHU\ WKH GDWD IRU SUHYHQWLRQ
FRPSHQVDWLRQ UHVHDUFK DQG SROLF\ SXUSRVHV

e 6XVWDLQHG ORQJ WHUP IXQGLQJ WR FUHDWH PDLQWDLQ
DQG XSGDWH QHZ H[SRVXUH GDWDEDVHV LQFOXGLQJ
FHQWUDOL]J]HG GDWD UHSRVLWRULHYV
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7KH $GYDQFLQJ :RUNSODFH ([SRVXUH 6X
&DQDGD ZRUNVKRS ZDV KHOG RQ ODUFK
7RURQWR 7KH ZRUNVKRS ZDV RUJDQL]HG
2FFXSDWLRQDO &DQFHU 5HVHDUFK &HQW,
IXQGLQJ IURP WKH 2QWDULR OLQLVWU\ R
-PPLJUDWLRQ 7UDLQLQJ DQG 6NLOOV 'H
0/-76"

2UJDQL]JLQJ D ZRUNVKRS RQ RFFXSDWLR(
VXUYHLOODQFH DW WKLV WLPH ZDV PRW
IDFWRUV ([SRVXUH VXUYHLOODQFH ZDV
ODUJHVW JDS WKDW QHHGHG WR EH ILOO
WKH 1DWLRQDO 2FFXSDWLRQDO 'LVHDVH
6XUYHLOODQFH ZRUNVKRS KHOG LQ 7RUR
-Q DGGLWLRQ WKH UHSRUW RQ 8VLQ
(YLGHQFH DQG 3ULQFLSOHV WR +HOS 'H
‘RUN 5HODWHGQHVV Rl &DQFHU PDGH VX
UHFRPPHQGDWLRQV RQ LQFUHDVLQJ DFF
H[SRVXUH GDWD WR LPSURYH FRPSHQVD
SUHYHQWLRQ 7KHUH LV DOVR DQ LQFUHDVH S

E\ RFFXSDWLRQDO KHDOWK DQG VDIHW\ UHJXODWRUYV
SDUWLFXODUO\ WKH 2QWDULR 0/-76' LQ &Y
QHFHVVDU\ WRROV DQG UHVRXUFHV WR |
HYLGHQFH LQIRUPHG DSSURDFK WR RFFX
GLVHDVH SUHYHQWLRQ

HUDO
DV WKH
SRUW RI




7KUHH & DVWAJ RUHV RI 3 ULHYHOWRQ

7KH JRDO RI SUHYHQWLRQ LV WR
UHGXFH ULVNV RU WKUHDWV WR

KHDOWK
J VA\VWHPDWLF

DWLRQ RI H[SRVXUH
DQ LQGLFDWLRQ WKDW
YH RFFXUUHG
WHUQV DQG
QWHUYHQWLRQ DQG
V LQWHUYHQWLRQV

UROHYV DFU.
HODWLYHO\
LOODQFH L%

3ULPDU\ BUHYHQWLRQ

ZRUNHU g.pv WR SUHYHQW GLVHDVH RU
OHFWV HPBRWMMXUHUH LW RFFXUV

WLRQDO( DPSQHV RI KRZ H[SRVXUH
UGV W QRGN Foo t xve
DQDGLDQ®@ 7R GHWHUPLQH ZKHWKHU
LHV LQFO:X@LL"@\W H[SRVXUH OHYHOV
V GHQWD HORZ RFFXSDWLRQDO
[SRVXUH OLPLWV 2(/V
LQ RSHUDWH REQWLI\ ZKLFK H[SRVXUH
ERXW RQHMLUFXPVWDQFHV HJ
UR[LPDWHG[\SRVHG JURXSV VKRXOG EH
SULRULWL]HG IRU SUHYHQWLRQ
FH 7KH 4 /Ruwv WR UHGXFH H[SRVXUH
V DQG WUHR GAEIRYW UHVHDUFK VWXGLHV

HHQ OLQNIQMWKWRFDXVHV RI GLVHDVH
VVH YV HITHFWLYHQHVV

QGHUVWbiéL@%@%ﬁWRQV WR UHGXFH

Q H[SRVXUHrvxUH

GRVH UHFRUGV IRU

FRPSHQVDWLRQ

J)LIXUH UHYHQWLRQ 6SHFWUXP

6HFRQGDU\ 3BUHYHQWLR

$LPV WR LGHQWLI\ GLVHDVHYV
HDUOLHVW SRVVLEOH VWDJHYV

([DPSOHV RI KRZ H[SRVXUH

VXUYHLOODQFH FDQ EH XVHG

e 7R LGHQWLI\ ZRUNHUV ZLW¥
KLIJK H[SRVXUH WR SULRULV
IRU VFUHHQLQJ

7THUWLDU\ BUHYHQWLF

$LPV WR UHGXFH WKH LPSDF
GLVHDVH RU LQMXU\ DIWHU
GLDJQRVLV

([DPSOHV RI KRZ H[SRVXUH

VXUYHLOODQFH FDQ EH XVH

e 7R SURYLGH UHFRUGV RI
H[SRVXUH WR DVVLVW LQ
ZRUNHUV FRPSHQVDWLRQ
FODLPV

e 7R IDFLOLWDWH LQYHVWL
RI SDVW H[SRVXUH LQ
ZRUNSODFHV ZLWK VXVSH
GLVHDVH FOXVWHUV


https://www.canada.ca/en/health-canada/services/health-risks-safety/radiation/national-dose-registry.html
https://www.canada.ca/en/health-canada/services/health-risks-safety/radiation/national-dose-registry.html
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7KH ZRUNVKRS EURXJKW WRJHWKHU 3BDWWEESBR@WVGLVFXVVHG WKH FK
WR H[FKDQJH LQIRUPDWLRQ RQ WKH FRYIRIQOWX QWD WHH RYKDW DURVH GXU
RFFXSDWLRQDO H[SRVXUH VXUYHLOO BSQHYHQWDWDRE®Y 'D\ WZR IRFXVHG
DQG WR LGHQWLI\ NH\ JDSV DQG SULRRILWLSHW SQLMRKHWLHY DQG UHFRPP
&DQDGLDQ FRQWH[W )LJIJXUH 7KH SIDUPW OFEMSIDVWMG/ E\ EUHDNRXW VHVVLE
LQFOXGHG UHVHDUFKHUV JRYHUQPHQ@WRXSGGQRBEXVVLRQV

JRYHUQPHQW UHSUHVHQWDWLYHV IURP DFURVV

&DQDGD LQFOXGLQJ $OEHUWD %ULWINKV&ROXPEWDEHILQV ZLWK VXPPDU
ODQLWRED 2QWDULR 4XHEHF DQG QBWHRRQ®WDMWICRQV IRFXVLQJ RQ WK
JHGHUDO RUJDQL]DWLRQV 6\WWHP SDRSSRUINXIQUIRPLHY DQG WKHPHV WKD
2QWDULR LQFOXGHG UHSUHVHQWDWLYWHM IWRPDNMKHW RXWOLQHV WKH PD
0/-76' WKH :RUNSODFH 6DIHW\ DQG - QWX WEKBFHRUNVKRS KLJKOLJKWV W
%RDUG 3XEOLF +HDOWK 2QWDULR 2FFXSOON RGIBIGHG DQG UHFRPPHQGYV
+HDOWK &OLQLFV IRU 2QWDULR :RUNHJURMRBWSYOPHHGHG WR DGGUHVV W
6DIHW\ DQG 3UHYHQWLRQ 6HUYLFHV 3XEOLF 6HUYLFHV

+HDOWK DQG 6DIHW\ $VVRFLDWLRQ _QM%{%}C\/@({W&W RI WKH ZRUNVKR

+HDOWK DQG 6DIHW\ $VVRFLDWLRQ W

5HVHDUFK ([SHUWLVH LQ 2FFXSDWLRQDO LY»UQMVVW"ILI FXUUHQW VWDW

- QVWLWXWH IRU :RUN DQG +HDOWK WKH &I—hQ;\{-ngngl\ﬁHRQDo H[SRVXUH VX

5HVHDUFK LQ 2FFXSDWLRQDO 6DIHW\ DQG +I'_'|(5)%W5Dw5"bQG LGHQWLI\ WK

2FFXSDWLRQDO +\JLHQH $VVRFLDWLRQ RI ZQWDQW JDSV

DQG XQLRQV 1$7-218%/ )('(5%/
-GHQWLI\ WKH VNLOOV DQG U

'D\ RQH RI WKH ZRUNVKRS EHJDQ ZLWK QHHGHG WR ILOO WKH JDSV

SUHVHQWDWLRQV VXPPDUL]JLQJ FXUUHQW &DQDGLDQ

RFFXSDWLRQDO H[SRVXUH VXUYHLOODQFH l‘lQ*‘Wéﬁgle\w'#\ﬁPPHQGDWLRQV

LQFOXGLQJ H[SRVXUH PHDVXUHPHQW GDWDB@VB&FH ZRUNSODFH H[SRVX

H[SRVHG ZRUNHU DSSURDFKHV DQG QRQ WYRGYWLB8BEFH LQ &DQDGD
VRXUFHV Rl GDWD IRU H[SRVXUH VXUYHLOODQFH

—17(51%$7-21%/



7T+(&217484* "' (9(/230(172) 2WKHU FKDOOHQJHV LQFOXGH HQVXUL

7+( &$1$" $1 : 25.3/$&( (; 32685( QDWLRQDOO\ UHSUHVHQWDWLYH DQG
' $73986( & (' GDWD WKDW ZDV IRU WKH PRVW SDUW

UHVHDUFK SXUSRVHV 'U 'DYLHV GLVF
+8*+ ' $946 3+' &+ QHHG IRU GHYHORSLQJ VWDQGDUGV W
81-9(567<2) %b-7-6+ &2/80 %$ GDWD FROOHFWLRQ DFURVV MXULVGLF

UHODWLRQVKLSV QHHGHG WR VHFXUH

RXUFHV RI GDWD DQG EXLOGLQJ XV&E

OLOHGY o Y SURVHQWHG RQ WHKH GHYH%%%ﬂUQ"B@&%QDO\VLV WRROV &ULWL
RVHV REWEBGLDQ :RUNSODFH ([SRVXUlr EyHDWH D VXVWDLODEOH DOQG VWE

XUH DWDEDVH &:@V ZHOO DV LWV OLPLWDWL R RAGYY REMHEWLYHY FDO EH DF
HV LQ &BRPEFP GLUHFWLRQV %DVHG DW WKH 8QLYHUVLW\ RI

%ULWLVK &ROXPELD &:(' LV D QDWLRQDO UHSRVLWRU\
LVGLFWLRR¥XSDWLRQDO H[SRVXUH GDWD -W EHJDQ DV SDUW

OLJKWR| WKH &$5(; &DQDGD SURMHFW DQG WR GDWH

HY DQBFOXGHV DSSUR[LPDWHO\ RFFXSDWLRQDO
G GXULRQERYXUH PHDVXUHPHQWY UHSUHVHQWLOJ
JUDSKLBMERWDQFHYV

DEOH LQ

$ PDMRU OLPLWDWLRQ RI &:('" LV LWV
QDWXUH ORVW RI WKH PHDVXUHPHQ

GDWDEDVH DUH IURP WKH V DQG

DFFHVVLQJ PRUH UHFHQW GDWD KDYV
FKDOOHQJLQJ 7KLV KDV UHVXOWH
UHJXODWRU\ SROLFLHV LQ WKH \Y

HOLPLQDWHG WKH FROOHFWLRQ RI HJ
JRYHUQPHQWDO DJHQFLHV H[FHSW L
H[SRVXUH GDWD LV VWLOO EHLQJ FR
DQG UHVHDUFKHUV WKHUH LV QR FH
FDSWXUH PHFKDQLVP $ PDMRU JRDO
PRYH IURP DQ DUFKLYDO VWDWXV WR
H[SRVXUH GDWDEDVH WKDW UHIOHFW
H[SRVXUHV DQG ZRXOG VXSSRUW RQJ
VXUYHLOODQFH DFWLYLWLHV 7KLV U
VXSSRUW DQG FRQWLQXDO LQSXW RI
GDWD WKURXJK LQQRYDWLYH GDWD F



https://cwed.spph.ubc.ca/

'U 6DUD]JLQ SUHVHQWHG RQ 4XHEHF V 'ADEFDWDWIRQYDOVR GLVFXVVHG WKH
-QIRUPDWLRQ ODQDJHPHQW 6\WWHP /EXWZHHQ ODERUDWRU\ GDWDEDVH
GDWDEDVH DQG WKH -5667 V ZRUN FRPBQWHQW XMOZLMRUPDWLRQ VXFK
WKH 8QLWHG 6WDWHV 86 2FFXSDWLREPSRERUHWD @@ DPSOLQJ SURWRFE
+HDOWK $GPLQLVWUDWLRQ V 26+$% —QGADHNDBOWHY +H KLJKOLJKWHG WKI
ODQDJHPHQW -QIRUPDWLRQ 6\WWHP - KDYH6tBWKIYHO RI H[SRVXUH F
GDWDEDVHV DUH UHSRVLWRULHV IRU @XWBHFRD O-HBWHGDDODERUDWRU\ G
SDUW Rl JRYHUQPHQWDO FRPSOLDQFHORRQNL@HR BRQWH[WXDO LQIRUPDWL
DFWLYLWLHV DQG WKH —0-6 LV D SRWKQM XDQWRKXUFH7RLY LV D FRPPRQ
DGGLWLRQDO LQIRUPDWLRQ WKDW FR»PXEK/ RS S\KHPEQMWL.ODEOH H[SRVXU
4XHEHF V RU RWKHU SURYLQFH V GDWDEDVHYV

)LQDOO\ 'U 6DUD]JLQ GLVFXVVHG I
-Q FRPSDULQJ /-06 DQG -0-6 'U 6DUDWIK®W DLPV WR LGHQWLI\ ZRUN VL
HPSKDVL]HG WKH QHHG WR FULWLFDOQQDPSSUMLYBHGBMRVYXUHY DQG ZK
IURP RWKHU MXULVGLFWLRQV EHIRUH HDSRNXWUMVRIQW XWHWQ WW®RH DVVRFLD
DQ\ SURMHFW RU GDWDEDVH VXFK DV PXPXODWADYEALQIN 7KLV SURMHF
KRZ DQG ZK\ LW ZDV RULJLQDOO\ FROM®WFIMHIBO DV RWKHU H[SRVXUH GD
&RPELQLQJ GDWD FDQ DOVR EH WHFKQWUADOMWLRQV ZKHUH FR H[SRVXUH
FKDOOHQJLQJ DQG PD\ UHTXLUH VLJQLILFP@W KH. FRQWH[W RI WKLV ZRU
DQG HIIRUW VXFK DV GHYHORSLQJ FURPSEDUNMG WKH QHHG IRU FUHD
EHWZHHQ GLIIHUHQW RFFXSDWLRQ DQBLVXB®XVLWUNLRQ DQG FRPPXQLFDW,
FRGLQJ V\VWHPYV VKDUH WKH UHVXOWV Rl WKLV SUR



7$5* (7(' 6$03/1* &$03$*162) VXSSRUW IRU GDWD FROOHFWLRQ 0U %RLOHDX

4%+ 56 : 25 3/$&(6 GLVFXVVHG WKH LPSRUWDQFH RI EHLQJ DEOH WR
VKRZ WKH YDOXH Rl GDWD FROOHFWLRQ VXFK DV

05 0-&+$(/ %2+(38 SRWHQWLDO FRVW VDYLQJV DQG WKH YDOXH Rl GDWD

6$)(: 25. 0$1-72%p GULYHQ VROXWLRQV 6KDULQJ GDWD EDFN LQ D

WLPHO\ DFFHVVLEOH IRUPDW LV FULWLFDO DQG

6:0% ZRUNV ZLWK .QRZOHGJH 7TUDQVODWLRQ
OU %YRLOHDX WDONHG DERXW WKH UHF%%H IVQ((E‘:MWyH\%R FUHDWH DFFHVV (B PD_W:IULDOV Wik
Rl 6DIH :RUN 0DQLWREMBFXSBW®%RQD O VKDUH ZLWK SDUWQHUV 7KH VXFFHVV RI 6:0% V
'LVHDVH DQG -OOQHVV 3UHYHQWLRQ 6\ﬁB¥v\HHFJ|$OOHFWLRQ SURJUDP RIIHUV D URDGPDS IRU
6:0% SDUWQHUV ZLWK LQGXVWU\ SK\VLR:VMBQ/V/ JURXSVY ORRNLQJ WR DFFHVV RU FROOHFW QHZ
UHJXODWRUV DQG VSHFLDO LQWHUHVVV[JSLPR)Z(SLWV\?IPWD

GHYHORS DQG HQDFW WKH VWUDWHJ\ DQG PHHW LWV
JRDOV RI LPSURYLQJ ZRUNSODFH VDIHW\ HQKDQFLQJ
VDIHW\ FXOWXUH DQG UHGXFLQJ RF]
GLVHDVH

$ PDMRU IDFHW RI WKH VWUDWHJ\ L
QHZ H[SRVXUH GDWD WR ILOO JDSV
0U %RLOHDX GLVFXVVHG 6:0% V XVH
UHDGLQJ LQVWUXPHQWYV DV D ILQDQ
ORJLVWLFDOO\ PDQDJHDEOH VROXW
FHUWDLQ H[SRVXUHV FRPSDUHG WR
WLPH LQYROYHG ZLWK ODERUDWRU\
KLIKOLJKWHG WKH QHHG IRU QHZ HT
PHWKRGRORJLHV IRU PRQLWRULQJ H
DUH TXLFN FRVW HIIHFWLYH DQG FI
ZLGH UDQJH RI H[SRVXUHV 0DQ\ RI
UHJXODWRU\ RUJDQL]DWLRQV DFURV
ORQJHU FROOHFW H[SRVXUH GDWD
SUHVHQWDWLRQ KLJKOLJKWHG WKH
HIIRUWV LQ WKLV DUHD DV ZHOO DV
LQFUHDVH WKH IHDVLELOLW\ RI GDW

2QH RI WKH NH\ FRPSRQHQWYV Rl 6:00
LV HQJDJHPHQW ZLWK ZRUNSODFH SI
LQFOXGLQJ LQGXVWU\ DQG XQLRQV


https://www.safemanitoba.com/Resources/Pages/Occupational-Disease-and-Illness-Prevention-Strategy.aspx

'U /IDYRX« VKDUHG GHWDLOV RI H[SRWMVPHUJLQJ GLIITHUHQW RFFXSDWLF
GDWDEDVHV IURP RWKHU FRXQWULHVFRQGEQXLAQWHPV YLD SRVW KRF FU

JUDQFH &2/&+-& DQG 6&2/$ *HUBPPIQOLWDWH PHUJHUV 'U /DYRX«
0(*$ .RUHD :(0' DQG -WD®HQWLI\LQJ WKH EHVW FRGLQJ V\
6-5(3 -~Q GLVFXVVLQJ WKHVH GDWDEDWHVH SODQQLQJ VWDJIH RI (

'U /IDYRX« HPSKDVL]HG WKDW GDWD R@ Hy8RVXRI®J WHUP KDUPRQL]LQJ
OHYHO DORQH LV QRW HQRXJK FRQWMMWDXDEDUGL]LQJ WKH FRGLQJ V\V
LQIRUPDWLRQ LV DOVR FULWLFDO +H&DIQJEGDJIKWHI WEW GDWDEDVHV Pl
LPSRUWDQFH Rl GDWD RQ H[SRVXUH SGJIREDEHQWWIDPSOLQJ PHWKRGV R
ZKLFK LV UDUH LQ H[SRVXUH GDWDEDUBVJHRAMDWLDWLRQV LQ WKH PHDV
H[SRVXUH GDWD FDQQRW EH XVHG WRGDWMHDYDLODEOH 7KHVH FKDOOH (
H[SRVXUH SUREDELOLW\ DV VDPSOHV PRRELIBQE U BOWD IURP GLIIHUHQW
RQO\ WDNHQ ZKHQ WKHUH LV D ULVN RONFSBYKUBMWHDW MXULVGLFWLRQV
WKRVH SUHVHQWHG RQO\ 6-5(3 DOORZN\HVIWD @ MBISYRDFKHY PD\ SURYL
ERWK SUHYDOHQFH DQG OHYHO RI H[FRPEWLIY MR BHUJIJHU LQWHUQDWLRQ
FDOFXODWHG VPDOO DPRXQWV RI SURYLQFLDO G

'U /IDYRX« H[SORUHG KRZ FRPELQLQJ GCDWWDHIDMRPQJ QHZ GDWDEDVHV KH
VHYHUDO GDWDEDVHV RU FRPELQLQIWKBWVXKHHXLULQJ WRR PXFK FRQW
GDWDEDVHV ZLWK MRE H[SRVXUH PDWWLMHKWH PMLQ GDWDEDVH FDQ OHDC
VXFK&M-(0 PLIKW DOORZ XV WR RYHUHQRWHLHY DQG ORZ VXFFHVV +H VX
WKH OLPLWDWLRQV RI HDFK WR REWDWBHERYMWHILLOH VLPSOH EXW DOOR
H[SRVXUH VXUYHLOODQFH WRROV +RYAVRAQHWKBUM DIUMHHG K\JLHQH UHS
VHYHUDO FKDOOHQJHV WR PHUJLQJ GDWWEKIHVHB8DWDFRDQ EH H[WUDFWH


http://www.canjem.ca/

7+(&217-48-1* ' (9(/230(172) &5(; &$13$' $

' 5 &+(5</ 3(7(56
&$5(; &$1$' $ R &(175()25"' H($6( &21752/ $1' %k &$1&(5

7KH PDLQ REMHF&WS5YH&OQUSMRMHFW 'U 3HWHUV GLVFXVVHG VHYHUDO F}
LV WR LGHQWLI\ ZKLFK FDUFLQRJHQV SIADRADIGAW QY BXHUHQWO\ IDFLQJ )L
H[SRVHG WR DW ZRUN WKH SURSRUWERQRG X RRGHOVLY EDVHG RQ GDWD
H[SRVHG DQG WKHLU OHYHOV RI H[SFARPEHL QHG ZWWKK W [SHUW DVVHVVPH!
EHHQ XVHG WR LGHQWLI\ JURXSV DW WIKWNH{BRYXKH GDWD LV ROGHU DQC
H[SRVXUH VHW SULRULWLHV IRU SUHFKQWH®W H{SRBXBWY 0DQ\ HPHUJL
IXWXUH FDVHV Rl GLVHDVH LGHQWLI\PIDSO/DEQ GEHWOXUHPHQW GDWD DOW
DQG WR VHW UHVHDUFK SULRULWLHV POSR@®W.RQ YR &R (/ WR FRPSDUH V
SURMHFW LQFOXGHV SODQV WR LQFRWUSRUDWRHDHY SRVXWH &$5(; &DQDGD E
WR RWKHU W\SHV RI KD]JDUGV L H VSEOWR NQFHRMMEW LQ DQG LV FXU
UHFRJQL]HG FODVVLILHG DV FDUFLQRWHQRXJK 'U 3HWHUV HPSKDVL]I
FKDOOHQJH RI VHFXULQJ ORQJ WHU
'KLOH &$5(; &DQDGD KDV DQG FRQWL@PDHWWRLQ DQG XSGDWH RQJRLQJ S
SURYLGH YDOXDEOH LQVLJKWV ZLWK DMWBKIFW WR
RFFXSDWLRQDO H[SRVXUH WR FDUFLQRJHQV LQ &DQDGD




7+( $69%6726: 25. (55(*-675< (ISRVXUH UHJLVWULHYV PD\ QRW DFKLHYH WKHLU JRDOYV

23325781-7(6)25-03529(" LI WKH\ DUH QRW VHW XS ZHOO ([SRVXUH UHJLVWULHV
(132685( 6859(4/$18&( 4 217$5-2 VKRXOG LGHDOO\ LQFOXGH DOO H[SRVHG LQGLYLGXDOV

ZLWKLQ WKH VSHFLILHG SRSXODWLRQ IRU WKLV UHDVRQ
"5 9-&725-% $5581" $/( PDQGDWRU\ UHJLVWULHY DUH RIWHQ VWURQJHU WKDQ
81-9(567<2) 7252172 YROXQWDU\ UHJLVWULHV :KLOH WKH $:5 LV D

PDQGDWRU\ UHJLVWU\ WKH FRPSOHWHQHVV RI WKH
UHSRUWLQJ LV XQNQRZQ (VWDEOLVKLQJ VIVWHPV WR
FKHEN IRU HPSOR\HU FRPSOLDQFH FRXOG LPSURYH
, LWV FRPSOHWHQHVV ([SRVXUH UHJLVWULHV FDQ DOVR
U SUUDQGDOH VKDUHG2RMDURRN XVLQYpy\ | g WKHLU OHYHO RI GHWDLO 7KH $:5 ODFNV
$VEHVWRV :RUNHUV 5HIRWUWUL $:5 LQIRUPDWLRQ RQ OHYHO RI H[SRVXUH RQO\ KRXUV RI

VXUYHLOODQFH UHVHDUFK TKH $:5 LYpoD®Q pUH UHSRUWHG SUHYDOHQFH RI H[SRVXUH DQG

PR
H[SRVXUH UHJLVWU\ WKDW WUDFNYV DVE'ﬁ‘F("Y—l’TK RURFNY VR RWKHU RFEXSDWLRQDO KD]DUGYV
ZRUNHUV LQ 2QWDULR (PSOR\HUV DUH léz DERUBG MR FRQWULEXWH WR GLVHDVH ZKLFK OLPLWV

H
k
UHJLVWHU DQ\ ZRUNHU GRLQJ 7\SH —- DQ&RY\/\SE 71 SRVXUH VXUYHLOODQFH
ZRUN ZLWK DVEHVWRV FRQWDLQLQJ PDWHULDOV LQWR "WKH

$:5 DQG UHSRUW WKHLU UHOHYDQW ZRUN KRXUYV

'U $UUDQGDOH HPSKDVL]HG WKDW VXUYHLOODQFH LV

QRW VLPSO\ WKH H[LVWHQFH RI GDWD LW LPSOLHV

DFWLRQ 2QH RI WKH PDLQ VWUHQJWKYV RI H[SRVXUH

UHJLVWULHY OLHV LQ WKH RSSRUWXQLW\ WR LQWHUYHQH

EHIRUH WKH RQVHW RI GLVHDVH 7KH $:5 VXSSRUWV(<7 - ($: $<6

VFUHHQLQJ DQG HDUO\ GHWHFWLRQ E\ SURPSWLQJ

KLJK ULVN ZRUNHUV WR YLVLW WKHLU KHDOWKFMOO GHVLIJQHG H[SRVXUH UHJLVWULHYV
SURYLGHU DIWHU KRXUV RI UHSRUWHG ZRUNFDQ SURYLGH DQ RSSRUWXQLW\ WR
+RZHYHU DQDO\WVHV RI WKH $:5 VKRZ WKDW LOQWHUYHQH EHIRUH WKH RQVHW RI
ZRUNHUV PD\ EH DW VLJQLILFDQWO\ LQFUHDVHGGUV¥Y®WH RU SULPDU\ SUHYHQWLRQ
GLVHDVH ZHOO EHIRUH UHDFKLQJ WKLV OHYHO $GMXVWLQJ

WKH QRWLILFDWLRQ OHYHO DQG SURYLGLQJ PRYHBRVXUH UHIJLVWULHY FDQ DOVR KHOS
UHOHYDQW LQIRUPDWLRQ WR ZRUNHUV FRXOG K¥WOSSRUW ZRUNHUV FRPSHQVDWLRQ
LPSURYH WKH RSSRUWXQLWLHV IRU LQWHUYHQWIORQ PV E\ SURYLGLQJ D UHFRUG RI
([SRVXUH UHJLVWULHY OLNH WKH $:5 FDQ DOVR K$®¥ XUH

VXSSRUW ZRUNHUV FRPSHQVDWLRQ FODLPV E\

SURYLGLQJ D UHFRUG RI H[SRVXUH -1 OLQNHG WRRVXUH UHJLVWULHV WKDW KDYH FOHDU
ZRUNSODFH LQYHVWLIJDWLRQV RU HQIRUFHPHQWRDOV FDUHIXO GHVLJQ DQG
H[SRVXUH UHJLVWULHYVY VXFK DV WKH $:5 FDQ DOA/HRGEEDWHG UHVRXUFHYVY DUH PRUH

D WRRO IRU SULPDU\ SUHYHQWLRQ OLNHO\ WR EH VXEFEEHVVIXO



86-1* 7+( 1$721%/ 32//87%$17
5(/($6( 49(1725<%$1" 27+(5
(195210 (17$/ 5(325741*
352*5%$06)25: 25.3/$&( (; 32685(
6859(~4/$1 &(

' 5 &$7+(5-1( 6/$9~
81-9(567<2) 25(*21

'U 6ODYLN H[SORUHG WKH LQWHUIDFH7EHWIHEB Rl GDWD FDQ VXSSRUW VXUYHLOODQFH RI
HQYLURQPHQW DQG RFFXSDWLRQ LQ GOINVUHBLODWX®RMHG FKHPLFDOV ZKRVH KHDOWK HIITHFWV
HQYLURQPHQWDO PRQLWRULQJ GDWD PDQ GRIWXWHG ERUNQRZQ -W FDQ DOVR EH XVHG WR
RFFXSDWLRQDO H[SRVXUH VXUYHLOODIQFHQINUSBYHRULWLHV IRU ULVN PDQDJIHPHQW (<7$. ($: $<6
~QIRUPDWLRQ RQ XVH DQG HPLVVLRQVRDKRUMHYVGEXQG VWXG\ WUHQGV LQ WKH XVH RI
VXEVWDQFHV IURP LQGXVWULDO IDFLOKLMWDMG RXWHOXEVWDQFHYV RU WKH QXPEHUV RI
FRPELQHG ZLWK LQIRUPDWLRQ DERXWZ2RKMHDNLORSQRWG LQ PDMRU LQGXVWULDO IDFLOLWLHYV
DFWLYLWLHV DQG ZRUNIRUFH FDQ EHHRZHY BY DMKHUH DUH OLPLWDWLRQV WR X¥LQWWHKURRVMHSH LURQPHQWI
LQGLFDWRU Rl SRWHQWLDO RFFXSDW LRIQBIDWH SRRF/ XIWMM.PDWH RFFXSDWLRQDO H[SRMXIRUWLQJ SURJUDPV FD(
7KH W\SH RI GDWD FROOHFWHG LQ DQ HQYMWIRQPEQWDWULDO XVH RU UHOHDVH RI (SUREVBHW QOKBLFDWRUV RI
PRQLWRULQJ GDWDEDVH DOORZV LQYHWWRQDWDRQLRGDFDWRU RI SRWHQWLDO H[SRRKRMSDWHRGDO H[SRVXUH
JLYHQ VXEVWDQFH E\ LQGXVWU\ VHFWRWY QRYEDWD RQ WKH OHQJWK RU LQWHQVLW\LRIGXVWULDO IDFLOLWLHYV
JHRJUDSKLFDO UHJLRQ DQG RYHU WLPHI[SFRWXHMDRABOHVH RI H[SRVXUH RU GHWHUPLQDQWYV
WKIHDWLRQDO 3ROOXWDQW 5HONDVH - @®YHQSRRMKUH $OVR GDWD LV VHOI UHSRUWHBKBIQEDQ ILOO GDWD JDSV
WUDFNHG LQGXVWULDO DFWLYLWLHV IRUSPRDGIOWKBPIGRUWHG DV UDQJHV ZKLFK FDRLOMIRG MFDO DQG FXUUHQ
VXEVWDQFHV RYHU D ZLGH UDQJH RI LIQGXAAXWIDHY HY /DVWO\ JHQHUDOO\ RQO\ ODWJEXVWULDO FKHPLFDO DI
&DQDGD VLQFH ZKLOH 2QWDULRD¥LSURVIUW UHSRUW ZKLOH VPDOOHU IDFLOLWLHV DUH
XQGHU7WKHV 5HG X FWILRROW BFW H G H[HPSW
LQIRUPDWLRQ RQ LQGXVWULDO XVH RI FKHPLFDOV IURP

WR



3238/3$721 /(9(/ "' $7$6285&(672 '"HVSLWH WKHVH FKDOOHQJHV WKH!I

81' (567$1" (;32685(6-1 217$5-2 RSSRUWXQLWLHV WR XVH DGPLQLVYV

GDWD IRU RFFXSDWLRQDO SXUSRVH
"5 (/$413%0&27<5( $1° H[DPSOH RFFXUUHQFHV RI SRLVRQI
"5 *$57+- $ 159858181 RYHUH[SRVXUHV FRXOG EH YLHZHG
38U & +($/7+ 217%5-2 HYHQWY ZKLFK LQGLFDWH SRWHQW

FRQWURO H[SRVXUHV DQG WULJJHU

YHVWLIJDWLRQV 7KLV KDV EHHQ

'U ODF-QW\UH DQG 'U 1DYDUDQMDQ GH FH\ITEUI—GWLRQV VXEK DV WKH 86 1
GLITHUHQW GDWD VRXUFHV XVHG WR XQ ng\ﬁﬁ IRU 2FFXSDWLRQDO 6D

HQYLURQPHQWDO H[SRVXUHV LQ ZQWD %QE%XL% (YHQW IRWLILEDWL

WKHLU DSSOLFDWLRQ WR PRQLWRULQJ R/F |_Yr§ 6_% SDWLRQDO 5LVN 6

H[SRVXUHV 7KH\ JDYH DQ RYHUYLHZ RéL}/FBfU-bB Wﬁg KDV DOVR EHHQ OLQ
SURMHFWYV 3XEOLF +HDOWK 2QWDULR I§B¥&F\BP2%9§¥VMLRQDO "LVHDVH 6XL
LOQFOXGLQJ PDSSLQJ FKHPLFDO FRQFHQ\W\%'Q' LVB HOW L J D WRIQ J

XQWUHDWHG ZDWHU ERGLHV WUDF \Hdl)/ﬁ?ofl\?(@ IBURWKHU RSSRUWXQ
UHSRUWHG H[SRVXUH WR KHDY\ PHWD% HS|I::||¥I\_Nd_f|L IgHVWLJDWHG

DQG FDUERQ PRQR[LGH XVLQJ GDWD IURP WKH
2QWDULR 3RLVRQ GHQWUIHDWLQJ SRWHQWLDO
FDUERQ PRQR[LGH H[SRVXUHV XVLQJ GDWD IURP WKH
2QWDULR 7HFKQLFDO 6WDQGDUGYV DQG 6DIHW\
$XWKRUDWG H[DPLQLQJ OHDG H[SRVXUH LQ WKH
2QWDULR SRSXODWLRQ XVLQJ DQ DGPLQLVWUDWLYH
GDWDEDVAQWDKH R /DERUDWRULHV
-QIRUPDWLRQ 6\WWHP 2/-6
(<T7$.($: $<6
7KHUH DUH VHYHUDO FKDOOHQJHV LQ XVLQJ
DGPLQLVWUDWLYH GDWDEDVHV OLNH 2/-6 JRY4yHUDO SRVVLEOH H[SRVXU|
RFFXSDWLRQDO SXUSRVHV )RU H[DPSOH 2/1f LMD | QFOXGLQJ DGPLQLVW
SRSXODWLRQ EDVHG GDWDEDVH WKDW LQFOXGH%MHMW DoG VHOI UHSRU

UHVXOWYV IRU LQGLYLGXDOV LQ WKH JHQHUDORSREHRAMWLR RDW KDYH XWL.
ZKR ZHUH WHVWHG IRU D FOLQLFDO UHDVRQL{WLPDWLOJ SRSXODWLRQ O

VXVSHFWHG OHDG H[SRVXUH DQG LV QRW GHVLJQHG WR

VSHFLILFDOO\ FDSWXUH RFFXSDWLRQDO HISBNXYHMWLRQ EDVHG GDWDED
WKRXJK VRPH PD\ EH LQFOXGHG 2FFXSDWLRE,DRG(WLOLW\ LO LGHQWLI\L <
LQGXVWU\ LQIRUPDWLRQ LV DOVR QRW DYDLOBRYN PYVSBYWEK FRXOG UH:

RI 2/-6 RU DGPLQLVWUDWLYH KHDOWK GDWRRERYHY WRRQDO H[SRVXUHV
JHQHUDO



3$7&+ 7(67-1* 72 % 77(5
81' (567$1' +$=$5' 286" (50 $/
(;32685(6

'5 /11 +2/1(66
81-7<+($/7+ 81-9(567<2) 7252172

'U +ROQHVV UHYLHZHG WKH ZRUN EHERDWBR@HVWLQJ GDWD EHLQJ XVHG WR VXFFHVVIXOO\
E\ WEFAFXSDWLRQDO OHGIDPK BMV&OLQLEULYH SUHYHQWLRQ 'HUPDWRORJLVWY DGYRFDWHG
OLFKDHO V +RVSLWDO WR XVH SDWFKWWANRQUQJI BRIDWWKH EDQ DQG KDYH VHHQ D (<73 (3 $<6
WR XQGHUVWDQG GHUPDO H[SRVXUHWHVXOWILWQJ GHFUHDVH LQ FKURPLXP UHODWHG
ZHOO DV LOQOWHUQDWLRQDO HIIRUWYV FRQWBBPBWFXKHUPDWLWLY LQ WKHLU SDWFK WHVWLQJ GDWD
WHVWLQJ LV DQ LPSRUWDQW WRRO LQ GLDJQRVLQJ e 3DWFK WHVWLQJ LV FULW
RFFXSDWLRQDO DOOHUJLF FRQWDFW TGHUEWWAMKWHO V FOLQLF DOVR FROOHFwWY GLDJQRVLV RI RFFXSDWL
&RPPRQ RFFXSDWLRQDO DOOHUJHQV LQFROMP®EMWLRQ RQ GHWHUPLQDQWYV RI H[SRVXUWHPHHWUILF FRQWDFW GHU
PHWDOV UXEEHUV SUHVHUYDWLYHYV DIRWNURIVWEWHLU SDWFK WHVW GDWDEDVH 7KLV FDQ

KHOS LGHQWLI\ RWKHU DUHDV IRU LOWHUYHQHLWBK WidVWLQJ UHVXOW
3DWFK WHVWLQJ FDQ EH DQ LPSRUWDHJWPWRROWRHLU VWXGLHV KDYH IRXQG WKDWLBHRWYI\ QHZ RFFXSDWL
H[SRVXUH VXUYHLOODQFH $ SRVLWLYRWNSWOMFH XQLRQL]DWLRQ DQG WUDLQLQJ P®®HHBHQV RU FKDQJIHYV
LQGLFDWHY H[SRVXUH WR D VSHFLILFLP®DHW HSRMXUH WR GHUPDO DOOHUJHQV D&IEGSRVXUH VHWWLQJV IRU
JURXS RI DOOHUJHQV 2IWHQ WKH URDXUWHWDQWY 7KLV W\SH Rl GDWDEDVH FDQ DORROEHHWIHQV DQG VKRZ W|
H[SRVXUH LV REYLRXV IURP WKH SDWX¥XHGBHWR/ LQY HVWLIDWH WUHQGY RYHU WLPH RYRBBYOLPH
UHVXOW ZKLFK FDQ LQGLFDWH VSHFPIRG\ VNLQ VHQVLWL]JHUV DUH DOVR OXQJ
RSSRUWXQLWLHV IRU SUHYHQWLRQ 'VH@RDWHNMWY VR DFWLRQV WDNHQ WR UHGXFH
KLIJKOLJKWHG WKH (XURSHDQ 8QLRQ GHWRDRMH[SRVXUH PD\ DOVR UHVXOW LQ UHGXFHG
FKURPLXP 9- LQ FHPHQW DV DQ H[DPX@®H RHQVLWLYLWLHYV



%52%' (14* 7+(6&23(2) : 25.3/$&( MXULVGLFWLRQV PD\ EH EDVHG RQ RFI

6859(//$1 &( 72 36<&+2 6288/ $1° ODFN VLPLODULW\ WR &DQDGLDQ RFFX
3+<6.8%/ (: 32685(6$7: 25 XVH GLIIHUHQW RFFXSDWLRQDO FRGLC

%XLOGLQJ D -(0 UHTXLUHV SULPDU\ GEC

"5 3(7(560 7+ H[SRVXUH RU H[SHUWV WR GHULYH H[

467787()25: 25. $1' +($/7+ RFFXSDWLRQDO FDWHJRULHV -(0V PD\
Rl GDWH LI H[SRVXUHV ZLWKLQ RFFXSI
RYHU WLPH 7KH\ DOVR ODFN LQIRUPD

'U 6PLWK VSRNH DERXW WKH LPSRUWDQFH BORWHFWLRQV DFURVV RFFXSDWLRQV

FKDOOHQJHV RI LQFOXGLQJ QRQ FKHPLFDO @EHYRNKXRILADOQWYV RI H[SRVXUH

VXFK DV HUJRQRPLF SK\WLFDO DQG SV\FKRVRFLDO

KD]DUGV LQ VXUYHLOODQFH V\VWHPV +D]DVIGQDWVORK ‘B 6PLWK KLIKOLJKWHG WKH

SV\FKRVRFLDO DQG HUJRQRPLF H[SRVXUHV GHRRRYMWUDWHG WKUHVKROG YDOXHYV

GLIITHUHQW DSSURDFKHV WR PHDVXUHPHQW SREEBYRELWR H[SRVXUHV DQG GHVFL

FKHPLFDO RU HQYLURQPHQWDO H[SRVXUHV UHBAHHWHR WY D FKDOOHQJH IRU GHILQ

LVVXHV VXFK DV PHQWDO KHDOWK DUH PDMRBIPKEBEMEIHHWHOV RI H[SRVXUH 2(/V

DQG FRPSUHKHQVLYH VXUYHLOODQFH RI DOBHEVSHN R |

ZRUNSODFH KD]DUGV LV QHHGHG WR EHWWHU XQGHUVWDQG

KRZ ZRUN HQYLURQPHQWY DUH UHODWHG WR WKHVH

RXWFRPHV DQG WR PRQLWRU WUHQGYV

'U 6PLWK RXWOLQHG WKUHH DSSURDFKHY WR DVVHVVLQJ
SK\WLFDO HUJRQRPLF DQG SV\FKRVRFLDO H[SRVXUHV DW

ZRUN 2EVHUYDWLRQDO VWXGLHY DUH REMHFWLYH EXW RIWHQ

ODFN JHQHUDOL]DELOLW\ DQG KDYH KLJK FRVW B6XUYH\V FDQ

FDSWXUH GHWDLOHG LQIRUPDWLRQ DQG FKDQJHV RYHU . (<7$.($: $<6

WLPH EXW DUH VXEMHFWLYH FDQ KDYH KLJK FRVWV LI GRQH

RQ D ODUJH VFDOH DQG PD\ QRW EH UHSUHVHQWDWLYH RI

WKH WDUJHW SRSXODWLRQ )LQDOO\ -(0 DSSURDPKAYV'\DHRVRFLDO DQG HUJRQRPL]
REMHFWLYH SRWHQWLDOO\ PRUH UHSUHVHQWDWLYHRISRYZUHV FDQ EH GLIILFXOW
JHQHUDOO\ KDYH D ORZHU FRVW :KLOH -(0V SURYL®R®P DVVHVV DW D SRSXODWLR
IHDVLEOH DQG WLPHO\ DSSURDFK WR DVVHVVLQJ

RFFXSDWLRQDO SV\FKRVRFLDO DQG HUJRQRPLF Kb]pHEPEVHQFH RI GHPRQVWUDW
ZKHQ RWKHU GDWD LV QRW DYDLODEOH WKH\ PD\ Q¥®WUHVKROG YDOXHV SDUWLF;

FDSWXUH FKDQJHV RYHU WLPH RU YDULDELOLW\ ZLWNKLRKRVRFLDO H[SRVXUHV UH
RFFXSDWLRQV FKDOOHQJH IRU GHILQLQJ WKF

Rl WKH ODERXU PDUNHW DERY

7KHUH DUH VHYHUDO FKDOOHQJHV ZLWK XVLQJ D -(¢/ SHFLILF 2(/V
DSSURDFK WR DVVHVV H[SRVXUH -(0V IURP RWKHU
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7TKBLOLFD &RQWURQV PROR@GATLQH WRROURARUPDQ 1J XQGHUOLQHG WKH FKDOOHQJH RI
SUHGLFWLQJ D ZRUNHU V H[SRVXUH WROGOWDFDYDKIOWHELOLW\ LQ H[SDQGLQJ WRROV OLNH WKH
SHUIRUPLQJ WDVNV FRPPRQ LQ WKH FRQ&W DMWHEBQ DV GHYHORSLQJ QHZ WRROV :KLOH
LQGXVWU\ (PSOR\HUV FDQ XVH WKHWKRIRERYRWUXFWLRQ LQGXVWU\ LV SUHGRPLQDQWO\
HVWLPDWH H[SRVXUH IRU D ZRUNHU JLWPQ WX HF RYP S\COMNHW WKDW PD\ QRW KDYH PXFK

ZRUN HQYLURQPHQW DQG WKH FRQW U RGDWIDQ DSY@oHD EXKHH PDQ\ WKDW GR KDYH GDWD DUH
PRGHO JHQHUDWHY D ZULWWHQ SODQ WKDMWWDQWEMW RWHK®UH GXH WR FRQFHUQ WKDW GDWD
IRU ULVN DVVHVVPHQW :KLOH GHYHOR&FRG ORIE WLKRH %°H\ LOWHUIHUH ZLWK ZRUN RU
FRQVWUXFWLRQ LQGXVWU\ WKH 6&7 LVUHHUFRGDISRAMGLIRWKHLU OHYHOV DUH KLJK 6KH
RWKHU MXULVGLFWLRQV LQFOXGLQJ $KEHKWIDIOWBCR2YWBUIPRSRUWDQFH RI HQJDJLQJ

DQG RWKHU LQGXVWULHV VXFK DV RSHIQSXWWUQBQUWQHUY DQG VKRZLQJ WKH YDOXH RI
7TKHUH LV DOVR RQJRLQJ ZRUN WR GHY MRS WORWRICP LIRWUERWK DFFHVV WR GDWD DQG XSWDNH
WRRO WR SUHGLFW H[SRVXUH WR ZHOGRQWKAHP MRRIQQBDMWWQHULQJ ZLWK RWKHU

D %D\HVLDQ SOXJ LQ LV FXUUHQWO\ LQRAHDKQRBWHRAW ZKWK VWURQJ ZRUNSODFH WLHV FDQ
SOXJ LQ ZLOO DOORZ XVHUV WR DGG L@OUKR LY RZRYE DIV WIRFLSDWLRQ

FUHDWH D PRUH SHUVRQDOL]HG H[SRVXUH HVWLPDWH

L(<7$.($: $<6
e 7TKURXJK XVLQJ WKH 6&7 HPSOR\HUV FDQ VHH WKH YDOXH LQ FROOHFWLQJ DQG
VKDULQJ H[SRVXUH GDWD

e 'DWD PRELOL]DWLRQ WRROV OLNH WKH 6&7 FDQ SURYLGH GDWD GULYHQ JXLGDQFH
WR HPSOR\HUV ZKR FDQ W HDVLO\ DFFHVV K\JLHQLVWYV



7+(0(6)520 7+( 35(6(17$7,216

& $FFHVVLELOLW\ DQG GLJLWL]DWLR
6HYHUDO WKHPHV DURVH GXULQJ WKH SUHVHQWDWLRQV RQ FXUUH@V H[SRVXUH GDWD
RFFXSDWLRQDO H[SRVXUH VXUYHLOODQFH LQLWLDWLYHY 6HYHUDO SUHVHQWHUYV
FRPPHQWHG RQ WKH FKDOOHQJHV LQ DFFHVVLQJ DQG GLJLWL]LQJ FXUUHQW
H[SRVXUH GDWD DV ZHOO DV WKH GLIILFXOWLHY LQYROYHG LQ FRPELQLQJ GDWD
IURP GLITHUHQW VRXUFHV $ NH\ FKDOOHQJH QRWHG LQ VHYHUDO 66) 1HHG IRU UHVRXUEHY WR FROOHEW
SUHVHQWDWLRQV ZDV WKH QHHG IRU UHVRXUFHV WR PDLQWDLQ GD®&D TXXDONWDQG XSGDWH GDWDEDVHYV
FROOHFW QHZ GDWD DQG XSGDWH GDWDEDVHVY RYHU WLPH 7KH LPSRUWDQFH
Rl VWDNHKROGHU HQJDJHPHQW LQ FROOHFWLQJ DQG DFFHVVLQJ QHZ GDWD
ZDV DOVR D VWURQJ WKHPH

BUHVHQWHUYV DOVR KLJKOLJKWHG WKH LPSRUWDQFH RI FULWLFDO YDOWHBWHHROGHU HQIJDIJHPHQW LQ FR
H[SRVXUH GDWD DQG WKH FRQWH[W LQ ZKLFK LW LV FROOHFWHG WR HQVR®R PRFHVVLQJ QHZ GDWD
SUHVHQWY DQ DFFXUDWH FRPSOHWH SLFWXUH RI ZRUNHUV H[SRVXUHYV

6LPLODUO\ VHYHUDO SUHVHQWHUV DOVR WRXFKHG RQ WKH QHHG WR FROOHFW D

YDULHW\ RI GDWD QRW MXVW FRPSOLDQFH GDWD -QFRUSRUDWLQJ GDWD IURP

RWKHU VRXUFHV VXFK DV HPSOR\HU GDWD DQG GDWD FROOHFWHGEERU &ULWLFDO HYDOXDWLRQ RI H[SRVX
UHVHDUFK SXUSRVHV PD\ JLYH D PRUH UREXVW XQGHUVWDQGLQJ rR LWV FROOHFWLRQ DQG LWV VRXUF
RFFXSDWLRQDO H[SRVXUH /HYHUDJLQJ RWKHU W\SHV RI GDWD VXFK DV

HQYLURQPHQWDO RU DGPLQLVWUDWLYH KHDOWK GDWD FDQ DOVR KHOS ITOU JDSV

sy

)LQDOO\ D VWURQJ WKHPH WKURXJKRXW WKH SUHVHQWDWLRQV ZDMWKHIQHEBGRU DFWLRQ LQ XVLQJ H[SRV
IRUDFWLRQ 3UHVHQWHUV QRWHG WKDW VXUYHLOODQFH LV QRW M W WeKDHVD IRU PXOWLSOH SXUSRVHYV
H[LVWHQFH RI GDWD DQG PRUH ZRUN LV QHHGHG WR PDNH H[SRVXUH GDWD

DFFHVVLEOH DQG XVDEOH IRU PXOWLSOH SXUSRVHV LQFOXGLQJ UHVHDUFK

VXUYHLOODQFH SROLF\ DQG FRPSHQVDWLRQ
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'D\ WZR Rl WKH ZRUNVKRS ZDV DLPI
DGGUHVVLQJ WKUHH TXHVWLRQV

:KDW DUH WKH PRVW LPSRUW
JDSV LQ H[SRVXUH VXUYHLOC
LQ &DQDGD"

:KDW VNLOOV DQG UHVRXUFH
QHHGHG WR ILOO WKHVH JDS

:KDW DFWLRQV DQG SURMHFV
QHFHVVDU\ WR PDNH SURJUH

7KH GD\ EHJDQ ZLWK VPDOO JURXS
GLVEXVVLRQV IROORZHG E\ D EURE
GLVEXVVLRQ RI UHFRPPHQGDWLRQ\
LQFOXGLQJ NH\ VKRUW PHGLXP
WHUP VWHSV WKDW PXVW EH WDNH
ZRUNSODFH H[SRVXUH VXUYHLOODOG
&DQDGD 7KLV VHFWLRQ SURYLGHYV
RI WKH NH\ SRLQWV UDLVHG GXULQ
GLVEXVVLRQV DQG LQ WKH ZRUNVK
SUHVHQWDWLRQV
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$FURVV PRVW RI &DQDGD JRYHUQPHQW DJHQFLHV DQG VWDNHKROGHUV
LQYROYHG LQ WKH SUHYHQWLRQ RI RFFXSDWLRQDO GLWHBWH1®@FN DFFHVV WR

FXUUHQW H[SRVXUH GDWD $Q H[FHSWLRQ WR WKLV LV LQ,4XHEHF, 2KBYHGRVR 60\ vPDOO DPRXQWVY RI H[S
DUH VWLOO FROOHFWHG E\ JRYHUQPHQW K\JLHQLVWYV GXULQvSYpHhQWLBEBWER BUH FROOHFWHG E\ ZRUNSO
FRPSOLDQFH YLVLWV DQG DQDO\JHG DW WKH -5667 KRZHMHUFRRLO D OQERLYKMGSRVHY DQG WKHVH GDWD DU
DPRXQW RI LQIRUPDWLRQ RQ HDFK PHDVXUHPHQW LV GLJIGNUIME ]PG@G WKH

GDWDEDVH LV QRW SXEOLFO\ DYDLODEOH 7KH ODUJHVW DF{HV¥AEBHWRRYRUHORQ FRPSOLDQFH SXUSRVH

GDWDVHW LQ &DQDGD LV &:(' ZKLFK FRQWDLQV SULPDULORRQWYRVWDEWY DQG UHVHDUFKHUV DUH YHU\ UDU
PHDVXUHPHQW GDWD FROOHFWHG LQ WKH V DQG V IRU FRPSOLDQFH

SXUSRVHV 7KH FKDOOHQJHV LQ DGGUHVVLQJ WKLV JDS LQ FXUUHQW H[SRVXUH
GDWD DUH UHODWHG ERWK WR ZKDW GDWD DUH FROOHFWHG DQG ZKDW GDWD DUH
DFFHVVLEOH

:RUNVKRS SDUWLFLSDQWY QRWHG WKDW HYHQ LI DOO H:BRNXKRSGIDNVWDIVERUYHQWNOLGHQWLILHG WKH QHHG I
EHLQJ FROOHFWHG ZHUH PDGH SXEOLFO\ DYDLODEOH MRPSIRVRPHYRWWBQYWKDWVFRQWDLQ ERWK FRPSOLDQFH
ZRXOG UHPDLQ LQFOXGLQJ H[SRVXUH PHDVXUHPHQWY DQG LQFOXGH VWDQGDU
LQGXVWU\ LQIRUPDWLRQ GDWD FROOHFWLRQ DQG C

GHWHUPLQDQWY RI H[SRVXUH -GHDOO\ PHDVXUHPF

« 'DWD IURP VPDOO FRPSDQLHYV MRE VSHFLILF WDVNV VKRXOG DOVR EH LQFOXGHG

e 'DWD RQ HPHUJLQJ KD]DUGYV
e 'DWD RQ PXOWLSOH H[SRVXUHV RU FRPSOH[ H[SR 27+(5 *$36 $1' &+$//(1*(6
e 'DWD RQ PRVW QRQ FKHPLFDO H[SRVXUHV
e &HQWUDOL]HG GDWD UHSRVLWRULHYV

e &RRUGLQDWLRQ DQG GDWD VKDULQJ
0DQ\ RWKHU FKDOOHQJHV ZHUH LGHQWLILHG E\ ZRUNVKRS SDYWLELIARWY EHWZHHQ VWDNHKROGHUV

([DPSOHV LQFOXGH D ODFN RI FRRUGLQDWLRQ DQG GDWD V@:\P é} Od\éﬁﬁ K I#W%L
DQG DFURVV MXULVGLFWLRQV DQG D ODFN RI SDUWQHUV.KL V(-b,| I—ll' Hl?‘ Ggl_ IV¥| I—'|9 \%OHFWLRQ DQG VWRUDJH

JURXSV RI VWDNHKROGHUV -Q DGGLWLRQ GDWD FROOHEWLHRY D cVWMRREPHED RFFXSDWLRQ DQG LQGX
LQFRQVLVWHQW DQG WKHUH LV QR VLQJOH VWDQGDUGL]HG RFFXSDWLRQ DQG

LQGXVWU\ FRGLQJ VIVWHP PDNLQJ LW GLIILFXOW DQG FRVWO\ WR PHUJH GDWD

IURP GLIIHUHQW VRXUFHYV
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$ QHHG IRU ERWK VWDQGDUGY DQG WUDLQLQJ ZHUH LGHQWLILHG E\

ZRUNVKRS SDUWLFLSDQWY 6WDQGDUGYV DUH QHHGHG WR HQVXUH

FRQVLVWHQW GDWD FROOHFWLRQ VWRUDJH DQG VWDWLVWLFDO DQDO\VLV DFURVYV

MXULVGLFWLRQV DQG RUJDQL]DWLRQV -Q DGGLWLRQ VWDQGDUGL]HG FRGLQ]J

VIVWHPV DUH QHHGHG WR IDFLOLWDWH WKH PHUJLQJ RI GDWDVHWV 7KLV

FRXOG DOVR EH IDFLOLWDWHG E\ HIIHFWLYH FURVVZDON VRIWZDUH RU

DUWLILFLDO LQWHOOLJHQFH VIVWHPV WR FRGH IUHH WH[W MRE LQIRUPDWLRQ DQG

DVVLVW ZLWK FURVVZDONV EHWZHHQ VI\VWHPV 7UDLQLQJ LV QHHGHG WR

SURYLGH GDWD DQDO\VLYV VNLOOV DQG D EHWWHU XQGHUVWDQGLQJ RI

PHWKRGV IRU FUHDWLQJ H[SRVXUH GDWDEDVHV 7KLV WUDLQLIQ®) (§Y$<6 6.-//6 $1' 5(6285&(6

HVVHQWLDO IRU ERWK RFFXSDWLRQDO K\JLHQLVWV DQG RWKHUY LOYROYHG LQ

GDWD FROOHFWLRQ FRGLQJ DQG DQDO\VLV g‘g’gg\vDLL\’/GV e e FRoeln Furbie iR -
7KH NH\ UHVRXUFH QHHG LGHQWLILHG E\ ZRUNVKRS SDUWLFL@\MQQ/Q'DMGD]HG MRE FRGLQJ V\VWHPV
FHQWUDOL]HG GDWD UHSRVLWRU\ RU QHWZRUN Rl GDWD UHS R

H[SRVXUH GDWD WKURXJKRXW &DQDGD WR SURYLGH KDUPI&Qﬁe\é(\{g %\HZDUH DQG DUWLILFLDO LQWH O
FRRUGLQDWLRQ Rl GDWD FROOHFWHG IURP DOO VRXUFHV WKE ég vq_%\'UHH WHIW MRE FRGLQJ
VKDUHG DFURVV WKH FRXQWU\ 6RPH SDUWLFLSDQWYV VXJJHV'}/\UI-DG_QM_IQQ]V\L@)@:@(WD DQDO\VLV

D UHSRVLWRU\ VKRXOG EH FRRUGLQDWHG DQG IDFLOLWDWHG_ E\

LQGHSHQGHQW ERG\ WR KROG GDWD IURP PXOWLSOH SDUWQJUQLD%-(Q%H?XWJ[QRVXUH e e
DFFHVVLELOLW\ IRU DOO 7KH GHYHORSPHQW Rl WRROV D OO RH®W UYHIUWNBDWD UHSRVLWRULHV

TXHU\ WKH GDWD TXLFNO\ DQG HDVLO\ ZRXOG DVVLVW LQ DFEHVYLELOLW\ Rl

WKH GDWD &:(' ZDV GLVFXVVHG DV D SRVVLEOH PRGHO ExW)X¢Zr&bc

UHTXLUH DQ LQMHFWLRQ RI VXEVWDQWLDO QHZ IXQGLQJ

6XEVWDQWLDO RQJRLQJ HIIRUWY ZLOO EH QHHG WR HVWDEOLVK IXOO\
IXQFWLRQDO VXUYHLOODQFH V\VWHPV 3DUWLFLSDQWY VSHFLILFDOO\
KLIKOLIJKWHG WKDW VXVWDLQHG ORQJ WHUP IXQGLQJ ZLOO EH QHHGHG WR
FUHDWH PDLQWDLQ DQG XSGDWH QHZ H[SRVXUH GDWDEDVHVY DV ZHOO DV

WR HYHQWXDOO\ FUHDWH FHQWUDOL]HG GDWD UHSRVLWRULHY 3DUWLFLSDQWYV
UHFRJQL]JHG WKDW VRXUFHV RI IXQGLQJ DUH OLPLWHG HVSHFLDOO\ IRU
QDWLRQDO LQLWLDWLYHV VXFK DV &:(' $SSURDFKLQJ QRW RQO\ SURYLQFLDO
EXW IHGHUDO DJHQFLHYVY ZDV DOVR GLVFXVVHG
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6KRUW 7HUP $FWLRQV DQG 3URMHFWYV 6HYHUDO LQLWLDWLYHYVY DOUHDG\ LQ PRWLRQ ZHUH DC
WKH 0/-76' DQG WKH 2&5& DUH FROODERUDWLQJ WR G

'RUNVKRS SDUWLFLSDQWY DJUHHG RQ WKH QHHG WR C&BbWLIRWERRAVRGFHDVXUHPHQW GDWD FROOHFWHG E
GDWD KROGLQJV DQG KRZ WKHVH GDWD FDQ EH DFFHVWVHY XQWE QW WY SURYLGHG E\ HPSOR\HUV DQG KH(
VWHS FRQGXFWLQJ D FRPSUHKHQVLYH VXUYH\ WR LGW(é\WHJ\ leD¥Pt! KM BRQEYHSRUW ILOHYV VWDUWLQJ ZLWK
&DQDGLDQ PLQLVWULHV RI ODERXU HPSOR\HUV XQLR®Y WHbBWK-BEFZKHQ WKH SURYLQFLDO ODERUDWRU\
VDIHW\ DVVRFLDWLRQV DQG UHVHDUFKHUV zDV GLVFXVYORYW SYRWRAWYWR GLILWLIH UHFHQWO\ FROOHFWE
VKRXOG LQFOXGH PHPEHUV RI RFFXSDWLRQDO K\JLHQMXF%‘Yé;dLFVM\vﬁ_QQ\g\\/KRXOG EH D SULRULW\ DQG PD\ EH
ZKRVH PHPEHUVKLS VSDQV DOO SRWHQWLDO GDWD KRSSCHWW DS GG 7KH 2&5& ZDV DOVR UHFHQWO\ DZD
PD\ KDYH ILUVW KDQG NQRZOHGJH RI GDWD KROGLQJIWHY Z2Q¥BUL{R :RUNSODFH 6DIHWY DQG -QVXUDQFH %R
RUJDQL]DWLRQV DQG LQGLYLGXDOV KROGLQJ GDWD 7kH8E #8ESWHR EBPollRQ4QJI 6DIHWY DQG +HDOWK $SGPLQ
SULRULW\ KD]DUGV DFURVYV DQG ZLWKLQ MXULVGLFWLRSGEZHYHpGRWDEDVHYV WR ILOO GDWD JDSV LQ 2QWDU
GLVFXVVHG DV DQ LPSRUWDQW PHDQV RI SULRULWL]LQJ WKH GDWD WR EH

DFTXLUHG GLJLWL]HG RU DQDO\]HG

2ZWKHU DFWLRQV WKDW FRXOG EH LPSOHPHQWH

UHVRXUFHVY DUH WKH GHYHORSPHQW RI D VWDC (< 7$.($:$<6 _ 6+257 7(50 $&7-216 $1' 352-(&76
IRUPDW WKDW LV FRPSDWLEOH ZLWK &:(' DQG R
GDWDEDVHV WKDW FRXOG DOVR EH XVHG DV D
HITRUWY E\ D ZLGH UDQJH RI GDWD KROGHUV W e —GHQWLI\ SULRULW\ KD]DUGYV
GDWD DYDLODEOH 7KLV ZRXOG DOVR IDFLOLWLEL
OLQOQNDJH LQWR VRPH NLQG RI IHGHUDWHG GDW
KHOG ORFDOO\ EXW DFFHVVHG FHQWUDOO\ WKL e ' HYHORS D PRGHO GDWD VKDULQJ DJUHHPHQW
DGGUHVY SULYDF\ RU RWKHU FRQFHUQV $ PRG
DJUHHPHQW ZKLFK FRXOG EH HDVLO\ PRGLILHC
QHHGV RI GDWD KROGHUVY DQG VWDNHKROGHUV e - GHQWLI\ HITHFWLYH DXWRPDWHG MRE FRGLQJ WR
BUHIHUUHG RFFXSDWLRQ DQG LQGXVWU\ FRGLQ
LGHQWLILHG DV ZHOO DV WKH EHVW DXWRPDW
EH XVHG ZLWK I[UHH WH[W MRE LQIRUPDWLRQ 3 e 'HYHORS D EXVLQHVV FDVH
WKH QHHG WR HQJDJH ZLWK VWDNHKROGHUYV D(
FDVH WR FRQYLQFH D ZLGH UDQJH RI GDWD KR(
HPSOR\HUV WR SDUWLFLSDWH 6XFK D EXVLQH" e '"HYHORS SLORW SURMHFWYVY WR GLJLWL]H H[SRVXU
EHQHILWY WR SUHYHQWLRQ DV ZHOO DV WKH C
UHGXFHG FODLPV SUHPLXPV KHDOWKFDUH FR\
LQFHQWLYHY /DVWO\ WKH SDUWLFLSDQWYV DO\
OHDGHUVKLS WR FRRUGLQDWH DQG FKDPSLRQ WRLV miirkuUw

e -GHQWLI\ H[LVWLQJ GDWD KROGLQJV

e 'HYHORS D VWDQGDUGL]HG GDWDEDVH IRUPDW

e -GHQWLI\ SUHIHUUHG RFFXSDWLRQ DQG LQGXVWU)

e (QJDJH ZLWK VWDNHKROGHUYV

e -GHQWLI\ OHDGHUVKLS

e ([SORUH WKH XVH RI LQWHUQDWLRQDO GDWDEDVH



OHGLXP 7THUP $FWLRQV DQG 3URMHFWYV

7KH SULPDU\ PHGLXP WHUP REMHFWLYHV DUH WKH GLIJLWWORIR@HRIGHUVKLS DQG SODQQLQJ ZLOO EH QHF|
HI[LVWLQJ H[SRVXUH PHDVXUHPHQW GDWD DQG WKH FUHRWMR@VRIYHVKOHG ZRUNVKRS SDUWLFLSDQWYV DOVF
IXQFWLRQDO FHQWUDOL]HG GDWD UHSRVLWRULHV 3DUWJKKEDIRYWWBINEHVIGVRU\ FRPPLWWHH WR VWHHU SUF
WKDW FHQWUDOL]HG GDWD UHSRVLWRULHV ZLWK GDWD ¥YWRERJHHPRGVDU\ WR FOHDUO\ GHILQH WKH JRDOV
DQDO\WLFDO UHVRXUFHV DV ZHOO DV VWURQJ GDWD VHFEXWhWM\ dHWHDWLYHYV 3DUWLFLSDQWYV DOVR GLVFX
QHFHVVDU\ IRU VWDNHKROGHUV WR IHHO FRPIRUWDEOH FOQWKOHGJH WUDQVODWLRQ SODQ IRU FRPPXQLFDW
FRQWULEXWLQJ WKHLU GDWD 6WDQGDUGL]HG GDWD HQWWDRRARRFRGEH QR JURXSY $QRWKHU LPSRUWDQW URO
SURWRFROV ZLOO EH QHFHVVDU\ WR DOORZ VKDULQJ DQ®WWRR QO LFRIO®BDERWPWLRQ EHWZHHQ MXULVGLFWLRC
3DUWLFLSDQWYV DOVR IHOW WKDW GHYHORSLQJ WRROV VBRWIQARF KW HARYNRRS D UHIXODU HYHQW SHUKD S

TXHU\ WKH GDWD IRU FRPSOLDQFH FRPSHQVDWLRQ UHMWHHHIWKQP PRNG KDYLQJ GLITHUHQW SURYLQFHV KRV
SROLF\ SXUSRVHV LV HVVHQWLDO -Q FRQWUDVW WR WKH SLORW SURMHFWV WKLV

HITRUW ZLOO UHTXLUH PRUH VXEVWDQWLDO IXQGLQJ

6WDUWLQJ ZLWK SXEOLF LQVWLWXWLRQV LV ORJLFDO EHFDXVH WKLV GDWD

VKRXOG EH SXEOLFO\ DFFHVVLEOH DQG WKHUH DSSHDUV WR EH DQ

LQWHUHVW DPRQJ VRPH OLQLVWULHV RI /DERXU WR FROORERUPWIL )R ('_g0 7(50 $&7-216 $1' 352-(&76
H[DPSOH DV GHVFULEHG DERYH WKH 2QWDULR 0/-76' ZRXOG OLNH DOO

WKH GDWD WKH\ KDYH FROOHFWHG GXULQJ WKH \HDUV VtQEHLWKH ol MM @J H[SRVXUH GDWD

ODE ZDV FORVHG LQ WR EH GLJLWL]HG :KLOH SURMHEW&\UMBMQ:\{_'QWUDOLWG GDWD UHSRVLWRULHYV
WKLV ZLOO EH D JUHDW UHVRXUFH SDUWLFLSDQWY IHOW VWURQJO\ WKDW GDWD

FROOHFWHG IRU FRPSOLDQFH SXUSRVHV SURYLGHV D OLPLWHRBORSHWRROV WR TXHU\ H[SRVXUH GDWDEDVH\
H[SRVXUH DQG WKDW GDWD IURP RWKHU VRXUFHV LV QHEHYY¥PHE UHODWLRQVKLSY ZLWK VWDNHKROGHUV
+RZHYHU JDLQLQJ DFFHVV WR GDWD WKDW LV SULYDWHO\ KHOG PD\ EH

FKDOOHQJLQJ 3DUWLFLSDQWY GLVFXVVHG GLIIHUHQW DSSUXPPRIPVYDRRDGYLVRU\ FRPPLWWHH

IRVWHU VWDNHKROGHU HQJDJHPHQW LQ EXLOGLQJ DQ HISRN¥HHRS D VWUDWHJILF SODQ

VXUYHLOODQFH VI\VWHP $ NH\ FRPSRQHQW LV GHYHORSLQJ DSSURDFKHV

WR DFWLYHO\ UHFUXLW VWDNHKROGHUV DQG HIIHFWLYHO®\ VRDHORSHOWR BOGHGIH WUDQVODWLRQ SODQ
UHSRUWV ZLWK HPSOR\HUV FRQVXOWDQWYV ODERXU XQLRQNoBQPHERBBWK HwL oIV

DQG VDIHW\ DVVRFLDWLRQV DV ZHOO DV JRYHUQPHQW 7KH FRQFHSW RI

FUHDWLQJ D VRFLDO GLDORJXH WR GHYHORS UHODWLRQVKLSV ZLWK

VWDNHKROGHUV WKDW IRVWHU WUXVW DQG SURPRWH VKDULQJ RI

LQIRUPDWLRQ ZDV GLVFXVVHG



/IRQJ 7THUP $FWLRQV DQG 3URMHFWYV

7KH ORQJ WHUP REMHFWLYH LV D VXVWDLQDEOH QDWLHF
H[SRVXUH VXUYHLOODQFH SURJUDP RU QHWZRUN RI FRO
SURJUDPV 7KLV ZRXOG QHHG WR EH VXSSRUWHG E\ QDV
DQG VXVWDLQDEOH IXQGLQJ -W VHHPV ORJLFDO WR EXI|
SURMHFW DV WKH EDVH IRU D QDWLRQDO OLNHO\ IHGHL
LW ZRXOG UHTXLUH VXEVWDQWLDO QHZ UHVRXUFHV WR
QDWLRQDO OHYHO SRVHV D SDUWLFXODU FKDOOHQJH D
VXFK DV &:(' DQG &%$5(; &DQDGD KDYH IRXQG LW YHU\ GL
LGHQWLI\ SRWHQWLDO VRXUFHV $OWKRXJK IHGHUDO UF
GLUHFWHG WRZDUGY GDWD VFLHQFH DQG LQIUDVWUXFW
IRFXVHG RQ GLVHDVH DQG JHQHWLF GDWD DQG RWKHU \
EH LGHQWLILHG IRU RFFXSDWLRQDO GDWD

+RZHYHU RQFH D QDWLRQDO RFFXSDWLRQDO H[SRVXUH
GHYHORSHG LW ZLOO EHFRPH D PDMRU UHVRXUFH IRU ¢
DQG WHUWLDU\ SUHYHQWLRQ 1DWLRQDO FROODERUDWL
SURYLQFHV WR ILOO LQ SURYLQFLDO JDSV VKDUH GDWE
HPHUJLQJ KD]DUGV DQG VXSSRUW SUHYHQWLRQ DQG FFR
SROLF\ GHYHORSPHQW 7KH GDWD FRXOG IHHG LQWR WK
SURMHFW WR FRQWLQXDOO\ LPSURYH DQG XSGDWH HVW
QXPEHUV RI ZRUNHUV H[SRVHG LQ HDFK SURYLQFH DQG
GDWD FRXOG EH OLQNHG ZLWK KHDOWK GDWD DW WKH S
OHYHO WR VXSSRUW RFFXSDWLRQDO GLVHDVH VXUYHLO

(< 7$.($:$<6 _ /21* 7(50 $&7-216 $1' 352-(&76
e '"HYHORS QDWLRQDO RFFXSDWLRQDO H[SRVXUH VXUYH
e 6HFXUH VXVWDLQDEOH IXQGLQJ

e 8VH WKH GDWD WR VXSSRUW RFFXSDWLRQDO GLVHDVI
FRPSHQVDWLRQ VXUYHLOODQFH DQG UHVHDUEFK



5()(5(1&(6

6KDNING / RIDU+HQGHURQ& 0 DF HRG- ' HP HU/3$ 1 DWRQDO2 FFXSDMRDO IMHDVH DQG ( [ SRVXUH 6XUHIADQRH :  RUNKRS 6XP P DU DQG 2 EVHUYDARQY
>QMOHVEB7RIROR 2 FRXSDARQDOSDQFHUS HVHDURK &HOWH 2 QUBUR -+ HDOK $YDDEGIILRP KW8V ZZZ RGVS RAFFDZS
FROWMQWXS&DGY 12" (6 : RUWKRS 5HSRUB) [QDOSGI

" HP HW/3$ 8MVIQJ VAHOWILE HYLGHQRH DQG SUQAS®IV VR KHS GHWALP LOH WH Z RUN UHDMAGOHW RI FDQFHU>QWMLDHV@7 RIRQVR SAWG $XJ  @$YDIDE®
ILRP KW8 ZZZ ROWUR FD GRFXP HQWXVQJ VALHQWILF HYLGHQFH DQG SUQAS®N KHS GHWLP LOH Z RUN LHDWIGQHW FDQRHU

$UDQGDHI 9+ YRUWDWMIQ6 . IQJ$ 7DNDLIR7. ' HP HW/3$ ' HMJIQQJ H SRVXWH LHIMMHV IRULP SLRYHG WDFNQJ RI RFFXSDWRQDCH SRVXIH DQG GIVHDWH &DQ -

3XEQF + HDOK 5HY &DQ 6DQW 3XEQT XH XQ H
&KHQ- 3LHQGHUDWT 3UQFH3 *DZ $ 4 XD\®I' 7KH1 DWRQDO RVH5HIMA &DQDGIDQ RFAFXSDMRQDCH, SRVXUH VR IRQIMQJ LDGIDWRQ - 5DGIRGBLRW
211 - 6RF 5DGIROBLRW XQ

' DYIHV+ 3HWAW&( +D@$ ' HP HW3$ 1LFRCS0 &DSDAW' HYH®RSP HQWRUD &DQDGIDQ: RUNSMFH ( [ SRVXUH' DVDEDVH >QWALDHV®:  RUNGDI HY&: XOFAWG

$XJ  @$YDIDE®IILRP KWBV ZZZ ZRUWDIHEF FRP HQ UHVRXURHV DERXWXV UHVHDUFK FDSDAW GHYH®SP HQW RUD FDQDGIDQ Z RINS@AH H SRVXUH
GDWEDVH' @®QJ HQ

BDXY«-) ' DYIHV+: 3DUHQMD < 3HW/&( 6\ OHVAHO 3 / DYRX« - ' HYHRSP HQARI 4 XDOWEMYH (VAP DWVRI © RRG' XVA( [ SRVXUH LQ D &DQDGIDQ * HQHLDO

3RSXOMRQ -RE ([ SRVXUHO DW %DVHG RQ 3DWA( [ SHUAMSWHWP HQW $QQ: RWN([ SR + HDOIK -DQ

+D@B/ 3HWWE&( ' HP HW/3$ ' DYIV+: ([ SRVHG 2 UQRW 7KH GIP LQIVKLQ) UHFRUG RI Z RINS@FH H SRVXUH LQ &DQDGD &DQ - 3XEQE + HDO 5 HY &DQ 6DQW
3XEQXH $SU H

6D 1Q3 /DEW FKH) /HVDIH- / DYRX« - $ &RP SDUDWYH 6WG RI WH-0 6 26+$ DQG/-0 6 5667 ([ SRVXUH' DVPEDVHV >QMUOHE-QMAMWGH UHFKHUFRKH 5 REHUV
BDXYee HQ VDQW HWHO Ve FXUW GX WDYDIO 5667 1 RY 5AWG $XJ  @$YDDEGIIWRP KWBV ZZZ IDMANTF FD HQ SXECEDMRQV

VRRY SXEQFDMRQ L QP IVaPV

6D 1Q3 9XUANQ— . IOFT / DYRX« - 7UHQGVIO 2 6+$ &RP SAIDOFH 0 RQVRUQJ ' DV SVMMAFDOD RGHIQ) Rl $QFLADU -QI RLP DARQ DALRW

&KHP IFDY $QQ2 FFXS +\J 0D

6D 1Q3 IXUMNQ— . LOFT ) UHVHQO & / DYRX« - &KDUDPMU] DMRQ Rl WH 6HGPWYH 5 HFRUGEIQU RI : RINS@FH ([ SRVXUH O HDVXUHP HOW LOWR 2 6+ $ V-0 -6

" DVDEDQN $QQ: RWN([ SR + HDOK 0DU

YXUMWQ— 6D IQ3 / XWD* ) UHVHQO & . IOFD / DYRX« - 3UHUHTXIMWM |RU-P SXWQJ 1 RQ GHWIPW DP RQJ $LLERUDH 6DP SGVIQ2 6+$ V-0 -6 ' DWEDON 3UHGIEMRQ
Rl 6DP SGIVIRGP H $QQ: RWN([ SR+ HDOK X0

YRWRQ 5IHXVRUN 6D 1Q3 YFRXW - +R 9 / DYRX« - 2 FFXSDMRQDO&R H SRVXUHVVRR 0 XEOAS®! &KHP IFDOBIHQW ILRP : RINS@FH 0 HDVXUHP HQWE\ WH 8 6

2 FRXSDWRQDGOBDI HW DQG + HDIK $GP LOMADMRQ $QQ: RN ([ SR + HDAOK $SU

0 DMU* 6DXY«-) 6D IQ3 / DYRX« - ([ SRVXUIH' HWAP LODQW LQWH ) UHOFK ' DVPEDVH &2 / &+ -& BVIMMAFDCD RGHIQ) DARW  &KHP LFDY $QQ

© RUN([ SR + HDOK XQ

0 DWU* 3DUV& / DYRX« - ' HVRUSWYH DQDOMY DQG FRP SDUMRQRI VE R ) LHQFK RFFXSDMWRQDCH SRVXWH GDWEDVHV &2/ &+-& DQG6&2/$ $P --QG0 HG
0D

. HQG] ID % 3HVK % . RSSIMFK'  9DQ* HGBHUS 3MWNH. =VFKIHVKH: HADOO RGHA RI RFFXSDMRQDCH SRVXUH VR LOKDDE®! QIENHCFRP SRXQGV - ([ SR 6FL
( QYLLRQ ( SIGHP RO -XO



. HQG] ID% 9DQ* HBHU5 6FKZ DQN7 +DIHP DQQ & =VFKIHVFKH:  %HKWHQV 7 HWDO2 FRXSDMRQDQ( [ SRVXIH VR -QKDDE®I 0 DQJIDQHWH DW HLP DQ: RUINSOFRHV $QQ
: RIN([ SR + HDOM 1RY

3DIN-+ &KRL6 .RK' + /IP ' 6 3DIN' .IP +& HWDOS$ 3LRW WIEQKP HQWRI WH -RE ([ SRVXUHO DA RI / HDG 8 MIQJ WH 6VDQGDUG 3LRFHW &RGH RI 1 DARQZ IGH
([ SRVXUH' DWEDVHVIQ. RUHD 6D +HDOM : RN ' HF

.RK" + 3DIN-+ /HH6* .IP +& &KRL6 -XQJ + HWDO&RP ELQIQJ / HDG ([ SRVXIHO HDVXWHP HQW DQG ([ SHUN -XGIP HOWZKIRXJK D %D\ HMDQ ) WDP HZ RIN $QQ
: RIN([ SR + HDOM 1RY

6FDUMHMS 0 ROWIKQE& 0 DUQDFAR$ 7KH ABIDQ LIRWP DURQ W MWP  RQ RFFXSDARQDCH] SRVXUH VR FDLFIQRIHQV 6-5(3  VMAXPWH FROWIQW DQG | XWWLH
SHUSHPRYHY $QQ 2 FFXS +\J XO

6FDUH@S$ &RUIDWO ' LO DYIR' 0 DUQDFAR$ -DYIFRQ6 * HQGHUGL I HLHQFHV LQ RAFXSDWRQDCH SRVXIH VR FDUFLQRIHQV DP RQJ VBXIDQ Z RUNHWY %0 & 3XETF
+ HDOK 0o DU

SHWAV/&( * H&% +D@B/ ' DYIHV+: ' HP HW3$ &$5(; &DQDGD DQ HQKDQFHG P RGHO RUDWHWIQI RFFXSDMRQDOFDUFIQRIHQ H SRVXUH 2 FFXS ( QYILRQO HG

DQ
2 FFXSDWRQDO&DQFHUS HVHDURK &HQWH >QWALHVBSAWG $XJ @2 FFXSDMWRQDCFDQFHUDQG DVEHVIRVLY DP RQJ DVEHWRY H| SRVHG Z RINHW/ 1Q 2 QUBUR
$YDIDEGI ILRP  KWBV ZZZ RFFXSDARQDBDQFHUFD RFFXSDAMRQDOFDQRHU DQG DVEHWRMY DP RQJ DVEHVRY H SRVHG Z RINHUY 1Q RQWDUR
BMYIN&( ' HP HW/3$ 7DP EXUF/ : DUWGHQ+ 0 FHRG& ' R SDAMUDVRI SDWADVEHWRY XVH DQG SLRGXPURQ UH GIFAFXULHOWI HRI UDSKLE YDUDARQV RI FDQFHUUWN!
P HVRWHIRP D 1Q 2 QWUR DQG %IMIK &RO(P EID &DQDGD &DQFHU&DXVHY &RQOWRCEESE. $SU
BMYIN&( . DBIQIHG ' HP HI/3$ 5HFHQWAHQGY LQ WH LOGXWWMDOXVH DQG HP MMRQ RI NQRZ Q DQG VXVSHAMG FDLFLQRIHQVIQ 2 QUBUR &DQDGD 5 HY ( QYLLRQ + HDMK,
0DU
6MYIN&( . DBIQIHG ' HP HW3$ -QGXWM DQG JHRJIUDSKIE SDMALQY Rl XVH DQG HP MRQ RI FDUAQRIHQVIQ 2 QBUR &DQDGD &DQ - 3XEQE + HDOK 5HY
&DQ 6DQM 3XEQT XH " HF

3XEQF + HDOK 2 QBUR >QWADHVESFIWG $XJ @5DZ : DMU&KHP IFDY0 DS $YDIDEGIILRP KW8 ZZZ SXECFKHDOKRQUR FD HQ ' DV DQG
$QDOMY ( QYILRQP HQWDO+ HDOK 5DZ : DWMU&EKHP LFDYY

+ROQHW' / . XGD—-"' H RYHQ-* 6NRWIIFNL6 7KH8WDN RI DQ 2 FFXSDWRQDOSRQIDFW HUP DWAY 3DWK 7HW DVIDEDVH 1Q WH $QDOMYV RI : RUNS@FH 3 LHYHQWRQ
$PIYMHV 1Q 7RIRQR &DQDCGD $QQ: RWN ([ SR+ HDOK 0 DU

$UDQGD®BI9+ +RO@HW' / 8MQJ KHDOM LQUXDQFH DGP LQMADAWYH GDVD VR H SERUH SDWAK WMAQD X} DARQ 1Q 2 QUR &DQDGD $Q XQMESSHG UHVRXUFH &ROBFW
" HWP DWiAY XQ

" H RYHQ* ' H RYHQYO : DUKDZ (0 O DAIDV&* 7 7D\@U-6 6DWHYIGR' HADO2 FFXSDURQDCFRQPAGHP DWAY 5 HWRVSHARYH DQDOMY RI 1 RUK $P HUFDQ
&RQIPW HP DAY * LRXS ' DD W -$P $FDG' HWP DRO $SuU

YDXHU$ 3HVROHQO 9%4DQVS &DIRSSR) ' IENHOF ' XJRQINS HADO2 FFXSDMRQDCFRQBPADGBIUN  7KH ( XLRSHDQ SHWSHPWYH $ QDOMY RI SDWK WAMAGDVD | LRP
(668&$ EHVE HHO DQG &RQEPW HP DAY $SU

"DYIV+: *RWPDQ1J0 ' HYHBRSP HOWRI D: HE %DVHG 7RRORUS N $WHWP HOADQG ( [ SRVXUH &ROARCBMQQLQJ RI 6LIFD 3URGXAQI 7DV LQ IKH &RQWAKPURQ
6HARU ) LRQWB XEQE + HDOK



$33(1' . , 63($. (5%2*5$3+,(6

"5 9-&725-$ $55%1" $/(
81-9(567<2) 7252172

" U 91FVRUD $ UDQGD®! LV DQ $ WIMBQWB LRIHWRUZ IW WH ' DA/ DQD 6 FKRRCORI 3XEQF + HDOM DVWIKH

8 QYHUIW Rl 7RIRQR  + HUUHVHDURK LOWIUHVW LOFXGH RFFXSDWRQDCK\ JIHOH H SRVXWH DWHWP HOWWH
GHYHRSP HOWRI QHZ P HWRGV IRUP HDVXUQJ H SRVXWH DQG LOWAUYHQWRQ UHVHDURK VR SLHYHQW
RFFXSDVRQ H SRVXIH DQG GIVHDVH 6KH UHFHLYHG KHU3K'  1Q 0 HGIFDOSHHOQRH I LRP WH 8 QLYHUAW R
7TRIRQR 5 HFHOWSLRMIFW LOFXGH UIHVHDURK VR P SLRYH KHDOIK DQG VDI HW 1Q QDIOVDBRQV RFFXSDMRQDO
H SRVXUIHWR |O@P H UHAVILGDQW DQG DQDOVHV RI IAFRVIY DVEHWRMY DQG SX® RQDU [LEELRVY 1Q 2 QUUR

05 0-&+$(/ W+ ($8
6$)( : 25. 0$1-72%8

0 LEKDHOYRIBIDX 1V DQ RFFXSDARQDCK\ JIHQMAZ IVK 6DIH: RUNO DQWRED D SXEQF DIHQR GHGLEDWG \R
WH SUHYHQARQ Rl Z RINS@FH LOMU DQG LAHW IQ 0 DQIVRED + H Z DV IQWXP HQWAQ WWH GHYHERSP HOW
RI 6DIH: RUINO DQIREDV 2 FEXSDARQDO LVHDVH DQG -@HW 3 UHYHQURQ 6WDWAJ\  3URUVR NRIQIQJ 6DIH

© RUINO DQWRED KHZ RUNHG Z IW :  RUINS@FH 6DI HW DQG + HDOK 0 DQWVREDV HQIRUFHP HOWDJHQR.  DQG
SURUVR VKDDV D FRQUXOBQWRUD @UH QDWRQDALLP

"5 +8*+ ' $9H6
81-9(567<2) %676+ &2/80 %$

" U+XJK' DYIHVLVWH GDGHURI WH &DQDGIDQ : RUINS@AH ([ SRVXIH' DWEDWH & (' SURMIFW+ HLV
DOR D 3URIHWRUDWIKH 8 QLYHUAW RI %4UMVK &ROXXP ELD DQG D FR IOQYHVWI DVRURI WH &$5(; &DQDGD
SURMIPW+ 1V UHVHDURK LOWILHVW | RFXV RQ RFFXSDARQDCK\ J IHQH DQG H| SRVXUH DWHWP HQWDQG LOFOXGH
WH P SDPARI QRIVH H SRVXUH RQ KHDUAGIVHDVH DQG RWHUQRQ DXGIVRU KHDOM RXVPRP HV H SRVXUH R
DOUWOHRS@VAE GUXJV DP RQJ KHDOKFDUH DQG YHMUQDU Z RUNHYY DQG VIGFD H SRVXUH 1Q FROVWAKFURQ
+H LV D ERDUG FHUAILHG LOGXVWMDOK\ J IHQMVDQG D P HP EHURI WH $&* —+ FKHP LFDOVXEVQRHV 7/ 9

FRP P IWMH



"5 0(/$1A *250$1 1*
%8 &2 16758 8&72 1 6$)(7<$//$1 &

" U0 HDQH* RWP DQ 1 J VD + HDOK DQG ( [ SRVXUH 6AHQWAMZ IV WH Y4 IMIK &ROP ELD &RQWKXPURQ
6D HW $@DQFH DQG DQ $ GMQPWB LRI HWRUDWIMH 8 QLYHUAW RI %4IMYK &ROXP ELDV 6FKRRCRI 3RSXOMRQ
DQG 3XEQF + HDOK 6KHKR@VD3K' 1Q 2 FRXSDMRQDCDQG ( QYILRQP HQVDAD HGLIFIQH ILRP WH 8 QLYHUMW
Rl $EHUGHHQ 6KH LV DOR D &HUAILHG -QGXVMMDOF \ J LHQMWA+ HUUHVHDURK | REXVHV RQ KHDOK KD] DUGV DQG
H SRVXUH DAWHWP HQALQ WH FROWKPARQ LOGXW  6KH GHYHERSHG WH WIMIAFDCP RGHOKDW
XQGHUBLQV WH BL0FD &RQWRO7RRO

"5 /41 +2/1(66
817<+($/7+ 7252172 $1' 81-9(567<2) 7252172

" U/ 1QQ + RQHW LV DQ RAFXSDMWRQDCP. HGIFIQH SK\ MIFIDQ 6KH LVWH ' LLHRVRURI WH &HQWH | RUS HVHDURK
([ SHUMH LQ 2 FFXSDMWRQDO  IVHDVH DQG D 3 URIHWRU( P HUMD Z IWK WKH ' DA / DQD 6FKRRCRI 3XETE

+ HDOM DQG WH' HSDUR HOWRI 0 HGLALOH DWIAH 8 QLYHUMW RI 7RUIRQR 6KH LV DOR DWII I SK\ VIFIDQ [Q
WH' LYIMRQRI 2 FFXSDMRQDOD HGIAQH ' HSDUR HQWRI 0 HGIEQH DABWO [FKDHOY + RVSIVDCDQG D
VAHQWAMZ I KH O $3 &HQWH | RUS LEDQ + HDOK 6ROMRQV + HUSUP DU LHVHDURK | RFXV IV RFFXSDARQDO
WNQ GMHDVH LOFOXGIQI SLHYHOURQ GIDIQRVY RXVERP HV' KHD®K FDUH XWIJ DARQ DQG UHUD VR Z RN

"5 «5-0(/$928¢
81-9(567¢< ' (02175¢$/

" U «UP H/ DYRX« LV D 3WRIHARUZ I WH' HSDUR HOWR! ( QYLLRQP HQWDCDQG 2 FFXSDMRQDOH HDOK

<« FR®! GH VDQW SXEQT XH 8 QLYHUAW GH 0 RQAKDODQG D 5 HVHDURK 6FHQWIAZ WK WH 8 QLYHUAW GH

0 RQWKDO+ RVSIVBCE HVHDURK &HQWH + HKR@VD 3K'  1Q 3XEQTF + HDOK | LRP WH 8 QLYHUAW GH 0 RQAKDO
+ 1V UHVHDURK | RFXVHV RQ RFFXSDARQDCH] SRVXUH DWHWP HQWSDUAEX@®UD H SRVXUH GDVBEDVHY WKH
GHYHRSP HQARI NRE H SRVXUH P DMFHV DQG %D\ HVIDQ WIMWMEFDCOP RGHIQJ 0 DNRUSURMIPW LOFOXGH
EXLGIQI D&DQDGIDQ-(0 [LRP SDVAH SHIADWHWP HQW WG\ LQJ DQG FRP SDUQJ P DNRUH] SRVXUH
GDVPEDVHV1Q 1 RUK $P HUFD DQG ( XLRSH DQG GHYH®SIQI XVHUIUHQG® VRRY VR VXSSRUAGHAMRQ

P DNQJ IRUFRP SIDQFHZ W 2 (/ V



"5 (/$4%$ 0 &1 7<5(
38% & +($/ 7+ 217$5-2

" U (@QDO DFQWWH IVWH 0 DQDIHURI 7R[ IFR®RI\ DQG ([ SRVXWH $ WHWP HOWZ I WH ( QYILRQP HQW2O
DQG 2 FFXSDWRQDO+ HDOM GHSDUR HOWDWB XEQF + HDOK 2 QBUR 6KH LV DOR DQ $ GMQPAB LRIHWRUZ WK
WH' D@/ DQD 6FKRRCARI 3XETF + HDOK DVWiKH 8 QLYHUMW RI 7RIRQMR 6KHKR@VD 3K'  1Q ( QYILRQP HOWO
DQG 2 FRXSDMWRQDOH \ JIHOH IWRP WH 8 QLYHUMW RI %dUMXK &RXXP ELD +HUDUHDV RI H SHUAVH LOFXGH

HOYILRQP HOWCHSIGHP IR®J\ DQG H SRVXIH DWHWP HOWHQYILRQP HOVIZCKHDOK VXUYHIMORH DQG QRQ
FRP P XQIFDE® GIMVHDVH FXWMWY

"5 *$57+- $ 1$9%5%1-%1
389 & +($/ 7+ 217$5-2

" U * DUKIND 1 DYDUDQWQ LV DQ ( SIGHP IR®RIMAE SHADDMDAB XETF + HDOK 2 QIUR 6KH UHFHLYHG D 3K'

1Q 2 FFXSDARQDCDQG ( QYILRQP HWDO+ HDOK [LRP \WWH' DA/ DQD 6FKRRCRI 3XETF + HDOK 8 QLYHUAW RI
7RIRQR WXG\ 1QJ WH DWRADMRQ EHVE HHQ FKHP LFDCH] SRVXUHV 1Q WKH LQGRRUHQYLLRQP HQADQG WH
GHYHRSP HQARI DWKP D 1Q FKITGHIHQ 6KH SUHYIRXM® Z RUINHG DV D 5 HVHDURK $\WRADW Z W WH 2 &5 &
DQG Z DV IQYROYHG LQ D YDUHW R SURMFW LOYHWAS DAQJ WWH FDXVHV RI Z RUN UHDWIG FDQRHU LOFOXGLQ) WH
DWRADARQ EHVE HHQ SHWALGH H| SRVXUH DQG WH UWN RI + RGINQ OP SKRP D DQG DQ XSGDW RI VIKH UWN
RI FDOFHUDP RQJ 2 QWUR XWDQIXP P LOHWY/

"5 &+(5</ 3(7(56
&$5(; &$1$' $ %R &(175()25"' -6($6( &21752/ $1' %& &$1&(5

" U &KHY CB HWAWY LV WWH 6 HQIRUB ALHQWAN RU&DQRHUS LHYHQURQ Z IV WH 968 &HQWH IRU' IVHDVH &RQWRO
DQG %& &DQFHU DQ $GMQPB LRIHWRUZ IV WH 6FKRRCORI 3RSXMMRQ DQG 3XETE + HDOK 8 QIYHUAW Rl
%UIMIK &ROP ELD DQG DQ $ GMQPAS WIMBQWB LRIHWRUIQ WH' HSDUR HOWRI 2 QFR®J\ 8 QLYHUAW R
&DODU  6KH LV WH 3UQASDOQYHWI DVRURI &$5(; &DQDGD DQG KRGV D 3K’ 1Q RAFXSDMRQDODQG
HOYLLRQP HQWDCK\ JIHQH + HUUHVHDURK | RFXVHY RQ RFFXSDMRQDCH, SRVXUH DWHWP HOWWKH [P SDPWRI
VH DQG JHQGHURQ RAFXSDMRQDCH, SRVXUH DQG H SRVXUH 1Q FRQWXPURQ 6KH LV DQ H SHUAIQ VRDU
DGIDARQ H SRVXUH DWHWP HQADQG FROWRY



"5 3+4-33( 6$5%$=1
167787 ( 5(&+(5&+( 52 %57 6$89¢ (1 6$17¢ (7 (1 6<&857< ' 8 75$9$+4 5667

' U 3KIIBSH 6D 1Q Z RNV 1Q WH &KHP IFDCDQG Y4R®RJI LFDOH D] DUG 3 LHYHQWRQ LHVHDUFK JURXS DWIH
5667 +HL/DOR DQ$GMQPNBLRIHWRUZ IW WH ' HSDUR HQARI ( QYILROP HOVBCDQG 2 FRXSDWRQDO

+ HDOM 6FKRRCRI 3XETF + HDOM 8 QLYHUIMW GH O RQWADO+ LV LHVHDURK | RFXVHV RQ RFFXSDMRQDO

H SRVXUH DWHWP HOWDQG H SRVXUH P RGHAX  LOFXGLQI LGHOWN 1QJ GHWALP LODQW Rl RFFXSDWRQDO
H SRVXUH WLRXJIK WIMMAFDCP RGHAJ  + LV LHFHOWZ RN LOFXGHVY DQ DQDOMY RI H SRVXUIHWR P HVibY
DQG IXP HV GXUQJ Z HGLQJ DRRYMWHY D GHVRUSWRQ RI KLJK UMN P XGAS®! H SRVXIH WXDWRQV 1Q 4 X«EHF
Z RINSOFHV DQG GHYHBRSP HQWRI LHFRP P HQGDWRQV | RUGIW KD DUGRXY DOMUQDWYHY VR

GIEKARWRP HWDOH | RUVSHFLLLE LOGXWMHY DQG DSSTDVMRQV

"5 &$7+(5-( 6/$9-
81-9(567<2) 25(*21

" U &DW\ 6MYINLY D %DQWQ] 3RWERFRLDCE HVHDUK ) HIRZ DQG &RXUMV 5 HVHDUFK $\WRFLDW DWIKH
&HQWH | RUSFLHQFH &RP P XQIFDARQ DVWIAH 8 QLYHUMW RI 2 LHIRQ 6KH UHFHLYHG KHU3K'  1Q + HDOK

* HRIWDSK\ ILRP 0 FO DVMUS QLYHUAW DQG KHUO DWMURI 3 XEQE + HDOK LQ ( QYILRQP HOWCDQG

2 FPXSDWRQDO+ HDOK 1 LRP WH 8 QLYHUMW RI 7RUIRQIR 3HYIRXV® VKH DOR Z RUNHG DV D UHVHDURK
DWRFADW Z WK 2 &5& 6KH LOYHWAS DAV HQYLLRQP HQVBCDQG RAFXSDMRQDCH SRVXUHV DQG GHYHRSV
HYLGHQFH EDVHG VRR® | RUUMN FRP P XQIFDARQ DQG HGXFDMRQ + HUFXUHQAWHVHDURK H| SRUHV KRZ

P DSV FDQ HGXFDWA WH SXEQF DERXWKDLP | XOUMNV DQG H SRVXUHV

"5 3(7(5 60 -7+
467787()25: 25. $1' +($/ 7+

" U 3HWUGP WK 1V 3 UIHVIGHQWDQG 6HQLRUG FLHQWAMDVAH -QWIMWM | RU: RN DQG + HDOK + H LV DOR D
SIRIHWVRUDWIKH ' D> / DQD 6FKRRCRI 3XEQF + HDOK DVWIKH 8 QLYHUAW RI 7RIRQR +HKR@VD3K' 1Q

6RAD SIGHP IRRI\ 1LRP WH -QWIXW RI 0 HGLFDOBFLHQPH DVIKH 8 QLYHUMW RI 7RUIRQIR -+ LV UHVHDURK
LOWUHW LOFOXGH JHQGHUDQG VH Gl HIHQFHV LQ Z RUN DQG KHDOK, WWKH LHIMRQWKLS EHVE HHQ MERXU
P DUNHWIQHT XDOAHV DQG KHDOK RXWRP HY WH @ERXUP DUINHWH SHUHQFHV Rl YX@HWDE®! JURXSV DQG
WHQGV1Q Z RINQJ FRQGIMRQV RYHUWP H
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