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*RDOYR HGXFDWH WKH FRPPXQLW\ DERXW DOWHUQDWLYH IRUPV

$FWLYLWWHBGHQWY UHVHDUFKHG DOWHUQDWLYHHBVPVRD®IG/VEQHB
LQIRUPDWLRQ 6WXGHQWY DOVR GRVG&HOR G VDD BX¥L R R/Z SW RMARE
RI HQHUJ\ SURGXFH HOHFWULFLW)\ 6W XGH@W \D AL HQLWW WGZ WE
$SULO WK ZKHUH SDUHQWY DQG VWXGWRWYD QKR DUBRZREE DQ & HiS
HQHUJ\ VRXUFHV BWXGHQWYVY ZLOO FRQGXVFW DB®&BWXH LD (\HW JH

(QHUJ\ EaRQWWRBEHQWY XVHG WKH *,QWHUPHGLDW HI I+UHLUIW , Q ORAE
HQHUJ\ VRXUFHV DV ZHOO DV FRQGXFWLIH WKWHHNUREQ 6D GEHE®I\
HDFK HQHUJ\ VRXUFH ZRUNV DQG KRZ LW LPSDFWV WKH HQYLUR

BWXGHQW /HDGMHAKVWLSH RI DOWHUQDWLYH HQHUJ\ KDG LWV -
RZQ VWDWLRQ IRU 67($0 QLJKW DQG HR¥XW RQH ZDV UXQ E\ RQH K1
FOXE PHPEHUV ,

&RPPXQL2MHU SDUHQWY DQG VWXGHQW}
QLJIKW

WKHLU HQHUJ\ VRXUFH DQG ILHOG TX

- =
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*RDOYR HGXFDWH VWXGHQWYV LQ VW Qa@\ DQ

SFWLYLWUHVY¥LIJK 6FKRRO 1((" FOXE RUJDQL]IHG
1((" SURJUDP IRU HDFK Rl WKH (OHPHQWDAZR RF
FOXE PHPEHUV KHOSHG DW WKH 1RUWK U RMLRWHX [
GXUDWLRQ RI WKH SURJUDP 6WXGH @W W IKHLONS
ZRUNHG ZLWK WKH VWXGHQWY WR PDNH YLGHR

(QHUJ\ &R QMWWHQMYWS 1((' PDWHULDOV WR WHE __
IRUPV DQG VRXUFHV RI HQHUJ\ KRZ D EDWLF p Sy
FRQFHSWV RI HQHUJ\ HIILFLHQF\ DQG FRQVHU Yl

6WXGHQW /HDXHODUHHWKD® G *UDFH YROXQWHHUHG
DIWHU VFKRRO IRU ZHHNV XQWLO WHKG BUR N N\

1((" VWDWLRQV DQG KHOSHG WKH VWXGHQWV Py~

&RPPXQLWOHY DQG *UDFH ZRUNHG ZLWK HO
DIWHU VFKRRO 3DUHQWYV ZHUH DEOHUMNRDWH M/ K
GLVWULFW ZLGH 67($0 QLJKW

(YDOXDVMMRXGHQWY XVHG ZKDW WKH\ OHDU QHGE
IRU WKH 1((" ILOP IHVWLYDO GXULQJ 67($0 1LJHK
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*RDOV 7R XQGHUVWDQG KRZ D ZLQG WX QELYWHKEZFROQFHSWRXEGGQGHUYWHIILFLHQF\ 7F

HQHUJ\ RXU WXUELQHV SURGXFHG

SFWLYLWIWMKXGHQWY GHVLIQHG EXLOW XDEGQWHEOVHEEH & LWIR WHEOIWK B Z QPG K
ZHLIJKW WKH\ FRXOG OLIW DQG KRZ PXFK SRZHU WKH\ FRXOG S

(QHUJ\ &aRQWWEWHQWY XVHG WKH *:LQG )RU 6FKRR W UNXAVE X Bl
ZLQG WXUELQH EHIRUH GHVLJQLQJ DQG EXLOGLQJ WKHLU RZQ

BWXGHQW /HDGHBRRB®HWHG WKLV DFWLYLW\ DV D FIRXE EXW *J
VKRZFDVLQJ RXU WXUELQH GXULQJ RXU (QHUJ\ ([SR

&RPPXQLOMIXGHQWY ZHUH DEOH WR XVH WKHWRXHKEBLAIH G XWRZQ2
ZRUNV /RFDO FRPPXQLW\ PHPEHUV DUH LQWHKHHWWHGL QG ZDyg
FRDVW Rl %ORFN ,VODQG
E})n (YDOXDVMRXBHQWYV ZHUH DEOH WR 'FN

GHVLJQV E\ FRPSDULQJ ZKLFK WXUE

ZHLIJKW DQG ZKRVH GHVLJQ SURGX}

%):(
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SFWLYLWWHKGBGHQWY XVHG WKH 6QDS &LUFXI-HFWVNULLWDONIRLHFS(CD.
KRZ VRPH IRUPV RI DOWHUQDWLYH HQHUJ\ SURGXFH HOHFW

(QHUJ\ &RQVWBMQXWBHQWY IROORZHG WKH 6QD S XJIKU BX™
WKHLU HQHUJ\ ERRNOHW :H OHDUQHW LYERX Q/GV &R U
FKDUJHYV
6WXGHQW /HDGWNMGKIQIWY ZRUNHG WRIHWKHU WR FRPSO NN | U F
%UD\GHQ ZDV DEOH WR PDNH KLV RZQQRLHFOISMG ZLWKRXW WKH IXLG
VWXGHQWY WURXEOHVKRRW

&RPPXQLWA VKRZHG RIlI VRPH RI RXU 6QDS &LUFXLW,
ILIKW HYHQW

ZLWKRXW WKH KHOS RI WKH JXLGH %
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*RDOVIR JURZ IRRG ORFDOO\ DQG UHG X MK W KAHU R DN SRR U RADWALICR X RO V
$FWLYLWHLKDUYHVWHG RYHU SRXQGV RI RQHHR QNOBDQBL BRKWDKR HIVJ = <
FOXE :H ZLOO FOHDQ RXW WKH JIRUGHQGEB QB @VWHRWU B SFULRS Y DIRL

DUH FXUUHQWO\ SUHSDULQJ IRU RXU BBUVQQSODIHWDE 8 HAX 1QREK

iy

(QHUJ\ &aRQWH@WMDUQHG DERXW 7DWHUWKRQ | WRP(W K© YE LDADXCD WD
PXFK HQHUJ\ LV XVHG WR WUDQVSRUW @RU 2R RF® Q WHBWXEZL R X URKRH |

6WXGHQW /HDE@BBKKILERXS RI VWXGHQWY ZDV UHVSREQMEBUHRRKU KLDFUg

RQLRQ KDUYHVWLQJ H[SHUW +H FRXO® KISRWHIBY RQLRQ HYHQ WKUI #F e F
&RPPXQLWKH RQLRQV DQG SRWDWRHV ZHUHEGR@ED g [\ R K H
KRSH WKDW PRUH VWXGHQWYV DQG W H RKHQ V SDRH HERHAR 4 RX

ILQLVK RXU VSULQJ SODQWLQJ

(YDOXDWHRK®G D VXFFHVVIXO JURZLQJ VHDVRQ DQG

LQ WKH KDUYHVW 'H ZHUH DEOH WRHWHIRKW WB QH 2
IRRG ORFDOO\ A

7
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*RDOVR OHDUQ KRZ WR FRPSRVW ZLWK ZRUPV DQG LPSURYH

$FWLYLWH.I®YPHHGHG WR UHVWDUW RXU ZRUP ELQVIHUR® WYXRPS
VHWEDFNV :H FROOHFWHG DOO WKH WRRG+VRL 6 FIRRIRRXL((J JAVIREW VRUW
DQG ZH PDGH QHZ EHGGLQJ IRU WKH ERURW JUHRX)@(G;\HGmG\NH(F&;QQI;EI\{\LMGJJ&J)BQPG,

FXSV WKURXJKRXW WKH \HDU FROOHFWHG IURP RXU
IHHG RXU ZRUPV

(QHUJ\ SRQWWRHEHQWY ZHUH DEOH WR VHH WKDW UEN RRIBGSHEVLW I QQNKRIXU ZDVWH Z
DPRXQW RI ZDVWH WKDW QHHGY WRGRFWR WKH XODHQ 8 | LIRVV LLKLXHOV IRU WUDQV
RI' JDUEDJH DQG SURYLGHV RXU JDUGHQ ZLWK VRPH QHHGHG QXWULHQW

BWXGHQW /HDEHWXKIQS QJ 1((' FOXE
WDXJKW RXU QHZ PHPEHUV KRZ WR
VSHQW WKH QH[W FOXE PHHWLQJ F(
DQG PDNLQJ QHZ EHGGLQJ B6WXGHQW
ODUJHU FRPSRVWLQJ DUHD RXWVLG
VFUDSV IURP WKH OXQFK URRP 7K
VWXGHQW OHG SURMHFW

&RPPXQLWH QXWULHQW ULFK VRLO |
ZLOO KHOS RXU VFKRRO JDUGHQ DQ
GRQDWHG WR WKH ORFDO IRRG EDQ
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*RDOV 7R EXLOG D GHYLFH WKDW ZL OHOU UADS/XNFHHGWLIKH RDAR K Q D/WVR U RRW
VLQN 7R OHDUQ DERXW KRZ HQHUJ\W\VH LPSDFWV RXU ZDWHU TXDOL

$FWLYLWLIDY) DWWHPSW WR UHGXFH WKH DPRXDW BRRPYWHIRXQWWHG LQ RX
VLQN VWXGHQWY GHVLJQHG EXLOWWDQ® NV WKW HG QNG M YZORWM HURDREQ F H Q
UHGXFH WKH DPRXQW RI ZDWHU ZDVWH 'HRDWHIW ZBIOWYW PDGH ZLWK UHF\FOHG

(QHUJ\ &ERQWH®WDUQHG KRZ PXFK IUHVKZDWHU WKRDUHBHY RQ (DUWK DQG KRZ L
SROOXWHG &OHDQLQJ DQG SXPSLQXWXHO DD WHRP URVXLOHNK HQW U:H
DOVR OHDUQHG WKDW DOWHUQDWLY H RROUWPWRI WRH ZDWHUWH OHVV OLNHO\ WR

BWXGHQW /HDGWNXGKIQSVY ZRUNHG LQ HQJLQHHULQWKWHWDPVY WR GHVLJQ DQG EXLOG
GHYLFHV

&RPPXQLWYLFHVY ZHUH NHSW RQ WKH FODVVURRP VRRE® BQG XVHG WKURXJKRXW WKH VF
WR UHGXFH ZDWHU ZDVWH 7KH GHY LG HYJZAHNW HYUH.WWQ\J KHDOBM X B L REXQ IL O

JUHHQKRXVH SURMHFWY 'H KRSH WR JLYWIKCHYAGWD VORVRY KW W QY WIKFHKLRIUV Z
FODVVURRPYV

(YDOXDWWRK@GHQWY WHVWHG WKHLU GHVLJQV LQ KMKHORZDYWIY'WRRP VLQN DQG PHDVXUHG
RI WKH ZDWHU 7KH EHVW GHVLJQWHKPWHDLGN BV W FRVG OUK B HALIDV WK YRH G
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*RDOVMR UHGXFH ZDVWH JRLQJ WR WKH @MDWQGW.RD W& IBPIK GEWRH RL ¢

$FWLYLWHWHROOHFWHG XVHG . FXSV IURP ERWKWHWIOH KPH.IG\GTO b RD
FOHDQ RXW WKH . FXSV DQG IHHG WKH ERIIWHH JRURK /&KW \8 R CRX

DV SODQWHUV RU IRU FUDIWYV 7KH 1((WHOXEXYD¥ @D VR XOFOWR
WHDFKHUV URRPV

(QHUJ\ &RQWHOQWGLQJ D XVH IRU HYHU\ SDUW Rl WRKUXYBGWH

HYHQ PDNH VRPHWKLQJ JUHDW IURP LW ¥ XMNHGHFRR RCH VIR)RXKEHG MR D URHX D
ZRUPV

6WXGHQW /HDGHRKVKH&EN PHPEHUV RI WKH 1((" FOXE
DQG FRXQW WKHP

&RPPXQLWM\FROOHFWLQJ WKH . FXSV ZH PDNH WKH W
KRZ PXFK SODVWLF ZDVWH WKH\ DUH DFFXIRBXRBRPWLQ

FXS FROOHFWLQJ WR WKH JXLGD Q RH WXH DVAK H U/ RAF
WKH UHXVDEOH . FXSV WKDW ZH SURYLGHG

(YDOXDWLR®H 6HSWHPEHU ZH KDYH FROOHFWHG RY

%\ *DEL ' DQG
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*RDOVR EXLOG DQ DTXDSRQLFV V\VWHP IRU
HQFRXUDJH ORFDO IDUPLQJ WR UHGXFH WK

$FWLYLWDWWLFN UHVHDUFKHG DQG GHVLJQ
IRU WKH VFKRRO DQG SUHVHQWHG KDMWIHGHN
WR VHHN SURIHVVLRQDO DGYLFH DQG UDLYV

(QHUJ\ &ERQWHQWVHDUFKHG WKH KRZ ORQJ
UHVHUYHV ZLOO ODVW XV LI ZH GR QRW UH:

BWXGHQW /HDBEMWUYKEIS KDV GRQH WKH PDMF
DQG SODQQLQJ IRU WKLV SURMHFW FRWNHDL
PHPEHUV LQ WKH QH[W VWDJHV RI WKH SUR

&RPPXQLWN LV RXU KRSH WKDW E\ SURGXFL
JUHHQKRXVH ZH FDQ ZRUN ZLWK WKHG B HA
ZLWK D ORFDOO\ JURZQ OXQFK DQG VKRZ V!
JURZLQJ DQG EX\LQJ IRRG ORFDOO\

(YDOXDWIUIR@H VWLOO OHDUQLQJ

:H DUH WU\LQJ WR JHW DQ DTXDSRQLFRXVWH W
ZH DUH WKLQNLQJ D YHUWLFDO GHXDIRQ KIRXOI
VFUHHQ WR EORFN IUXLW DQG VHHGW QUREVWEQ
VDYH VSDFH $TXDSRQLFV LV D EUD@ELIQRV IDI
K\GURSRQLFV IDUPLQJ ZLWK RQO\ ZIWWH W DD
JURZLQJ DQG VHOOLQJ RI FRPPHUFLP®RVWHDO LR
JURZ WLODSLD IRU ILVK DQG FDEEDWHFRXG ®R \
XVHG LQ WKH FDIHWHULD DW OXQFKRUWWYW IRVUICH

RI IRRG ~ 3DWULEN %\ 3DWUL
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*RDOVR UHGXFH RXU SODVWLF ZDVWH

$SFWLYLWUBVGHQ UHVHDUFKHG GLIITHUHQW PHWKRGV RI
UHF\FOLQJ SODVWLF DQG IRXQG D SRVVLEOH PHWKRG IRU XV WR
EHFRPH D SODVWLF UHF\FOLQJ FHQWHU +H SIHHVHOWHG KLV
ILQGLQJV WR WKH FOXE DQG WDXJKW VWX T WR
VHSDUDWH GLITHUHQW W\SHV RI SODVWLF WKHLU
GLITHUHQW SURSHUWLHYV

(QHUJ\ aRQWH QWVHDUFKHG KRZ SODVWLF LV

PDGH IURP IRVVLO IXHOV DQG KRZ LW LV UHF\FOHG :H

DOVR UHVHDUFKHG GLIIHUHQW W\SHV Rl ELRGHJUDGDEOH

SODVWLF DQG WULHG WR PDNH RXU RZQ XVLQJ FDQROD

RLO FRUQVWDUFK DQG ZDWHU 6WXGHQWYV WL S

6WXGHQW /HDBHDWMKXHS LV QRZ ORRNLQJ DQ RQOLQH D '

LQWR WKH FRVW Rl FUHDWLQJ D SODVWLF VKUHGGHU SODWIRUP WR D
YLGHR DERXW

&RPPXQLW\ KRSH WR PDNH WKH VFKRRO FRPPXQLW\I PRUHEDZDGH RUWNIGDFUREOHP R

SODVWLF ZDVWH KHQ ZH GR EXLOGVRR(UVIR[ZKDHVLK\MEGWM%@QW%DVVHV
WR KHOS LQFUHDVH LQWHUHVW LQ UHFUR®PLQB A EOGHRD 88 WKLQJV

%\ %UD\G
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*RDOVR UDLVH PRQH\ WR VXSSRUW WKH 1((LdGHI

$FWLYLWHLHKXVHG VRPH RI WKH . FXSV ZH FOHDQBIGQDM
VRPH RI WKH . FXSV DQG XVHG WKHP WR PDRNN HOW IR
VXFFXOHQWY DQG RXU . FXS FUDIWV DW WKH VFKRR!

(QHUJ\ &aRQWHQGMWFLQJ RXU ZDVWH LV RQH RI WKHUIN
ZDVWH %\ ILQGLQJ D QHZ XVH IRU RXU ZKIXGKN UBLNVD
PRQH\ WR VXSSRUW RXU IXWXUH SODQV

BWXGHQW /HDBHRRKDSQ DQG -DHO\QQ UHVHDUFKH
VXUH WKDW RXU SODQWY JURZ ZHOO P H RH \WKM\LR \
IRU WKH . FXSV :H DOO ZRUNHG WRXHWV.KFXSWR F(

&RPPXQLWA KRSH WR VKRZ WKH FRPPXQLW\ WKDW '
FUHDWH FRRO QHZ WKLQJV ZKLOH DOVR UHGXFLQJ

(YDOXDWILRKDYH . FXS SODQWHUV IRU VDO®DGX!

% \
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