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ORGHOOLQJ WKH ¢
VXSSRUWLQJ WKH

ODUN (QQLV

6XEPLWWHG IRU ([DPLQDWLRQ RI
'RFWRU RI 3KLORVRSK\

&HQWUH IRU +XPDQ &RPSXWHU ,QWHUIDFH 'HV
6FKRRO Rl ,QIRUPDWLFV
&LW\ 8QLYHUVLW\
IRQGRQ

2FWREHU



/(DEOH RI &RQWHQWY YR

3DJH
$SSHQGLFHV

D 3UH WHVW TXHVWLRQQDLUH

E 7TXWRULDO GRFXPHQW IRU O('/,1(

F 4XHU\LQJ WR HYDOXDWLQJ WUDQVLWLRQ GDWD

G 6HDUFK TXHU\ KLVWRULHYV

D 7TUDQVLWLRQDO SUREDELOLWLHY DQG IUHTXHQFLH
D S3UH WHVW TXHVWLRQQDLUH /LEHU 375&

E 3RVW WHVW TXHVWLRQQDLUHYV /LEHU

F SRVW WHVW TXHVWLRQQDLUHYV 375&



$SSHQGL[ D 3UH WHVW TXHVWLRQQDLUHV IRU PH
0('/,1(

4XHVWLRQQDLUH SHI BB BBBB

7KL VHFWLRQ LV GHVLIQ WR DVVHVV \RXU HGXFDWLRQDO EDFNJURXQG
3O0HDVH DGG DQ\ IXUWKHU FRPPHQWY WKDW \RX IHHO DUH KHOSIXO RL

JRU WKH SXUSRVH RI WKLV VWXG\ GHILQLWLRQV IRU WKH IROORZLQJ V

,QIRUPDWLRQ UHW WLQAYPROP SXWWHP EDVHG VI\VWHP ZKLFK FDQ EH XVHG
SDUWLFXODU WRSLF HJ /LEUDU\ FDWDORJXH VI\VWHP S\WFOLW O0OHGOL

6HDUFWKH VHHNLQJ RI LQIRUPDWLRQ WR VDWLVI\ D VLQJOH WDVN

,QIRUPDWLR@ OHMHG DULVLQJ IURP WKH ODFN RI NQRZOHGJH UHODWLQ

+DYH \RX HYHU FRQGXFWHG D VHDUFK IRU LQIRUPDWLRQ XVLQJ WK

<HV BBBBBB
1R BBBBBBR WR

,I3<HV™ $W ZKDW DSSUR[LPDWH GDWH GLG \RX ODVW XVH WKLV"

'DWH

+RZ PDQ\ VHDUFKHYVY KDYH \RX SHUIRUPHG RQ OHGOLQH LQ WKH SDV\
D <HDU BBBBBBBUFKHYV

EORQWK BBBBBBBUFKHYV

+RZ PXFK WLPH ZDV VSHQW LQWHUDFWLQJ ZLWK WKLY GDWDEDVH DW

BBBBBBEBBBB

.V WKLV D WA\SLFDO PRQWKO\ DFWLYLW\

<HV
1R

, I 31R” ZKDW LV WKH DFWLYLW\ IRU D WA\SLFDO PRQWK

1XPEHU RI VHDUFKHYV
, QWHUDFWLRQ WLPH SHU XVH RI WKH V\VWHP



&DQ \RX OLVW WKH IDFLOLWLHYV WKDW \RX XVH RU QRUPDOO\ XVH Z|
HJ WKHVDXUXV ,QGH[ VHDUFK RSHUDWRUV HWEF

'R \RXU VHDUFKHY JHQHUDOO\ IRFXV RQ D VLQJOH VXEMHFW DUHD
HJ] FDUGLRORJ\ DQG FDVXDOW\ SROLF\

0OXOWLSOH 6LQJOH
+DYHHRMBUIRUPHG VHDUFKHYVY RQ RWKHU LQIRUPDWLRQ UHWULHYD

DUWLFOH LQGH[ HWF

<HV BBBBB

1R BBBBBIR WR
3OHDVH ILOO LQ WKH WDEOH DERXW LQIRUPDBWVRQPRHWKLHYDO V\VW
'DWDEDVH QDWHWEDVH WYWHEHU RI VHDUFKHV MHMUVEHYWG NVILQQHGW KH
HJ OHGOLQH J WH[W DVYWLRBHIHWULHYDO R IDBIKRWRD VKIRXQ W R

/LEUDU\ FDWBI@RIHYDOVBWEVI\ DQ LQIRUPDWLRQ QHHG
HWF



,V WKLV D WA\SLFDO PRQWKYV DFWLYLW\

<HV
1R

,/ 31R" SOHDVH ILOO LQ WKH WDEOH EHORZ IRU WKH DFWLYL

'DWDEDVH QDWHEDVH WVYSHEHU RI VHDUFKHV MHDMURE HQYWG M VILQH GW K H
HJOHGOLQHJ WH[W DDWMAGHUHWULHYDO RI IDERWRD VKIRRKQ W R
/LEUDU\ &DWDORWUHHYDDWHWR DQ LQIRUPDWLRQ QHHG

HWF

,Q ZKDW \HDU GLG \RX ILUVW XVH DQ LQIRUPDWLRQ UHWULHYDO V\
<HDU

,] OHVV WKDQ \U DJR LQ ZKDW PRQWK ZDV WRQWK

+DYH \RX XQGHUJRQH IRUPDO WUDLQLQJ LQ WKH XVH RI LQIRUPDW

<HV BBBBBOHDVH ILOO LQ WKH WDEOH EHORZ RQ WKH |
W ULDQ.D
1R BBBBBIR WR

7\$1 Rl WUDLQ«BDU RHYHO RI ,QIRUPDWUP®H RI WKH VEBWEMPMFW DUHD

HJ FRXUVH WWKDALRHEXPDW LR Q@BI@ RIUHY DDUDIWWHP RQ WLPHG DW
ERRN SDPSKOHW DG®E WUDLQLSHFLILF OHGOLQH /LEUDHUU FRPSXWHL
RWKHU LI RWKHU SOHDVH <HV 1R V\VWWHP HWF PHGLFLQH HWF
VWDWH ZKDW XQGHUJUDGXDWH

HWF



3OHDVH ILOO LQ WKH WDEOH DERXW \RXU EHKDYLRXU ZKHQ \RX DU}

6 XEMHFW WRSLF DUHDW MRVWK RIGQRIUDIDDYFKLQJ FRDVIRD RBEBDAMKIRREH R V
VHDUFK IRU LQIRUPDWLBRSRI®W EDVHG &RPSXWHU EDVHG % RWK

3OHDVH ILOO LQ WKH WDEOH DERXW WKH GDWDEDVHV \RX ZRXOG Q
KHQ \RX VWDUW D VHDUFK GR \RX KDYH D FOHDU SLFWXUH RI WKH L
WKLV SLFWXUH RI WKH LQIRUPDWLRQ UHTXLUHG DV \RX XVH WKH GD

'DWDEDVH QDPH ,QIRUPIMWIRQUHG
&OHDU DW VWDWWHORSHG XVLQJ

GDWDEDVH

,Q JHQHUDO KRZ RIWHQ GR \RX SHUIRUP WKH VDPH VHDUFKHV DW C
VHDUFK IDLOXUH RU GXH WR WKH RFFXUUHQFH RI WKH VDPH LQIRUP|

BBBBBBIHBBHB 7LPHV UHWXUQHG WR WKH VDPH VHDUFK WRSL

&RQVLGHULQJ \RXU HGXFDWLRQDO EDFNJURXQG VHDUFKLQJ \RX KL
LQIRUPDWLRQ HJ WH[W ERRNYV KRZ IDPLOLDU DUH \RX ZLWK WKH

6 XEMHFW 1RW DW DOO IDRNWOBUDPLOADIVNMWIDPLOLDHUN IDPLOLDU
1R SUHYLRXV $ZDUHQHVYV RIYRPBIHGIH RI(MBKHUW LQ WKF

NQRZOHGJH WRSLFV ZLWKNVNQ WKHVXUH DMIGHW RZIMWFK/ LQ

VXEMHFW DUHDQFRUSRUDWHXRQRZWKGQH RI

WKH VXEMHFWBREMB FW DUHD

$ 2EVWHWULFV
% *HQHUDO

OHGLFLQH
& &DUGLRORJ\

3XEOLF
+HDOWK
( THXURORJ\

) 2QFRORJ\



3OHDVH OLVW DQ\ HGXFDWLRQDO TXDOLILFDWLRQV RU MREV KHOG

6 XEMHFW DUHD\SH RI HGXFDWRERRWDEBGXFDWLRQDO
PDWHULDO ERRINMLQLQJ HJ FRXUVH RU
SDPSKOHW D QW XRWRKH. D OL"
RWKHU SOHDVH VWDWH
ZKDW

2EVWHWULFV

*HQHUDO
OHGLFLQH
&DUGLRORJ\

3XEOLF
+HDOWK
IHXURORJ\

2QFRORJ\



$SHQGL[ E 7XWRULDO GRFXPHQW IRU WKH 0('/,1

SHI 1R BBBBB

/UDLQLQJ PDWHULDO DERXW WKH OHGOLQF
V\VWHP

7KLV WUDLQLQJ GRFXPHQW RXWOLQHV WKH VHDUFKLQJ ODQJXDJH DQC
7KLV LQIRUPDWLRQ ZLOO DLG \RX LQ WKH SURGXFWLRQ RI HITHFWLYH
LQIRUPDWLRQ WKDW VDWLVILHV \RXU UHTXLUHPHQW

OHGOLQH ODQJXDJH ZKLFK DOORZV WKH FRQVWUXFWLRQ

7KH OHGOLQH VHDUFK ODQJXDJH DOORZV \RX WR SURGXFH FRPSOH[ D¢

7KLV VHFWLRQ RI WKH WUDLQLQJ PDWHULDO ZLOO ILUVW LQWURGXFH
VKRZ WKH VWUXFWXUH RI YDOLG VHDUFK VWDWHPHQWY IRU WKH GDWL
XSSHU ORZHU FDVH LQVHQVLWLYH



OHGOLQH 2SHUDWRUYV

OHGOLQH VHDUFK RSHUDWRUY DOORZ WKH FRPELQDWLRQ RI WHUPV LC
VWUXFWXUHY DUH PDWFKHG E\ WKH FRPSXWHU DJDLQVW WKH DUWLFO

2SHUDWRU
$1°

25

1($5

127

$FWLRQ SURGXF[HW®SOH 5HVXOWV

)LQGV DUWLFOHMMWOKDMD $1' FISUMWAFOHY DUH UHWXUQH
FRQWDLQ ERWK RI WZR WKH V\WVWHP ZKLFK
WHUPV LQF OBROMKY OH[LD

DQG FKLOG 7KHVH WHUP
PD\ RFFXU LQ DQ\ Rl WKH
ILHOGV IRU DQ DUWLFOH
WLWOH DEVWUDFW HWF
)LQGV DUWLF O HMWOKDMD 25 OHMKUWQLRISHUDWRU DOORZV
FRQWDLQ HLWKGIWRBRBLEORWKHVWKH VHDUFK WR EH NHSW
RI WZR WHUPV EURDG DQG FDQ EH XVHG
WR EURDGHQ D SUHYLRXV
VHDUFK ,W H[SDQGV WKH
QXPEHU Rl DUWLFOHYV
GHHPHG DV UHOHYDQW W
WKH WDVN DV LW UHWXUC
DUWLFOHV LQ ZKLFK WKH
WHUPV DUHLSWKHUH QW
WRJIJHWHHU
VHSDUDWHO\
)LQGV DUWLFOHMYWOKDMD 1($5 BKMOGOHY ZLOO EH

FRQWDLQ ERWK RI WZR UHWXUQHG RQO\ LI WKH
WHUPV LQ WKH VDPH WHUPV JIZMWWK DQ H
VHOQWHQFH WKH SUR[WHKIHVN\ R

VDPH VHQWMKQFH
WKLV FDQ EH XVHG WR
QDUURZ WKH DUWLFOHV \
DV UHOHYDQW LI LW LV
H[SHFWHG WKDW WKH WH
DUH WLJKWO\ UHODWHG V
HDFK RWKHU

J)LQGV DUWLFOHMKMWOKDPMWD 127 DGKXOIWDOORZV \RX WR

FRQWDLQ RQH WHUP EXW H[FOXGH DWWRKOHYV

QRW DQRWKHU DUH NQRZQ WR EH ZLWKL
WKH VXEMHFW WRSLF DUt
WKH VHDUFK EXW DUHQYV
UHOHYDQW WR WKH WDVN
DUH WU\LQJ WR SHUIRUP
7KXV WKLV DOORZV WKH
QDUURZLQJ RI WKH
DUWLFOHV ZKLFK DUH
UHOHYDQW

)LQGV DUWLFOHBVHXIGDW DX $UWLFOHV DUH UHWXUQH

FRQWDLQ D WHUP LQ D ZKLFK )UHXG LV WKH
VSHFLILHG ILHOG DXWKRU

JLQGY DUWLFOKMWOKDMD :,7+ FMUYGUHWULHYHYV DUWLFC
FRQWDLQ ERWK RI WZR LQ ZKLFK WKH WHUPV

WHUPV LQ WKH VDPH ILHOG G\VOH[LD DQG FKLOG
RFFXU LQ D VLQJOH ILHOC
LH LQ WKH WLWOH DEV\
HWF



9DOLG 6HDUFK 6WDWHPHQWYV

7KLV VHFWLRQ VKRZV WKH YDOLG V\QWD[ IRU VHDUFK VWDWHPHQWYV
ORFDWH WKH LQIRUPDWLRQ UHTXLUHG SUHFLVHO\ DQG ZLWK WKH XVt
VHDUFK VWUDWHJLHY LQ WKH OLJKW RI VHDUFK UHVXOWV 7KHVH IDFL
UHVSRQVH WR LQIRUPDWLRQ JDLQHG ZKLOVW VHDUFKLQJ DLGLQJ LQ
EH VROYHG 7KHVH YDOLG VHDUFK VWDWHPHQWY DUH DOO HQWHUHG |

7\SH RI VHDUFK 6\QWD][ (IDPSOHV
6SHFLILF WHUP WHUP G\WOH[LD
FKLOG
7HUP ZLWK WUXQFD\SDR® BRIGDBKKVUP KDHP
DOO FRQFHSWV ZKLFK LQFOXGH WKH FKLOG

OHWWHUV JLYHQ E\ WKH VHDUFKHU
7HUP ZLWK ZLOG FD WGW MRSSD WWXOV"W H U FFBRSCRU'W
DOO WHUPV ZKLFK LQFOXGH WKH WZR FK"OG
VWULQJV JLYHQ DURXQG D FHQWUDO G\VO"D
XQGHILQHG VWULQJ
%XLOGLQJ RQ D SUH BIHDM KBIOWBRWHJI\B1XPEBORRG
UHTXHVWYV 6HDUFK2SHUDWRU WH2EBPEORRG
1($5 EORRG

3KUDVH ZKLFK LV WRVEHPP/'WBRHWBHIUP QHZ \RUN FLW\
LWV HQWLUHW\ DQG WKXV WHUPV ZKLFKOHDUQLQJ GLVDELOLWLHYV
RFFXU LQ WKLV RUGHU DQG
SUR[LPLW\
3KUDVH ZLWK K\SKH@WUP WHUP GUXJ DEXVH
7HUP RU 3KUDVH OLRHVUHPG, WR. IDOIG MGG Q WH XICH U1 D X

(QJOLVK ,1 FS
0OXOWLSOH WHUPV FRWELR BBDUAKIB2SHUBRRISWIHMFS\ 25 FDQLQH
RSHUDWRUV $OORZIEGDDFYBRESAKDWRU B\WWMH[LD 25 FKLOG
EH JLYHQ D PRUH FRPSOH[ DQG G\VOH[LD 25 OHDUQLQJ
LQWHU UHODWHG VWUXFWXUH GLVDELOLWLHV $1' FKLOG
0OXOWLSOH WHUPV VMWSWPD WH®& FE\ WHUP KHDUW OXQJ OLYHU
VHPL FRORQV LQ ZKLFK D VHSDUDWH
VHDUFK LV LPSOHPHQWHG IRU HDFK
RI WKH FRQFEYSWKHYHY HQ
ZLQ®W EH F RIPE LDQCHIG
7KXV WKHUH ZLOO EH DQ DUWLFOH VHW
IRU HDFK RI WKH WHUPV EHWZHHQ
WKH VHPL FRORQV
$Q\ RI WKH DERYH FDWQHEW 6HDUFK 2SHUDBWRZSWHUPUW 1($5 SXSS\
JURXSHG ZLWK SDUHQWKRKBZSHUDWRU VOKXQR 1($5 FDQFHU $1°

FDXVHV

OHGOLQH UHWULHYDO IDFLOLWLHYV

6HDU®»dKORZY VWUDWHJILHY WHUPVY DQG VHDUFK RSHUDWRUV WR EH
SURJUHVVLYHO\ UHILQHG XVLQJ OHGOLQH VHDUFK RSHUDWRUV WR OLC
7R SHUIRUP D VHDUFK
7\SH WKH VWUDWHJ\ WR EH XVHG LQWR WKH VHDUFK WH[W HQV
3HUIRUP WKH VHDUFK E\ FOLFNLQJ RQ WKH 6HDUFK EXWWRQ



JLIXUBHDUFK 6FUHHQ 6HDUFK WH[W HQWU\ DUHD

ODUN DUWRKDHMH VFUHHQ YLHZ RI WKH GDWRWRMHNFUHHQ
DV UHOHYD®WB6HDUFK ,QGH[ 7KHVDXUXV

(QWHIH VD XYFEXWHHQ
3HUIRUP D 6HDUFK
&RPSXWHU 6XJIJHVWYVY WHUP
ZKLFK PD\ \LHOG EHWWHU
UHVXOWY WKDQ WKRVH HQ
BUHYLRXV VHDUFK VWUDWH

6KRZV DUWLFOHY UHOHYDQ
WKH VWUDWHJ\ VHOHFWHG

/[LPLWV WKH VHDUFK VWUD\
VHOHFWHG WR D VSHFLILF
JURXS HJ <HDU

(GLW WKH VWUDWHJ\ VHOHI
&OHDU VHDUFK KLVWRU\ OL

1XPEHU RI DUWLFOHYV

CEL ST o PreZESc fot o efZ THfEETe t— "% fZ fof ecZEes PDWFKLQJ \RXU VWUDWHJ\
T o %o\
[ f2¢onh Z foehZ $coh Z Ses_teiN Z 10N 7 o%Tco%oh
[ Zf..—"4e. t'SfZ %"~ Zcon £—""8>+<*Z\ hppi $,Z oi<i€[ on~heh $UWLFOHY 5HWULHYHG
[ eehj*kmpk
[
S 9LHZ $UWLFOHV XVLQJ WKH
L BUHYLRHV +$W5HOLW IHI WH 6HDUFIM |XOO VFUHHQ
THUPV KLW 9LHZ DEVWUDFWGG WHUP
VHOHFWRUYV RQ 211 KLIJIKOLJKWHG

LQ D DUWLFOH WR
WKH VHDUEFK

&XUUHQW VHDWBMKURMWHNRHY FRA VDK HGYMER WK N U IBHD UG KWK HH Q
DUH UHXVDEOH WKURXJK WKHLU VHOHFWLRQ DQG PRGLILFDWLRQ
7R UH XVH D SDVW VHDUFK VWUDWHJ\
6HOHFWLRQ LV SHUIRUPHG E\ GRXEOH FOLFNLQJ RQ WKH VWUD
ORGLILFDWLRQ FDQ EH SHUIRUPHG LQ WZR ZD\V
D &OLFN RQ WKH UH W\SH EXWWRQ DQG DPHQG WKH VWUDW
FKDQJHG XVLQJ WKH OHIW DQG ULJKW FXUVRUV DQG HC
E 8VH OHGOLQHV VHDUFK RSHUDWRUV WR DOWHU WKH JUDQ
FDQFHU
3HUIRUP WKH VHDUFK E\ FOLFNLQJ RQ WKH 6HDUFK EXWWRQ

(PSOR\LQJ RSHUDWRUV WR QDUURZ DQG EURDGHQ VHDUFKHV

OHGOLQH DOORZV WKH SURGXFWLRQ RI FRPSOH[ VHDUFKHV LQ ZKLFK V
XVHG WR GHYHORS D QDUURZHU RU EURDGHU VHOHFWLRQ RI DUWLFOH
WHUPV XVHG E\ HLKHMDOX MWW EHWKH FULEHG ODWHU WR ZLGHQ WKH VF
RU HIWHQGLQJ WKH VHDUFK VWUDWHJ\ XVLQJ $1' DQG 25 RSHUDWRUV
FKLOG ZKHUH LGHQWLILHYV WKH VWUDWHJ\ QXPEHU



3HUIRUPLQJ ODWHUWBUPHDUGRORGHG LQ WKH DUWLFOHV UHVXOWLQJ |
VHOHFWHG XVLQJ WKH PRXVH DQG WKHQ VHDUFKHG IRU GLUHFWO\ ZLV
6HOHFW *WHUP" ZLWKLQ WKH UHFRUG E\ GRXEOH FOLFNLQJ RQ
& OLF N $SR@ WKRH 6EDDWW R Q
& O LF N 6RI@® WERKM W R Q

1RWH 7KLV GRHVQTW QDUURZ GRZQ WKH VHDUFK EXW LPSOHPHQWYV D

,QGHSF)SKDEHWLFDO OLVW RI WKH WHUPV IRU YDULRXV ILHOGYV DQG IL
GDWDEDVH DQG WKH QXPEHU RI DUWLFOHV ZKLFK FRQWDLQ WKH WHUF
ILHOGV

7R 6HDUFK WKH ,QGH]
&OLFNQ B/HEKWW R Q ,RG MHROM FIWK BPVH Q X  L6H BVIKIRKIK HV D X U X V
VFUHHQ
7\SH D WHUPGHQ WHKHW RQWEGEBUMBUHHQ ILIXUH 7KH
DOSKDEHWLFDO OLVW RI LQGH[ WHUPV DOWHUV WR PDWFK \RXU
&OLFBKWEMWWRQ WR GLVSOD\ WKH DUWLFOHV DVVRFLDWHG ZL\

1 % <RX FDQ ORRN DW WKH DUWLFOHV DVVRFLDWHG ZLWK DQRWI
DQG FO L FOKRA XWKAR Q

7R XVH LQGH[ WHUPV LQ \RXU VHDUFK
6HOHFW RQH RU PRUH WHUPV 7R VHOHFW PXOWLSOH WHUPV K
FOLFN RQ WKH GHVLUHG LWHPV
&OLFOIHWKBEXWWRQ 7KH WHBPYD WFEKS KD WAIBRGYW BMKHK VFUHHQ
,/ \RX KDYH VHOHFWHG PXOWLSOH WHUPVY WKH GDWDEDVH FRPI

JLIXUHQGH[ VFUHHQ
,QGH[ WH[W HQWU\ DUHD

/IRRN XS WHUP LQ WKH LQGHI

&KDQJHV WKH LQGH[ ILHOG
WR EH VHDUFKHG WKH GHID
LV DOO ILHOGV HJ DXWKR
DEVWUDFW HWF

6KRZV DUWLFOHYV UHODWHCG
WKH WHUP VHOHFWHG

,PSOHPHQWY D VHDUFK RQ
WHUP VHOHFWHG

S5HVXOWLQJ WHUP PDWFKHYV
DQG QHDUHVW QHLJKERXUYV

1XPEHU RI DUWLFOHV LQ
ZKLFK WKH WHUP RFFEXUV

1XPEHU RI WLPHV WKH WHU
RFFXUV LQ WKH GDWDEDVH

9LHZ RI UHFRUGV LQ ZKLFK

WKH WHUP FDQ EH IRXQG
TKHVDXUKKNHVDXWXD OLVW RI FRQWUROOHG YRFDEXODU\ RQ ZKLFK W

7KLV HQDEOHV \RX WR VHOHFW DQG VHDUFK IRU VIQRQ\PY UHODWHG



WRHU7KH KLHUDUFKLFDO QDWXUH RI WKH WKHVDXUXV DOORZV \RX WR \
VSHFLILF QDUURZHU WHUPV WR EH XVHG LQ \RXU VHDUFK

7R ORRN XS D WKHVDXUXV WHUP
&OLFRKWWEXEXWWRQ RUHVBOBWRWILKEPHQX WR HQWHU WKH
7KHVDXUXV VAWHHOXUH
7\SH D WHURHV® X\WUH W H [MQ B QROWRFANIMESHW WRQ 7KH SHUPXWHC
LQGH[ LV GLVSOD\HG ZLWK WHUP \RX W\SHG KLJKOLJKWHG
.1 GHVLUH G7 HU®L FI RAUKBRWIWRE® WR VHH GHWDLOV DERXW WKH W
GHILQLWLRQV VFRSH QRWHV DQG EURDGHU DQG QDUURZHU WH

7R VHDUFK IRU WKH WHUP
&KRRVH D W\SH RI VHDUFK IURP WKH VHDUFK RSWLRQV DUHD

¥ 6LQJOH VHDBFKHV IRU MXVW WKH WHUP \RX KDYH VHOHFW

¥ ([SORBGHDUFKHYV IRU WKH VHOHFWHG WHUP SOXV DOO RI L
LQ WKHVDXUXYV
&OLFBIHWKAK 1RZ RU &£QG® WRQ/IRQO\ IRU DUWLFOHYV FRQWDLQLQ.

¥ 6HDUFK MRZUFKHYV IRU WKH WHUP LPPHGLDWHO\

1 $66 WRDAGWWKH WHUP WR WKH OLVW WR EH VHDUFKHG IR
IRU VHYHUDO WKHVDXUXV WHUPV E\ FOLFNLQJ WKH VHDUF

JLIXUH 7TKHVDXUXYV

7TKHVDXUXV WH[W HQWU\ DU}
'LQ63,56 0('/,1(

(OOH ..GOW 8WLOHV 2SWLRQV 9LHZV 8HOS /IRRN XS WHUP LQ WKHVDXU X

L 'DWDEDVH 6HDUFKMVBIBMW D U
TKHVDXFXVEGWYV

3HUPXWHG ,QGH| *LYHV FRPSXWHUVY VWRUHG
GHILQLWLRQ IRU D WHUP

OHWKRG RI LQFOXGLQJ WKH
VHOHFWHG LQ \RXU VHDUFK

SHVXOWLQJ WKHVDXUXV WHL

SHUIRUP D VHDUFK EDVHG R
FXUUHQW OLVW RI WHUPV

6HOHFW VXE KHDGLQJV WR E
DORQJ ZLWK WKHVDXUXV WH
V H O HFAWH GL JKWBIRZ IR U
VFUHHQ

9LHZ FXUUHQW VHDUFK VWU
VXE KHDGLQJV LQ WKH WHUF



JLIXUGHXE WHUP VHOHFWLRQ WR DGG WR D VHDUFK

6XE WHUPV DGGHG WR
WKH VWUDWHJ\

3RVVLEOH WHUPV WR
DGG WR WKH VHDUFK
VWUDWHJ\

5HWXUQ WR WKH
WKHVDXUXV



$SSHQGL[ F 4XHU\LQJ DQG HYDOXDWLQJ WUDQVL

7KH 'DUN VKDGHV LQGLFDWH SHULRGYVY RI HYDOXDWLRQ Z
RI VHDUFKLQJ

$FWLYLW\ WUDQVLWLRQV IRU VHDUFKHUV RQ WDVN 2*

$FWLYLW\ WUDQVLWLRQV IRU DOO VXEMHFWY RQ WDVN 2*



$FWLYLW\ WUDQVLWLRQV IRU DOO VXEMHFWV RQ WDVN 3+,

$FWLYLW\ WUDQVLWLR® WRU VXEMHFWY RQ WDVN

$FWLYLW\ WUDQVLWLRQV IRU VXEMHFWYV RQ WDVN 3+



$SHQGL[] G 6HDUFKHU TXHU\ +LVWRULHV

+LJK '"HYLFH .QRZOHGJH

6 XEMHFW +,

7TDVN 2*

SBHTXHVW 1R1XPEHU RI UHFRUGY UHWXHHXH G WLFXODWHG
3,11
&2175%$&(37

R U
)$,/85(
DQG
62&,2
(&2120
62&,2
RU
DQG
5($621
(;3/%
DQG
DQG
&/$66
DQG
81(03/2<
&267
RU
DQG

DQG
62&,2"(&2120,&

DQG

DQG 25%/

DQG

DQG



7DVN *

S5SHTXHVW 1R1XPEHU RI UHFRUGY UHWXHHYHAUWLFXODWHG
&$(6$5(%1
6$)(7<
,1)(&7,21
67%$7
(3,'(0,2/2*

RU
(&2120,&
35,&(
) 1$1&
&267
RU RU RU
RU RU RU
DQG
3/%$1
(/1(&7,9(
/16&6
RU RU
DQG
(0(5*(1&<
85*%(17
DQG
DQG
DQG
6(&7,21
DQG
&(6%5,%1
DQG
RU
DQG
RU
DQG
&203%5
DQG DQG
DQG

35,085<

6(&21'$5<
RU
DQG
DQG

DQG

$1%(67

$1(67
RU
LQ 7
QRW
QRW
LQ 7,
DQG



7DVN 3+,
5HTXHVW 1R1XPEHU RI UHFRUGYV UHWUXHHYHG WLFXODWHG
%/22' 68*$5
*/8&26(
RU
1,3,
0<2&$5',$/ ,1)$5&7,21
0,
RU
&$5',$& $55(67
RU
0$/( RU 0$/(6
DQG
RU
DQG
,03257$1
5(/(9%1
RU
DQG

7DVN 3+
SHTXHVW 1R1XPEHU RI UHFRUGY UHWXHHY A WLFXODWHG
187,218/ +($/7+ 6(59,&( $1' ()).&,(1&< $1' $8',7
1$7,21$/ +($/7+ 6(59,&( $1' ()).&,(1&<
187,218/ +($/7+ 6(59,&( $1' ()).&,(1&< $1' $8',7
1$7,21$/ +($/7+ 6(59,&( $1' $8',7

6XEMHFW +

7TDVN *
SHTXHVW 1R1IXPEHU RI UHFRUGYV UHWMXHHYHG WLFXODWHG
25%/ &2175%$&(37,9( 86(
DQG )$,/85(
DQG 62&,2 (&2120,& 67$786 25 62&,$/ &/$66
DQG 35(*1$1&<
DQG 62&,$/ &/$66
DQG 62&,2 (&2120,& 673786
&2175%$&(37,9( DQG )$,/85(
DQG 62&,2 (&2120,& 67$786
DQG 62&,%/ &/$66
DQG (3,'(0,2/*<
DQG (3,'(0,2/2%<
DQG )$,/85(
DQG 35(*1$1&<
&2175%$& (37,21 )$,/85( $1' 5($6216
&2175%$&(37,21 )$,/85( $1' ,1&20(
DQG 68&&(66
&2175%&(37,9( DQG 68&(66
&203/,$1&( DQG 62&,2(&2120,& 673786 25 62&,%/ &/
DQG &203/,$1&(
DQG 62&,%/ &/$66
3$7,(17 ('8&$7,21 $1' 62&,$/ &/$66
&2175%$& (37,21 )$,/85( $1' 3$7,(17 ('8&$7,21
&2175%$& (37,21 68&&(66 $1' 3$7,(17 ('8&%7,21



7DVN 2*
5HTXHVW 1R1XPEHU RI UHFRUGV UHWXHHYHAWLFXODWHG
&$(6$5($1
DQG (/(&7,9(
DQG 6$)(7<
DQG )(786
DQG 027+(5
DQG ,1)(&7,21
DQG &267
(&2120,& LQ 7, $% 0(6+
&$(6$5($1 LQ 7, $% 0(6+
H[SORGH &(6$5($1 6(&7,21 DGYHUVH HIIHFWV
VWDWLVWLFY DQG QXPHULFDO GDWD
DQG (/(&7,9( DQG (0(5*(1&<

7DVN 3+ ,
5HTXHVW 1R1XPEHU RI UHFRUGY UHWMHHYHAWLFXODWHG
0<2&$5',$/ ,1)$5&7,21
DQG /,3,'6
DQG 08$/(
DQG 0$/( DQG */8&26(
DQG /,3,'6 DQG 0$/( DQG */8&26(

7DVN 3+
S5HTXHVW 1R1XPEHU RI UHFRUGY UHWMHKWY DA WLFXODWHG
())&, (1&<
DQG 1+6
DQG $8',7

L1&5($6(" (). &, (1&< $1' $8',7
&267 DQG $8',7
$8',7 DQG ,1752'8&7,21
DQG %(1(),7
$8',7 DQG 6$9,1*

6XEMHFW +

7TDVN 2*

5HTXHVW 1RIXPEHU RI UHFRUGY UHWUWXHHY DA WLFXODWHG
25%/ &217$&(37,9( 3,// $1' 35(*1$1&<
25%/ &2175%&(37,9( 3,// $1' 35(*1$1&<
25%/ &2175%$&(37,9( 3,// $1' )$,/85( 5%7(6
&2175%$&(37,9( )$,/85¢(
&2175%&(37,9( DQG )$,/85(

DQG (1*/,6+ LQ /$

7DVN 2*
SHTXHVW 1R1IXPEHU RI UHFRUGVY UHWXHHYHAWLFXODWHG
(/(&7,9( DQG (0(5*(1&< DQG &$(6%$5,$1 6(&7,21
(/(&7.,9( DQG (0(5*(1&< DQG &$(6$5($1 6(&7,21
&$(6$5($1 6(&7,21 $1' ,1)(&7,21
DQG (1*/,6+ LQ /$
H[SORGH &(6$5($1 6(&7,21 DGYHUVH HIIHFWYV
VWDWLVWLFV DQG QXPHULFDO GDWD
DQG (1*/,6+ LQ /$
DQG (/(&7,9¢(
DQG (0(5*(1&<
DQG &267
DQG ()).&,(1&<

HF

HF



7TDVN 3+,

SHTXHVW 1R1IXPEHU RI UHFRUGY UHWUHHYHHAUWLFXODWHG
0<2&%$5',$/ ,1)$5&7,21 $1' 0$/(6
0<2&%$5',%/ ,1)$5&7,21 $1' 0$/(6 $1' /,3,'6

/,3' 352),/(6
/, 3" 352),/(6 1($5 0<2&%$5",$/

.7+ 0<2&%$5',%/ ,1)$5&7,21

,1)$58&7,21

/,3' 352),/(6 $1' 0<2&$5',$/ ,1)$5&7,21

0<2&%$5"',$/

DQG

,1)$5&7,21 $1' 0$/(6 $1°
(1*/,6+ LQ /$

%/22" */8&26(

0<2&%$5"',$/ ,1)$5&7,21 LQ 7, $% 0(6+

0<2&%5',%/ ,1)$5&7,21 9HWLRORJ\

PHWDEROLVP

FRQWURO

DQG

(1*/,6+ LQ /$

DQG %/22' */8&26(
DQG %/22' /,3,'6
0<2&%$5',$/ ,1)$5&7,21 $1' 0$/(6 $1' ',$%(7(6
DQG (1*/,6+ LQ /$
7DVN 3+
SHTXHVW 1R1IXPEHU RI UHFRUGY UHWXYHHYHG WLFXODWHG
&/,1,&%/ $8',7
&/,1,&%/ $8',7
DQG 287&20(
DQG ()).&,(1&<
H[SORGH O0(',&$/ $8',7 HFRQRPLFV WUHQGYV
0(',&$/ $8',7
DQG (1*/,6+ LQ /$
DQG ()).&,(1&<

6XEMHFW +

7TDVN *
5HTXHVW 1R1XPEHU RI

UHFRUGYV UHWMXYXHHXHDAQWLFXODWHG

25%/ &2175%&(37,9( 3,//

3,11/

&2175%$&(37,9( 3,//

DQG

)$.,/85(

62&,%$/ &/$66

DQG

3,1/

62&,2 (&2120,& &/%$66

7DVN 2*
S5HTXHVW 1R1XPEHU RI
&$(6%$5

UHFRUGYV UHWMHHXH@QWLFXODWHG
,$1 6(&7,21

&$(6$5($1 6(&7,21

DQG
DQG
DQG
DQG
DQG

3/$11("
DQG
DQG

7TDVN 3+,

3/$11(
(0(5*(1&<
(&2120,&6
(&2120<
0), &, (1&<

35(*1$1&<
%,57+

S5HTXHVW 1R1XPEHU RI UHFRUGY UHWMHHYHGWLFXODWHG

)DLOHG %/22' 68*$5 $1' /,3,'6
*/8&26( DQG /,3,'6
DQG 0<2&%5',$/ ,1)$5&7,21
H[SORGH 0<2&%$5',$/ ,1)$5&7,21 DOO VXEKHDGLQJ



7DVN 3+

S5HTXHVW 1R1XPEHU RI UHFRUGYV UHWMHHYXHGWLFXODWHG
1+6 DQG ()),&,(1&<
1+6 DQG $8',7
1+6 DQG $8',7
"(&5(%$6(" (). &,(1&<
,1()),&,(1&< DQG 1+6

6XEMHFW +

7TDVN 2*
SHTXHVW 1R1IXPEHU RI UHFRUGYV UHWUMHHY A WLFXODWHG
&217%$&(37,9( 3,//
&2175%$&(37,9( 3.//
&2175%$&(37,9(
DQG 25%/
DQG 35(*1$1&<
DQG )$,/85(
DQG 62&,2(&2120,&

7DVN 2*
5HTXHVW 1R1IXPEHU RI UHFRUGYV UHWMXHHY A WLFXODWHG
&$(6$5($1 6(&7,21
&$(6%$5,%1
&$(6$5($1
(0(5*(1&< DQG
QRW (/(&7,9¢(
DQG 0$7(518%/
DQG )2(78$/
DQG (/(&7,9¢(
QRW (0(5*(1&<
DQG ,1)(&7,21
DQG 0$7(518%/
DQG )2(7$/
DQG (&2120,8&
DQG 62&,2(&2120,&

7DVN 3+,
5HTXHVW 1R1IXPEHU RI UHFRUGY UHWUMHHYHG WLFXODWHG
0<2&$5',$/ ,1)$5&7,21
DQG 0$/(
QRW )(0$/(
DQG %/22' 68*$5
DQG */8&26(
%/22' */8&26( $1$/<6,6
DQG
DQG 5.,6. )$&7256
DQG /,3,
DQG %/22' */8&26(

7DVN 3+
5HTXHVW 1R1XPEHU Rl UHFRUGY UHWXHHY HDGWLFXODWHG
&/,1,&$/ $8',7,1*
$8',7,1*
DQG &/,1,&$/
1+6
DQG
DQG ,1&5($6(' ()).&,(1&<
DQG ,1&5($6(' ())&, (1&<



6XEMHFW +

7TDVN *
SHTXHVW 1R1IXPEHU RI UHFRUGYV UHWMXHHY G WLFXODWHG
25%/ &2175$&(37,9( 3,// $1' )$,/85(
25%/ DQG &2175%&(37,9( DQG )$,/85(
25%/ DQG &2175%$&(37,9( DQG )$,/85( DQG 62&,$/ DQ
(&2120,&

7DVN 2*
S5HTXHVW 1R1IXPEHU RI UHFRUGYV UHWMHHY DG WLFXODWHG
& (6$5 $1 6(&7,21 $1' 6$)( $1' ,1)(&7,21
& (6$5 $1 6(&7,21 $1' ,1)(&7,21
& (6%5 $1 6(&7,21 $1' ,1)(&7,21 $1' 6%)(
& (6$5 $1 6(&7,21 $1' ,1)(&7,21 $1' 287&20(
& (6$5 $1 6(&7,21 $1' ,1)(&7,21 $1' 287&20( $1°
(0(5*(1&<
& (6$5 $1 6(&7,21 $1' &267
& (6$5 $1 6(&7,21 $1' &267 $1' (0(5*(1&<
3/$11(" & 6%5 $1 6(&7,21 $1' 6%)(
3/$11(" & 6%5 $1 6(&7,21 $1' ,1)(&7,21
3/$11(' & 6$5 $1 6(&7,21
(0(5*(1&< & 6%5 $1 6(&7,21
& 6%5 $1 6(&7,21 $1' &267
& 6%$5 $1 6(&7,21 $1' (&2120,&6

7DVN 3+,

5HTXHVW 1R1XPEHU RI UHFRUGYV UHWMHHY HGWLFXODWHG
%/22' */8&26( $1' 0<2&%$5',$/ ,1)$5&7,21
%/22' */8&26( $1' 0<2&$5',$/ ,1)$5&7,21 $1' /,
%/22' */8&26( $1' 0<2&$5',$/ ,1)$5&7,21 $1' /,
$1' 0$/(
%/22' */8&26( $1' 0<2&$5',$/ ,1)$5&7,21 $1' /,3,"

w w

7DVN 3+

5HTXHVW 1R1IXPEHU RI UHFRUGVY UHWXHHYHGWLFXODWHG
1$7,21$/ +($/7+ 6(59,&( $1' ()).&,(1&< $1' $8',7
187,218/ +($/7+ 6(59,&( $1' ()),&,(1&<
187,218/ +($/7+ 6(59,&( $1' (). &, (1&< $1' $8',7
1$7,21$/ +($/7+ 6(59,&( $1' $8',7



6XEMHFW +

7DVN 2*
5HTXHVW 1R1XPEHU RI UHFRUGVY UHWMHHYHAWLFXODWHG
28&3
&2175%$&(37,21
&2175%$&(37,21 LQ 7, $% 0(6+
DQG )$,/85(
DQG 25%/
DQG 5($621
DQG 62&,2 (&21
62&,2 (&21 LQ 7, $% 0(6+
&/$66 LQ 7, $% 0(6+
62&,%/ LQ 7, $% 0(6+
(&2120,& LQ 7, $% 0(6+
62&,%/ &/$66 LQ 7, $% 0(6+
DQG 62&,%/ &/$66 25 62&,%/ &/$66
DQG 62&,$/ &/$66
DQG ,1&20(
/2. ,1&20( LQ 7, $% 0(6+
DQG 329(57<
25%/ &2175$&(37,21 $1' )$,/85( 5$7(6
25%/ &2175$&(37,21 $1' &203,/$1&(
25%/ &2175$&(37,21 $1' &203 /(1&(
&203/ LQ 7, $% 0(6+
25%$/ &2175%$&(37,21 $1' &203/,(1&(
&203/,$1&( LQ 7, $% 0(6+
3$7,(17 &203/,$31&( ZLWKRXW VXEKHDGLQJV
DQG 25%$/ &2175%$&(37
DQG )$,/85
DQG 62&,$/
DQG 62&,/$ &/$66
25%/ &2175$&(37,21 $1' 62&,%/ &/$66
&2175%$&(37,21 DQG 62&,$/ &/$66
62&,2"(&21
, DQG 25%$/ &2175$&(37,21
DQG &2175%$&(37,21 DQG )$,/85(
)$./85( DQG 25%/ &2175%$&(37
Y$,/85( 5$7(6
DQG 25%/ &2175$&(37,21
62&,%/ &/$66 RU 628&,$/
62&,$/ &/$66 LQ 7, $% 0(6+
DQG 329(57<
DQG 25%$/ &2175$&(37,21
DQG )$,/85( DQG &2175%$&(37,21
121 &203,
&203/, LQ 7, $% 0(6+
DQG 62&, (&21



7TDVN *
S5HTXHVW 1R1XPEHU RI

7DVN 3+ ,
SHTXHVW 1R1XPEHU RI

7DVN 3+
SHTXHVW 1R1XPEHU RI

UHFRUGYV UHWUWYHHYHHDGUWLFXODWHG
&$(6$5($1
&$(6$5($1 QHDU 287&20(
(0(5*(1&< DQG &$(6%$5($1 DQG
DQG ,1)(&7,21
RU ,1)(&7,21
(0(5*(1&< DQG &$(6$5($1 DQG
&$(6$5($1 DQG
(&2120,& DQG &$(6%$5($1
(&2120 DQG &$(6$5($1
&$(6$5($1 DQG 3/$11("
&$(6$5($1 DQG 3/$11("
(&2120,& DQG &$(6$5($1
(&2120,&
(&2120,& LQ 7, $% 0(6+
&$(6$5($1 DQG $8',7
$8',7 LQ 7, $% 0(6+
(0(5*(1&< DQG '(/,9(5< DQG $8',7
&$(6%$5($1 DQG 0$7(51%/ DQG
&$(6$5($1 DQG 63%)(7<
&$(6%$5($1 DQG (0(5*(1&< DQG

RU (00(5*(1&<
RU (0(5*(1&<

DQG $8',7

$8',7 LQ 7, $% 0(6+
DQG (&21

(&212 LQ 7, $% 0(6+

UHFRUGY UHWUMHHYHGWLFXODWHG
0,
0,
0<2&%5",$/
,1)$5&7,21
0<2&$5',$/ ,1)$5&7,21
+($57 $77%&. LQ 7, $% 0(6+
0<2&%$5',%/ ,1)$5&7,21 25 +($57
DQG %/22' 68*$5
DQG /,3,' 352),/(
DQG 0$/(
DQG /,3,"
DQG %/22' 68*$5
%/22' 68*$5 LQ 7, $% 0(6+

DQG %/22' 68*$5 25 */8&26( 25
DQG ',$%(7.& DQG %/22' 68*$5 25
DQG 68*$5 RU */8&26( RU ',$%(7,

UHFRUGY UHWXHHYHGWLFXODWHG
)2508/ &/,1,&%$/ $8',7,1*

$8',7,1*
$8',7

$8',7 DQG &/,1,&8%/

1 + 6 DQG ()),&,(1&c<

+23,7%/ DQG ()),&,(1&<

$8',7 DQG ()),&,(

$8',7,1* DQG ()),&,(17

$8',7,1* DQG ()),&,(1&<

1 + 6 DQG $8',7,1*

1+6

1+6 DQG $8',7,1*

146 DQG ()),&,(1&<

1+6 DQG ()),&,(1&< DQG $8',7,1*

1+6 DQG $8',7 RU ()),&,(1&c<

1+6 DQG $8',7 RU ()),&,

1+6 DQG $8',7 DQG $8',7 RU ()),&,(1&

1+6 DQG $8',7 DQG ()),&,(1&<
,1&5(%$6(" RU '(&5(%$6(' DQG ()),&,(1&<
,1&5(%$6(" RU '(&5($6(' DQG ()),&,(1&< DQG $8",

0$7(51%/ RU 6%$)(7<

,1)(&7,21 RU 67$7,67
67$7,67,&%/ RU (&2120,&

)2(7%/ RU )(78/

0$7(51$/ RU )2(78$/

", 6($6( 25 &2521$5<



6XEMHFW +

7TDVN *
5HTXHVW 1R1IXPEHU RI UHFRUGY UHWXHWYHAWLFXODWHG
25%/ &2175%$&(37,9( 3,//
25%/ DQG &2175%&(37,9( DQG 3,//
&2175%$&(37,9(
258/
3,11
DQG DQG
62&,2 (&2120,&
DQG
DQG
RU RU
DQG
62&,2(&2120,& )$&7256
628&,%/ &/$66
62&,%/ &/$66
RU
RU RU
DQG
DQG )$,/85(
DQG 121 &203/,$1&(

DQG
7DVN 2*
5HTXHVW 1R1XPEHU RI UHFRUGV UH VMU HHY KA WLFXODWHG
&$(685($1
&$(685($1

(0(5*(1&< &$(6$5($1
3/$11(" &$(6$5($1
0$7(51%/ 6$)(7<
0$7(518/ 63$)(7<
0$7(51%/ DQG 6%$)(7<
)(786 DQG 6%)(7<
)2(786 DQG 6%)(7<

RU
,1)(&7,21 DQG &$(6(5($1
,1)(&7,21 DQG &$(6%$5($1
&$(6$5($1 DQG (&2120,&

RU RU
RU RU
DQG

DQG &$(685($1



7DVN 3+,
SHTXHVW 1IR1IXPEHU RI UHFRUGYV UHWMXHHY DG WLFXODWHG
@ 0<2&$5',$/ ,1)$5&7,21
%/22' 68*$5 /(9(/6
1,3, 352),/(
DQG
DQG 08$/(
DQG
DQG
DQG
1,3, 352),I(
%/22' 68*$5 /(9(/6
%/22' 68*$5
%/22' 68+*$5
DQG
DQG
%[22 */8&26(
DQG
/1,3, DQG
0<2&$5',$/ ,1)$5&7,21
0<2&%$5',$/ ,1)$5&7,21
%[22 */8&26(
1,3,
DQG DQG DQG 08/(

7DVN 3+
5HTXHVW 1R1XPEHU RI UHFRUGY UHWXHKWY HDAJWLFXODWHG
&/1,1,8&%/ $8',7
&/1,1,&%/ $8',7
&/1,1,&%/ $8',7
DQG 1+6
1$7,218/ +($/7+ 6(59,8&(
DQG
())&, (1&<
DQG
DQG
(). &, (1&<
1$7,218%/ +($/7+ 6(59,&(
1+6
DQG
RU
DQG
DQG
0(',&$/ $8',7
DQG
DQG $8',7
(), &, (1&<
DQG
DQG $8',7

6XEMHFW +

7TDVN *
5HTXHVW 1R1IXPEHU RI UHFRUGY UHWUMXHHY HDGWLFXODWHG
&2175%&(37,9( DQG /$ (1*/,6+
DQG 62&,2 (&2120,& RU 62&,2(&2120,& RU 62&,$/
DQG 25$/
DQG )$,/

DQG 3,//



7DVN 2*
5HTXHVW 1R1IXPEHU RI UHFRUGY UHWUMHHY A WLFXODWHG
&$(6$5,81 6(&7,21 $1' /$ (1*/,6+
&(6%$5,$1 6(&7,21 $1°
RU RU /$ (1*/ 6+ DQG &$(6$5($1 6(&7,21
RU &(6%$5($1 6(&7,21 $1' /$ (1*/,6+
3/$11(' LQ 7, $% 0(6+
DQG 3/$11(' DQG (0(5*(1&<
DQG (0(5*(1&<
DQG 3/$11(
DQG (0(5*(1&< RU 813/$11('
DQG 3/$11(' RU (/(&7,9¢(
DQG
RU
DQG 6$)(7<
DQG ,1)(&7,21
DQG (&2120,8&
DQG &267
DQG 5$7(

7DVN 3+,
5HTXHVW 1R1IXPEHU RI UHFRUGV UHWUMHHYHDAUWLFXODWHG
0<2&%$5',$/ ,1)$5&7,21 $1' /$ (1*/,6+
DQG /,3,"
DQG 0$/( RU 0(1
DQG */8&26( RU 68*$5
DQG 0$/( RU 0(1

7DVN 3+
5HTXHVW 1R1XPEHU RI UHFRUGY UHWXHHY HAUWLFXODWHG
$8',7 DQG /$ (1*/,6+
> DQG 1+6
DQG ()),&,(1&<

6XEMHFW +

7DVN 2*
5HTXHVW 1R1XPEHU RI UHFRUGY UHWXHHYHAWLFXODWHG
258/ &2175%$&(37,21
(), &$&<
DQG
62&,2 (&2120,& LQ 0(6+
(&2120,& LQ 0(6+
DQG
(&2120 RU 62&,2 LQ 0(6+
DQG
35,8&(
DQG
LQ7,
121&203/,$1&(
DQG



7TDVN 2*

S5HTXHVW 1R1XPEHU RI UHFRUGV UHWMHHYHAUWLFXODWHG

&$(6$5(%$1

(0(5*(1&<
DQG

&203%5,621 QHDU

ZLWK

0$7(51%/ RU ) (7$/ RU 1(21$7$/

,1-85<
DQG

DQG (0(5*(1&<

0$7(51%/ RU ) (7$/ RU 1(21%$7%/
,1-85< RU 025%,',7< RU 0257%/,7<

DQG (0(5*(1&<

(0(5*(1&< RU 3/$11("

DQG (0(5*(1&< QHDU
(0(5*(1&< QHDU
(0(5*(1&< QHDU
(0(5*(1&< QHDU

| (0(5*(1&< QHDU

DQG

DQG

RU (/(&7,9¢(

6$)(7< RU

6%$)(7< RU

DQG ,1)(&7,21 RU 6(36,6
DQG ,1)(&7,21 RU 6(36,6 RU $1
DQG ,1)(&7,21 RU 6(36,6

120(1

%/22' 68*$%$5 25 +<3(5*/<&$(0,%$ 25 +<32*/<&$(0,%

7DVN 3+,
5HTXHVW 1R 1XPEHU RI UHFRUGY UHWULHYHG4 XHU\ DUWLFXODWHG
0<2&%$5',8/ ,1)$58&7,21
0<2&$5"',$/
*(1'(5 RU 08/( RU )(08$/( RU 0(1 RU
DQG
DQG 7+
8% (7(6 RU
DQG
/.3,
DQG
DQG
RU
DQG 5(9,(: LQ 37
DQG /% (1*1,6+
7DVN 3+
5HTXHVW 1R 1XPEHU RI UHFRUGYVY UHWULHYHG4 XHU\ DUWLFXODWHG
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D 3UH WHVW TXHVWLRQQDLUH /LEHU 375&

8VHU 1DPH 'DWH

OXOWLPHGLD %YURNHU (YDOXDWLRQ

3UH VWXG\ 4XHVWLRQQDLUH

7TKDQN \RX IRU WDNLQJ SDUW LQ WKLV VWXG\ :H KRSH \RX ZLOO IL
TXHVWLRQQDLUH LV GHVLIQHG WR FROOHFW EDFNJURXQG LQIRUPDWL
HYDOXDWLRQ ILQGLQJV JRU HDFK TXHVWLRQ FLUFOH WKH DSSURSL
VSDFH SURYLGHG

:KDW LV \RXU DJH"

$UH \RX

ODOH )HPDOH
'KDW LV \RXU MRE WLWBB{"

WLHIO\ GHVFULEH \RXU PDLQ MRE DFWLYLWLHV"

:KDW W\A\SH RI FRPSXWHU VA\VWHP GR \RX XVH"
3& 3& SHQWLXP I1RWHERRN
ODF ,, VHULHWXDGUD B3RZHUODF SBRZHU%RRN

, %0 ZRUNVWDBAA® ZRUNYV W D2WKRHU



:KDW DSSOLFDWLRQ VRIWZDUH HJ :RUG $FFHVV ([FHO HWF GR

30OHDVH VD\ ZKHWKHU GDLO\ ' ZHHNO\ : RU PRQWKO\ 0

:KDW GDWDEDVH VI\IVWHPV GR \RX XVH"

+RZ RIWHQ GR \RX EURZVH IRU LQIRUPDW LRKD WVLYQ JORKHN DERWHQ G L
IRU LWHPV RI LQWHUHVW EXW ZLWKRXW D VSHFLILF JRDO LQ PLQG

/HVV WKDQ RQFH D ZHHN 2QFH D ZHHN (YHU\N IHZ GD\V $W OHDVW RQFH D

+RZ RIWHQ GR \RX VHDUFK IRU LQIRUPDWLRQ RQ D VSHFLILF WRSLF

/IHVV WKDQ RQFH D ZHHN 2QFH D ZHHN (YHU\ IHZ GD\V $W OHDVW RQFH D

KDW NLQG RI LQIRUPDWLRQ GR \RX EURZVH RU VHDUEFK IRU"

'R \RX KDYH DFFHVV WR WKH :RUOG :LGH :HE"

$W KRPH" <HV 1R

$W ZRUN" <HV 1R

+RZ ITUHTXHQWO\ GR \RX XVH WKH

/HVV WKDQ RQFR @FAHHBINHHN (YHU\ IHZ GBW OHDVW RQFH ®HEBUDO WLPHV D GD\



+RZ RIWHQ GR \RX EURZVH7KRIOWLRVR ORRWLRWORXQG IRU LWHPV RI LC
ZLWKRXW D VSHFLILF JRDO LQ PLQG

/HVV WKDQ RQFH D ZHHN 2QFH D ZHHN (YHU\ IHZ GD\V $W OHDVW RQFH D

+RZ RIWHQ GR \RX VHDUFK IRU LQIRUPDWLRQ RQ D VSHFLILF WRSL

/HVV WKDQ RQFR @FHHBINHHN (YHU\ IHZ GBW OHDVW RQFH ®HEBHUDO WLPHV D GD\

KDW NLQG RI LQIRUPDWLRQ GR \RX EURZVH RU VHDUFK IRU"



:KDW VRUWYV RI SUREOHPV GR \RX HQFRXQWHU ZKHQ \RX EURZVH R

JRU HDFK RI WKH VWDWHPHQWY EHORZ SOHDVH PDUN WKH FKHFENER][ Z
PDWFKHV \RXU GHJUHH RI DJUHHPHQW ZLWK WKH VWDWHPHQW LQ UHO

,Q JHQHUDO ZRXOG \RX GHVFULEH WKH W\SHV RI LQIRUPDWLRQ \RX
UHTXLUHPHQWY IURP UHWULHYDO V\VWHPV RQ WKH IROORZLQJ VFDOH\

*HQHUDOLW\ HLWKHU KLJK OHYHO LQIRUPDWLRQ JHQHUDO RU ORZ C
*HQHUDO VSHFLILF
.QRZQHVV KRZ ZHOO FDQ \RX GHVFULEH WKH LQIRUPDWLRQ UHTXLUHG
'HOO NQRZQ WDUJHW XQNQRZQ WDUJHW
&RPSOH[LW\ RI WKH SUREOHPV \RPO Q\UF PQFH S RV YBIQ G RIHSODHY LR Q VKL S\
&RPSOH] VLPSOH
7\SH R1 LQIRUPDWLRQ UHTXLUHG
WH[W LPDJHV QXPHULF PXOWLPHGLD XQNQRZQ
1XPEHU RI UHVXOWYV UHTXLUHG WR VDWLVI\ \RXU LQIRUPDWLRQ UHTXL

DQVZHU !
(ISHFWHG FRPSOHWHQHVYV RI WKH LQIRUPDWLRQ UHWULHYHG

RWKHU

5HXLUHG FRPSOHWHQHVV RI WKH LQIRUPDWLRQ UHTXLUHG

RWKHU



E 3RVW WHVW TXHVWLRQQDLUH /LEHU
8VHU 1DPH 'DWH
OXOWLPHGLD %URNHU 3RVW VWXG\ 4XHVW

4XHU\ $GYLFH 7RRO
4AXHVWLRQV DUH IURP WKH 6\VWHP 8VDELOLW\ 6FDOH 686 ZKLFK L\
(TXLSPHQW &RUSRUDWLRQ ZKR UHWDLQV FRS\ULJKW

JRU HDFK RI WKH VWDWHPHQWY EHORZ SOHDVH PDUN WKH FKHFNER][ 7
\RXU GHJUHH RI DJUHHPHQW ZLWK WKH VWDWHPHQW

, WKRXJKW WKH DGYLFH DQG DVVLWDQFH ZDV UHSUHVHQWHG LQ D X

6WURQJO\ 'LVDJUHH > @ 6RPHZKDW 'LVDJUHH > @ 1HLWKHU $JUHH QRU 'l

, IRXQG WKH LQWHUIDFH WRROV HIITHFWLYH IRU FRQVWUXFWLQJ DQG

6WURQJO\ 'LVDJUHH > @ 6RPHZKDW ‘'LVDJUHH > @ 1HLWKHU $JUHH QRU 'l

, IRXQG WKH VI\VWHP XQQHFHVVDULO\ FRPSOH]

6WURQJO\ 'LVDJUHH > @ 6RPHZKDW 'LVDJUHH > @ 1HLWKHU $JUHH QRU 'L

, WKRXJKW WKH V\VWHP ZDV HDV\ WR XVH

6WURQJO\ 'LVDJUHH > @ 6RPHZKDW 'LVDJUHH > @ 1HLWKHU $JUHH QRU 'L

ZRXOG LPDJLQH WKDW PRVW SHRSOH ZRXOG OHDUQ WR XVH WKLV

6WURQJO\ 'LVDJUHH > @ 6RPHZKDW 'LVDJUHH > @ 1HLWKHU $JUHH QRU 'L



8VHU 1DPH 'DWH

OXOWLPHGLD %YURNHU (YDOXDWLRQ
8VHU IHHGEDFN RQ 4XHU\ $GYLFH 7RR

4XHVWLRQV IRU GLVFXVVLRQ

7TKH 7TKHVDXUXV

3OHDVH JLYH \RXU IHHGEDEN ZKDW WR \RX WKLQN" ,V LW KHOSIXO

5HVXOWY GLDJQRVLYV

,V WKH UHVXOWY GLDJQRVLY FOHDU DQG PHDQLQJIXO" ,V LI FOHDU KR

%URDGHQLQJ $GYLFH

.,V WKH EURDGHQLQJ DGYLFH KHOSIXO DQG XVHIXO" ,V LW FOHDU KRZ

*UDSKLFDO UHSUHVHQDWLRQ

.V WKH JUDSKLFDO UHSUHVHQWDWLRQ PHDQLQJIXO DQG KHSIXO"



F 3RVW WHVW TXHVWLRQQDLUH 375&
8VHU 1DPH 'DW H
OXOWLPHGLD %URNHU 3RVW VWXG\ 4XHVW

4XHU\ $GYLFH 7RRO

4XHVWLRQV DUH IURP WKH 6\VWHP 8VDELOLW\ 6FDOH 686 ZKLFK L\
(TXLSPHQW &RUSRUDWLRQ ZKR UHWDLQV FRS\ULJKW

JRU HDFK RI WKH VWDWHPHQWY EHORZ SOHDVH PDUN WKH FKHFENER] :
\RXU GHJUHH RI DJUHHPHQW ZLWK WKH VWDWHPHQW

, WKRXJKW WKH DGYLFH DQG DVVLWDQFH ZDV UHSUHVHQWHG LQ D >

6WURQJO\ 'LVDJUHH > @ 6RPHZKDW ‘'LVDJUHH > @ 1HLWKHU $JUHH QRU 'l

, IRXQG WKH LQWHUIDFH WRROV HIIHFWLYH IRU FRQVWUXFWLQJ DQC

6WURQJO\ 'LVDJUHH > @ 6RPHZKDW ‘'LVDJUHH > @ 1HLWKHU $JUHH QRU "I

, IRXQG WKH VI\VWHP XQQHFHVVDULO\ FRPSOH]

6WURQJO\ 'LVDJUHH > @ 6RPHZKDW 'LVDJUHH > @ 1HLWKHU $JUHH QRU "I

, WKRXJKW WKH V\VWHP ZDV HDV\ WR XVH

6WURQJO\ 'LVDJUHH > @ 6RPHZKDW ‘LVDJUHH > @ 1HLWKHU $JUHH QRU "I

, ZRXOG LPDJLQH WKDW PRVW SHRSOH ZRXOG OHDUQ WR XVH WKLV

6WURQJO\ 'LVDJUHH > @ 6RPHZKDW 'LVDJUHH > @ 1HLWKHU $JUHH QRU 'lI

, WKRXJKW WKH V\VWHP UHVWULFWHG P\ QDWXUDO DSSURDFK WR U
UHWULHYDO OHVV HIIHFWLYH

6WURQJO\ 'LVDJUHH > @ 6RPHZKDW 'LVDJUHH > @ 1HLWKHU $JUHH QRU "l
, WKRXJKW WKH V\VWHP PD\ LPSURYH WKH HITHFWLYHQHVV RI P\ UH'

6WURQJO\ 'LVDJUHH > @ 6RPHZKDW 'LVDJUHH > @ 1HLWKHU $JUHH QRU 'l



EOLRJUDSK\

(QRLVY 0 DQG 6XWFOLIIH $* $ FRIQLWLYH PRGHO RI VHDUFK EH
WRZDUGV LPSURYLQJ LQWHUIDFH GHVLJQ IRU ,5 ,Q SURFHHGLQ
ZRUNVKRS %ULWLVK +XPDQ &RPSXWHU ,QWHUDFWLRQ *URXS 7
6RFLHW\ 6HSWHPEHU

(QQLV 0 DQG 6XWFOLIIH $ * &RJQLWLYH PRGHOV LQ ,5 SUHGLFWI
QHHGY 3UHVHQWHG DW WKH VW &RJHQW ZRUNVKRS %LUEHFN &R(

6 XWFOLIIH $ * DQG (QQLV 0 7RZDUGV D FRJQLWLYH WKHRU\ RI ,Q
,(QWHUDFWLQJ :LWK &RPSXWHUV VSHFLDO HGLWLRQ RQ +XPDQ &
,QIRUPDWLRQ 5HWULHYDO

(QQLV 0 3URYLGLQJ WDVN VXSSRUW DQG LQWHUIDFHV WR HQKDQ
'REFWRUDO FRQVRUWLXP %ULVWRO 8.

(QQLV 0 DQG B6XWFOLIIH $* 7RZDUGV D SUHGLFWLYH PRGHO RI
,QWHUQDWLRQDO FRQIHUHQFH IRU ,QIRUPDWLRQ VHHNLQJ LQ FRQV

(QQLV 0 DQG 6XWFOLIIH $* &RJQLWLYH 7DVN ORGHOV IRU ,PSUI
,QIRUPDWLRQ 6HDUFKLQJ 8VHU ,QWHUIDFHV ,Q +&, /[HWWHUV 9RO

6XWFOLIIH $* (QQLV 0 DQG :DWNLQVRQ 6 - (PSLULFDO VWX
QIRUPDWLRQ VHDUFKLQJ ,Q UHYLHZ E\ -RXUQDO RI WKH $PHULFD
6FLHQFH



*ORVVDU\

&RQFHSW $ FRQFHSW LV D FRPSRQHQW RI WKH TXHU\ UHODWL
GRPDLQ DUHD $ FRQFHSW FDQ KH DUWLFXODWHG XV
VIQRQ\P WHUPYV

7HUP 7HUPV DUH XVHG WR DUWLFXODWH FRQFHSWV ZLW
FRQFHSW PD\ XVH RQH RU PRUH WHUPV LQ LWV DUWL

6WUDWHJ\ $ VWUDWHJI\ LV D KLJK OHYHO SODQ RI DFWLRQ GH
DSSURDFK WDNHQ WR UHWULHYDO 6WUDWHJILHV FD(
HJ VXE JRDO DQG IRUPXODWH D VWUDWHJI\ IRU HDFK

7DFWLF $ WDFWLF LV D ORZHU OHYHO RSHUDWRU WKDQ D VW
TXHU\ WR EH DPHQGHG LQ D VSHFLILF VHDUFK VLWXD

,QIRUPDWLRQ$QHMIRUPDWLRQ QHHG LV D XVHUV UHTXLUHPHQW IRU
DOORZ WKHP WR VDWLVI\ RU VROYH D SUREOHP

$FWLYLWLHV $FWLYLWLHV ZLWKLQ WKH VHDUFK SURFHVV DUH WK
SHUIRUPV DV SDUW RI WKH GLIIHUHQW VHDUFK SURFF

3URFHVYV 3URFHVVHV DUH KLJKHU OHYHO RSHUDWLRQV GHVFL
DFWLYLWLHYV

BHDUFK FRQWHKW FRQWH[W RI D VHDUFK DUH WKH FKDUDFWHULVW

VLWXDWLRQ ZLWK ZKLFK WKH XVHU LV IDFHG

,QIRUPDWLRQ 7IKH&H[LRUH WKH FODVVLILFDWLRQ DQG LQIRUPDWL

SROLFLHV PHWKRGVY XVHG WR UHSUHVHQW WKH LQIRUPDWLR
GDWDEDVH
,5 F\FOH $Q ,5 F\FOH LV FRPSRVHG RI WKH DFWLYLWLHV

VWUDWHJILHY DQG WDFWLFV UHTXLUHG WR FRPSOHW
JHQHULF SURFHVV PRGHO

OHQWDO PRGH®LY UHODWHV WR WKH LQIRUPDWLRQ DQG H[SHFWD
DERXW WKH GHYLFH EDVHG RQ H[SHULHQEFH

'HYLFH NQRZO&RQJWLVWYV Rl NQRZOHGJH UHODWLQJ WR WKH FXUU
NQRZOHGJH RI ,5 VI\VWHPV LQ JHQHUDO DQG VWU
NQRZOHGJH

'RPDLQ NQRZORBDHQ NQRZOHGJH FRQVWLWXWHY KRZ ZHOO WKH X
VSHFLILF GRPDLQ RI WKH FXUUHQW LQIRUPDWLRQ QH

*ROG VWDQGD'R® G XMWIDHMGDUG TXHULHV DUH WKH TXHULHV GHY
PHGLDWLRQ EHWZHHQ D GRPDLQ H[SHUW DQG D Gt
GHWHUPLQLQJ KRZ WR GHYHORS WKH SUREOHP

*ROG VWDQGDR®G VWDQGDUG VROXWLRQ VHW FRQVWLWXWHV WK

VROXWLRQ VHZKLFK DUH UHOHYDQW WR WKH LQIRUPDWLRQ QHHG

'RFXPHQW GH¥FGIRFWPRQW UHSUHVHQWDWLRQ DUH WKH FKDUDF
LQIRUPDWLRQ FRQWDLQHG ZLWKLQ WKH UHWULHYDO
DUWLFOH

VHDUFK RSWLRHDWFK RSWLRQV DUH WKH SRVVLEOH FRXUVHV RI DI
GHFLVLRQV VWUDWHJILHYV DQG DFWLYLWLHV LQ DQ\ J

-XHU\ OHYHO7KHVH DUH MXGJHPHQWY EDVHG RQ WKH TXDQWLYV

HYDOXDWLRQUHWULHYHG E\ WKH TXHU\

7HUP OHYHO HXBIOKDDWUHRMXGIJHPHQWY RQ WKH TXDQWLW\ Rl UHVX
WKH GLIIHUHQW FRPSRQHQWYV Rl WKH TXHU\ WHUP RI

$UWLFOH OHYHKHVH MXGJHPHQWY DUH EDVHG RQ WKH TXDOLW\ F



