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QWH DG WK Z RUG WH XVHU, P DWKIQJ SUIRFHW
IV N VR SUIRGXFIQ) KUK TXDON GDWM IRU DG

UHTXHW UHSRUWMQ DQG DXGIHQFH VLI HWQJ %4

SDHY 1Q WH IQGAMM  UFHYH | P DWKIQJ

UHTXHW [IRP P DQ. VRXUFHV VXFK DV SXEQ/KHY

' 63V DQG 663V DQG RWHUGDW HQUEKHY 7KHWH

'V DUH XVHG IRUFRRNH P DWKLQJ  ILMSDUV GDVD

HPDIO WDFNQJ  6' . WDFNQJ DG UHTXHW

EURZ VHUBYHOWDFNQ)  DQG GDVD H FKDQIHV Z IW(

SDUEHY &DSWUQ) DQG @NQI DOWLY GOV DW
VFD®! 1V D VI QUIEDQVMFKQEEDOFKDABIQI H

$ G WK FRP SDQHV QHHG QRWRQD FDSWIUH XVHUDQG GHYLIEH GDVD EXWDOR P DNH M XHY DE®I DQG
DPARQDE®! | RUFTHQW VR XVH | RULHSRUAMY) RURWHUGDVD UHDWG DSSTFDWRQY WY DOR FUXFIDARU
DG WFK FRP SDQHV \R FRP EIQH DOWH ;' SDILY WH {YH FRBIFWMG WURXJK ;| P DWKIQJ 1Q DQ
IGHOWV JWDSK $ Q LGHQMN J UDSK KHSV DGYHWHY J HAD IXGOSIEVWUH Rl D XVHYY XUH. WURXIK
DP DUNHWQJ IXQQHIDFIRW P XGAS0! ELRZ VHY DSSV DQG GHYIFHV ) RUH, DP S®! [L D XVHUBRNV IRU
D SIRGXPWRQ WHUGHNRS FRP SXWU WH DGYHWAVHULY DE®! VR VLI HWWKDWVDP H XVHURQ WHU
P RELGI SKRQH DQG UHDFK WHP Z W DQ HP DICFDP SDLJ Q RUIQ VRFIDOQHVE RUW 6 R W1V VHRI XVHU
! VP DNHV XS DQ LGHQAN J IDSK WDWARUHY WH UHDMRQVKLS EHVE HHQ D XVHWYV SHYWRQDOGHYIEHV
EURZ VHLY ,3 DGGUIHWHV RUKRXVHKR@ GHYLIFHV

$V D UHVX®VDG WFK FRP SDQHV DQG SXEQKHY QHHG VR WRWH DQG RIQ P DQ. GlLIHHQAVGDVD
VRXUFHV © KHQ GHDO Z MK WHVH GDVD VRXUFHV WH P DIQ FKD@QI H IV WDWWDFNQJ W QDY

PD FRPHIURP WH VDP H XVHUP XGAS®I WP HV SHUP LOXW Z KIEK SURGXFHV WILDE\ WAV Rl GDVD

GDI® 7KH P DRUW RI WLV GDVD IV GXSTFDM ' SDILY &RP SDQHV QHHG \R INMGHGXSTEDM GDV

WR NHHS RQD XQTXH FRQQHPUWRQY EHE HHQ | V DQG WHQ MRIQ P XOAS®I GDVD VRXUFHV IQR D

TXHUY DEG! GOV VKPXUH :  IWRXWGHGXSTFDWRQ WH GDVD YROP H LV XVXD@® VR EL] WDAML QRW
SRWIEGI VR XQ D TXHY DIDIQWHYHQ RQH P ROM{V ZRUK Rl GDW 7KH SWREGP VHP V

VML KWRZ DG KRZ HYHU WH VROMRQLY P RUH FRP STEDWG WDQ IWIBADSSHDWY VR EH 2 YHUWH

\ HDY/ / IQHDM KDV WIHG YDURXV DSSURDFKHV EHIRUH VAW RQ D SDIDGLIP  WDWKDV SLRYHQ

IWHDIRUDU H VFD®I DG WDI I LIE. ERW RQ EDUH P HVBADQG RQWH FBXG
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$ XVHU, WDFNQJ \WMP UHFHIYHV RQD SDILY Rl ,' V. QRWDQ HOMH VHARI ' V DWRQFH ) RU
H DP S® ZKHQ D XVHUBRJIV LOR D Z HEVW WH WDFNQ) VA VWP P D\ UHFHYH D FRRNH R HP DIO
KDVK SDIU EXWWH JHQHDOFRRNH P DWKIQ) SURFHW @ IW FRRNIH VR FRRNIH SDILY EHVE HHQ
P XGS®! SDWZHY DQG VR RQ 7KHWDFNQJ A VWP { VBN LY VR EXIES RXVWKH XVHU GHYIEH J UDSK
VWU Z W D MQI®I SDIURI ;' V DQG FUDWY) P RUH FRP SB[ UHDMRQUKISV IURP WHWH 2 QH Rl
WH NH IHTXIWHP HQW IRURXUIGHDOWM WMP Z DV QRARQD VR WRWH DQG TXHY GDVD EXWDOR R
KDQG®! KXQGHGY R WRXVDQGV Rl IQHWRQY SHU VHFRQG D® RWV DO Z KI® RWHU
DSSTFDMRQY DUH XVIQJ) WH W WP XQQMUXSWG GRIQI I X@VFDQ GOV REV RUMIQJ ®I NH. YDOH
RUDQIHNA TXHUHV  %-MGHV KDQGI VXFK D @UH YROP H Rl LQVHWRQY DQG UIHDG BDG WH
VI VWP P XVWEH DE®! VR VFDBI KRU] RQE DV WH EXVIQHW JURZ V

2XU WM DSSIRDFK IQYROHG SWRYIGQ) FODQ DQG  SUHSDUHG IRUIQVHWRQ GDW Rl
DSSIR[IPDM®  WRXVDQG, SDILY SHUVHFRQG 0 RIH WDQ Rl WDWGDV Z DV GXSTEDMV
WDWQHHGHG R EH FEDQHG Z IWIQ D I1HZ P LOXWMV Rl LQVHWARQ 7R LOMADM WH VFDBI Rl WLV
UHTXIWHP HQWIMY Z RUK P HOWRQIQI WDWWLY SURGXFHG P RUH WDQ RQH WADE\ W R WDFNIQJ
HYHQWGDWD SHUGD\ 7 KH FRRNH EDVHG WDFNHUDBQH SURGXFHG P RUH WDQ WIQ WRXVDQG [ LBV SHU
KRXUWR DQDO]H DQG RQH Rl RXU SDWEHY VXSSTHG DERXW  WRXVDQG 11BNV SHU KRXU R
GHGXSTFDM DQG LOQVHWY' LLIHIHOMNVSHY R,V KDYH GLIHIHOAM@H R\ FGN VR VRP H ' V 1Q WH
GDWEDVH QHHGHG VR EH WRUHG IRUMVD IHZ Z HHW EXWRWHUWSHV Rl ' VP D\ QHHG \R EH
VWRUHG |RUP XGAS®I P ROV



2 XU6 HDUFK |RUD 6 ROXMRQ

7KH JUWDSK GDV® P RGHOP D\ WP SWDG WK FRP SDQHV \R W WRUQJ XVHU,' V IQ D JUDSK
GDEDVH 7KH EXIONQ J WDSK WDYHWDOHDWUHV Rl D JUDSK GDWIEDVH VHHP @\H DQHDW ZD\ R
WRWH | V DQG WHU IHDMRQWKISV DQG VR TXIEND GR P XGMKRS TXHUHV ) RUH DP S®I VXFK
IXQPWRQDON P DNHV UHDFKIQJ DQ HP DIOKDVK WURXJK D EURZ VHUFRRNH RUJHMQI D P REL®I
DGYHWWHP HQA!'  WURXIK DQ HP DIOKDVK UIHDAWYHO VP S®I R P SBP HQW+ RZ HYHU Z H IRXQG
WH FRQYHQHQFH Rl JUDSK GDVIBEDVHV Z DV RXVE HJ KHG B\ WH FKD@IQI HV Rl VFDIR VR WH GDV

V] HVZ H QHHGHG

$SW IOHDW ZH Z HIH WU@IG VR W J UDSK CDVEDVH VRGMWRQV IRURXUXVH FDVHV : H FROMGHUHG
P DQ JWSK VROWRQV VXFK DV1HR M$P D] RQ1 HSWQH 1 HEX@* WDSK 71JHY WDSK DQG RWHWY/
$VZIW P RWV ICHDW SIRMFW  Z H SUHIHWHG VR XVH D VHYYHUBIW DUFKIWIRXUH VR Z H FRX@ EH

P RUH FEXG QDWYH DQG VSHQG B HII RWRQ GDVIBEDVH P DIQMCQDQRH

Q WH HQG ZH FKRVH D FRP EIQMRQ Rl WFKQRBJIHV DQG IRBIG RXU RZQ JWDSK TXHY

FDSDELOAHV IDWHUWDQ RN | RUHYHW WIQJ 1Q D VIQI ®1 J UDSK GDVIEDVH : H IRXQG WDWGLLHUHQW
JWDSK VROMRQV FRX@ WRUH O H DP RXQW RI GDV DQG P DNH SUMWV TXIEN P XGMKRS ' TXHUHV

+RZ HYHU 1Q DG WFK WHUH LV RIWQ D QHHG \R P SBP HQMX@WE®! VFDQV IRUH DP S® Z KHQ D
SDUZHU QHHGV R RIQ D FRP SDQ {V XVHU RU GHYIFH GDV® Z W IW RZQ DQG RXVBXWD XVHU
LOMYHPARQ EHVE HHQ WH VER VW WP V' 7KHVH Z IGH TXHUHV SURYHG SUREGP DAF Z W DOWH
JUDSK GDVWIEDVHV Z H WIHG



KHSHVXQV

2 XU H SHUIP HOV ZIW WH YDURXV GDVBEDVH
VROMRQV GHP RQMDWG \WDWS$ P D] RQ 1 HSWQH
FDQWKDQG®! D U H IQHWARQ ®DG DQG Z DV IDU
IRP KM RXU WHTXILHG QXPEHY 2 WHU
GDBEDVHV DOR WAKJJ BIG Z W OUH @DGV : H
IRXQG WDW FRP P HIFIDO VROMRQV VXFK DV
7UHY WSK ZHWMH DE® VR IQUHWWH WHTXILHG
GO EXWKQGHUVXFK D VXEWBQWDO®RDG WZ DV
IP SRME®! IRUWH A\ WP \R TXHY GDVD Z W
H SHAWG SHURWP DQFH : H FRQFOGHG WDW
JWDSK GDVIBEDVHV DUH EHWHUVXIWG | RUD VP DEBU
YROP HRI GDVD P XVIMRQV DQG | RUTXHUHY RIKHU

WDQ | XQWE®! VFDQV

: HDORWHGDIHZ 1R64/ VROMRQV VXFK DV6R @ %DQG + EDVH DQG Z H IRXQG WDVWKH 11QDO
VA WP WAV WDWZ HUH DE®! VR VFD®! DQG KDQG®B! WH UHDG DQG Z UM ®DG Z HH + %DVH EDVHG

$: 6 (05 VROMRQV LQZKIFK ZH P DQXD® P SBP HOWMG JWDSK @\H IQGH HV <HV Z H BMAWKH

DELOV VR GR P XGUKRS @RNXSV 1Q DUEEMDY GLHPARQY @\H IURP KDVK VR FRRNH RUEDFN EXWRXU
LQGH, HV VWRUHG D SUHGHILQHG J UDSK SDW 6R MV SRMEGIH VR TXHY GHYIEH ' V WURXJK D FRRNH

RUHP DICKDVKHV ,Q DGGMRQ + %DVH VFDBIG Z HOFRX@ KDQGB! WH Z UMW @DG DQG DARZ HG XV \R

XQ IX@VFDQ 6SDIN TXHUHV R MIQ WH GDW +%DvH DOR HQDE®IG XV \R DYRIG P DQXDO
GHGXSTFDWRQ EHFDXVH IMKDV XQTXH NH V B\ GFMIQ $J1Q) GDVD HYIFWRQ Z DV DOR DFKIHYHG

Z W WH+YDVH 77/ 1HDWH

$ GMLCDWYH VROMRQY WDWDOR Z RUNHG Z HGIRUXV Z HH SDUNXHWIBN RQ$: 6 6 DQG P XGU®\ HU
GHOXSTFDAWRQ IRUH DP S® Z H IIIMGHGXSTEDMG P IOXW GDVD WHQ KRXUGD 7KHQ ILRP WH
KRXUD GDVD Z H FROQMKFWG D XQTXHVHWRI | VIRUHDFK GD\ WHQIRUHDFK Z HHN DQG VR IRUK
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/ INH VR P XFK 1Q DG WK WHUH LV QR VIQI B IOHUEX@MWIRUP DIQMIQQ) DQ IGHQW\ JUWDSK EXWW
FDQ EH GRQH FRWH | HARYH® XVIQ) WH U KVWMFKQREJ LHV | RUHDFK IXQPARQ

' HGEDWG J UDSK GDVBEDVHV VRXQGHG @\H DQ DIMDPWYH RSWRQ VR EXIES LGHQMV J WDSKV EHFDXVH
R WH QDWDCZ D\ WH FDQ EXI@ DQG VHDUFK. IHDMRQVKLSY DFLRW GDV 7KH FKD@QIH Z DV \R
DFKIHYH WLV LQWH | DFH Rl DQ HQRUP RXV DP RXQAR! LQFRP IQ) GDWD HYHY VHFRQG : HKDG KRSHG
ZHZ RX@ EH DEGIWR IIQG D Z D\ VR RYHUFRP H WL FKDBQIH XVIQJ RWHUWIFKQR®J IHV VR EXICB
DQG P DIQWIQ WH GDVD JWDSK Z KIB! XVIQJ JUDSK GDVEDVH FDSDEIMAHY VR TXHUY IW,Q WH HQG
KRZ HYHU ZH IRXQG WH FROABQAQHHG |RUIX@WE®! VFDQV DQG WDQIHV P DGH WLV DSSURDFK
XQUXFFHWIXO

© H GG DFKIHYH J UDWUXFFHW XMQJ + 96 6( VR EXIC WH JUDSK GIYHIDIIQ) W EXIONQ 77/ DQG
GHOXSTFDMRQ [HDWUHY 7KLY VROHG EXICHQI WH JUWDSK XQGHU®DG Z KIBI Z H BDGHG \WH GOV
QR 6SDIN VR DABRZ KLIK VSHHG TXHU IQ) RYHU@U H GDVHW 7KH FRP EIQDWRQ R +%$6( DQG
6SDUIN SHURWP HG ZH®: H DOR KDYH KDG VXFFHW SUH DJJUHIDWY) WP H VHUHY GDID XVIQU
3DUIXHWRQS: 6 6

7KH VDP H DSSURDFK FDQ EH EXIOZ IW RWHUMP IOUWFKQRE®J IHY EXVWIKLY LV QRZ RXUSUH HUHG
WEFN \WIIW [QR RXU WRBQGEDUG / XCD DUFKIWIRVUH DQG KDV SIRYHQ VXFFHWIXOIQ UHDCYZ RUG
XVDIH
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