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7KH &UXFLDO 5ROH RI :LOG $QLPD(
(FRV\VWHPVY DQG WKH 6HUYLFHV W

" TVNNBSZ GPS QVCMJD VOE
(FOFWB 'FCSVBSZ




7RGD\ RQ :RUOG :HWODQGV 'D\ WHQ SDUW®HY U CRIDWK
DUH ODXQFKLQJ D QHZ UHSRUW 7DNLRQ $\QUP XOYH@DW R
WR SURWHFW DQG UHZLOG D ZLGH UDDHW CRD QLE/O DZQ GV k
IRFXV RQ EULQJLQJ EDFN FULWLFDO NGILPDWD\OSHFRNVVY
KHDOWKLHU DQG PRUH IXQFWLRQDO DJDLQ

HWODQGYV DUH ZLGHO\ UHQRZQHG DV FUXFLDO HF
ELRGLYHUVLW\ UHJXODWH ZDWHU F\FOHVURMLRUH QRFFHU
IORRGLQJ DQG GURXJKWYV EXW OGHNWHEDWQRR QHNUZHAL W/®
VSHFLHVY SOD\ WR PDNH WKLV DOO SRVVLEOH

7KURXJK DQ H[WHQVLYH OLWHUDWXUH MW YH¥YIZG HQ BH R
KRZ DQLPDOV DFW DV HFRV\WWHP HQJLQH DWW L PKSHRULC
VWURQJ HIIHFW RQ WKH KHDOWK RI W FRNOBWWMR VG LAKHH
KDELWDWVY IRU RWKHU VSHFLHV LQFUHDRNM\VQWWWPU L}
SURGXFWLYLW\ GLVSHUVH VHHGV DQE RRARKGH ZHREWJ DIQ.C
RWKHU VR FDOOHG HFRV\WVWHP VHUYKFHHVQWKHFDMSR @
WKDW ILVK VKDUNV FUDEV VHDELUGUDGXVWKV VHDHRW V
EHDYHUV PXVNUDWYV PDUVK OLYLQJ GHGXFNLSBRVVHEO'
VOXJV VQDLOV HYHQ DQWV DQG WWR NEKELYBNSQ/D W

VWUHDPV VHDJUDVV PHDGRZV HVWXDULHV FRD
VDOWPDUVKHV PDQJURYHV NHOS IRUHVWYV DQG FRUDO
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W PLIKW FRPH DV D VXUSULVH WKDW

e WKH GLVSHUVDO RI VHHGV RI PRUH WKDQHRWWVRBBHEEBH
ILVK HYHQ SOD\ D FULWLFDO UROH IRYHPDOH QWWDR SLLI
IRUHVWY FORVH WR ULYHUVY DQG VWUHDPV LQ WKH $P

e PLJUDWLQJ VDOPRQ VSHFLHV DORQJ WKH 3DOFIDLF
QXUWXUH WKH PRVW PDMHVWLF WHPSHUDWH UDLQIRL

e ZDWHUELUGY KHOS D ZKROH UDQJH RI DO XDWD F XD IH
DQG WHUUHVWULDO SODQWV DQG HYHQ QLW NHVV
SRQGV DQG ULYHUV LQ WKH ELJJHU ODQGVFDSHYV

(OHYHQ FDVH VWXGLHV IURP WKH ZRUN RRII VR W QR B DF
5HZLOGLQJ $OOLDQFH LQ $VLD (XURSKHW®QR VMDKH @ H)\W & |
RI ,QGLD 9LHWQDP DQG WKH 'DQXEH 'HOWBU BRQWNF
FUD\ILVK LQKDELWHG VWUHDPV LQ WKH ,WDRQLDVXHSSFH
IHWKHUODQGV ZLWK GRPHVWLF ZDWHU EZXH®O® VZ L WIKY |
IUHVKZDWHU SHDUO PXVVHOV DQG WKH ODSUHHEWWLE 2}
ZLWK FDS\EDUDV MDJXDUV DQG PDUVK GHHURGL ODOWVR
VKDSH WKHLU KDELWDWV DQG KRZ WKH UD WH BRUGV'D
LQIOXHQFH WKH FRDVWDO DUHDV RD@® H ¥HQ OFRA) WHIIR
LQYDVLYH SODQW

fah b

7KH PRUH ZH ORRN WKH PRUH ZH UHDO WM GRHGLQWHC
YLWDO DUH WKH VHUYLFHV WKDW ZHWOD QCR D\YMWHR V
KHDOWK DQG KXPDQ EHQHILW
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,Q VDOWPDUVKHY SUHGDWRU\ FUDEV FRQWURDVVRYDLO
ZLWKRXW WKH FUDEV WKH ZKROH VD ODNSRMHU DK G BROVR §
ZLWK LW DOO WKHLU EHQHILWY W RWDROAK AU V %6 XMR RRWAK B
LOQWR WKH VRLO ZKLFK DOVR FDQ HBRVW WHM GHBORW
KDYH EHHQ IRXQG WR VXSSUHVV WKH ZERQGULO@EN RD WK
GRZQ HIIHFW WKDW FDVFDGHV WR ERWKJ1WkK UHDE ) PG X
PDUVK HURVLRQ 7KHVH UHVXOWY VKRZ WKBHBHWOWRUR R LA
DQLPDOV FRXOG EH D VWURQJ EXW XQGHR WDISI UHRFLD R
FRDVWDO ZHWODQGV DQG VXJIJHVW WKDWHWOKRY WHREX QH
WKH HURVLRQ RI VDOWPDUVKHY DQG EXIHOGUUNWYILOLHQF

+LSSRV EHDYHUV ZDWHU EXIIDOR WDRBWHKWYUW XUDDO K §
GUDPDWLF HIIHFWV RQ ZHWODQGV KHOBQ® P RERHPD MWL G
KDELWDWVY WKDW FDQ EHQHILW KXPDQWRQVD LAQEMHX GD
JLYLQJ D UHOLDEOH VRXUFH RI IUHVK DMV HP S R W\D @ W
FOLPDWH H[WUHPHV FRQWLQXH

o R ; 2.7 j _-)H-.I- e &

)LVK PLJUDWLRQV DUH UHVSRQVLEOH IRU H®HUWGNFD:
PDWHULDOV DQG RUJDQLVPV B6DOPRQ VWRXIKR XK OIHG
DPRXQWYV RI QXWULHQWY IURP WKH VHD WA RDDMHEG HF R
WKHVH HIITHFWV KDYH GHFOLQHG EXW V\DDPWR VQJDORD UF
ZH UHPRYH REVROHWH GDPV ZHLUV DQG RWKHU REVWU
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6HD ELUGY UHHI VKDUNV DQG SDUURKHDOKVEURH ARVBQ\
DQG RQFH VHDELUG FRORQLHV UHWXUQ WHRH Q HL.OQUYED VILWY
UDWV UHPRYHG FRUDO UHHIV EHQHILGAKH DVR XWOKH SUDEQV |
QXWULHQWY WKDW WKH ELUGV EULQJRRQWRKLRH ODRIG.
DQG FRDVWDO SURWHFWLRQ

.HOS IRUHVWYV LQ FRDVWDO UHJLRQV RDVWHARIOGDMWI
SURYLGH HFRV\VWHP VHUYLFHV YDRA@WM®R LG RMOKID U QIR
6HD RWWHUV DUH YLWDO WR FRQWURDQW KHAKSR & XHDW I\
7KH HIWLUSDWLRQ RI RWWHUV WK U RBX¥IKOK R GI\RIQNIHKOCBV | K
WKHLU UHFRYHU\ KDV RIWHQ VHHQ WSKH INCHIO® IARKUHAY RV
SUHGDWRUV VXFK DV VHD VWDUV OREVWBOWRMD QG O/RPH
WR UHFRYHU WKURXJK WKH HVWDEOLVKRBHRWKR U SRRV
RQ HIWUDFWLYH SUHVVXUHV
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7KH UHSRUW XQGHWSRYNWD QFKH RI FRQQHFWLYLW\ DQ
LQWHUGHSHQGHQFH SURYLGH/GVEHDERUBBOWHWXUQ IURF
RFHDQ WR QHVW LQ PDQJURYHV WKH\ KUPQDJURWHLI
SODQWYV WKDW DOVR EHQHILW QHDUEBWREDDW B Ol KDE L7
DV WLGDO IORZV GLVSHUVH WKH QXWULHQWYV

&RQVHUYLQJ VHDELUGYV LV WKHUHIRUH QEM MK MR SIRLC
PDQJURYH SURGXFWLYLW\ UHVLOLHQFHIXDOWLBQRYDW®Y
VHUYLFHV ODQJURYH IRUHVWY SURYLGH D RD®JIH |
SURWHFWLQJ FRDVWVY IURP VWRUPY DQG®RAQRYLRQREQG

$OWKRXJK DOO RI WKHVH H[DPSOHV EHGHGQIW HKXMD
VHUYLFHV ZLOG DQLPDO VSHFLHV LQWZRH KOG ¥ XIDOWR.
GLUHFW ZD\V ,Q ,QGLD WKH 6DUXV FU BIQIHWKDKDBHHDF
IDUPLQJ DV WKHLU QHVWLQJ VLWHV S$BRYHWH JIRDAMG
LQVWHDG RI WKH W\SLFDO UHHG DQGBUPHGYHW RKWE K @ Of
DQG VRZ FURSYV HDUOLHU
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7KH QHZ VWXG\ JLYHV DEXQGDQW HY IRXH QR WRDW WRK |
WKH H[WUDRUGLQDU\ DQLPDO VSHFLHV WKD@GNVNQKDELW

+RZHYHU WKHVH NH\ ILQGLQJV H[LVW IWRIG®HNVEQ HW &
GHIDXQDWLRQ RI ZHWODQGV LQ ZKLRKHBXGE D QQPPR\
ZHWODQGV DURXQG WKH ZRUOG OHD GNIQRQ\ DVR® H F RW
WR ELJ UHGXFWLRQV LQ WKHLU IRUPHU IVEGBGDRIFMHGI
SURWHFWLQJ ZHWODQGV RI LQWHUQDWURB[D® I®ISRRBRW
DURXQG DSSHDU WR KDYH D QHDU LQWDBW YN HP EOQ.
ZLOG DQLPDOV WKDW ZRXOG KDYHMREHHQ WKHUH \HD

7KH ZLGHVSUHDG ORVV RI KHDOWK\PDLOD\G BRSXOHMALR G
WKRVH VSHFLHV KLJK LQ WKH IRRG FKDL®DW KRSKLEU
UHDFKLQJ HIIHFWV RQ HFRV\VWHPV DIDEL OPR B/R WARD WR V H
OHJDIDXQD GRZQVL]LQJ ILVKLQJ GRZODWKWHHIRRG! |HHFE
FRDVWDO DQG LQODQG ILVK SRSXODWLWQVEXBHQBQW!
SRSXODWLRQ G\QDPLFV HFRV\VWHP SURGHGE VE\V ODQG H\
ROG DQG ZLVH LQGLYLGXDOV RI PDPPDOVD ULIQHS VL VIK |
UHSWLOHVY DQG RWKHU VSHFLHV PXVW DOVR EH IDFWRU

6LPSO\ SXW ZLWKRXW WKH SUHVHQFH DQG WKMH@PIHNRKRL D
ZLOG DQLPDO VSHFLHV ZHWODQGY FDQQRWWMRKRQFWLRQ |
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$PLG D JOREDO GHFOLQH LQ ZLOGDWIH DKWFER DQOWERQRF
DQLPDOV LQ FRQVHUYDWLRQ SROLFLHVXGN KRX WBE QH V
RSSRUWXQLW)\ IRU PRUH HIIHFWLYH ZHWOD 06 WLRQN RU |
QHZ ZD\ IRUZDUG WKDW UHFRJQLVHV WKE&LPDWOHQWLDO

'KLOH WKLV VWXG\ UHSUHVHQWVYV RQ®PDWL]HQEWUDAQ
NQRZOHGJH RQ ZLOGOLIH HFRV\VWHP WRQWKRWUR®QXO
XQGHUVMRKWHH QHHG WR SODFH ZLOG DQLPDO VSHFLHV
HFRORJLFDO IXQFWLRQDO DJHQGD RI WX HHMWPNVQGVERQY

WLV WKHUHIRUH WR EH ZHOFRPHG WNKMH&G WKHV&EBERIRQ

ZLOO EH GLVFXVVLQJ LWV ILQGLQBHP ZIQMKR D FER X QWR LVQL
SROLFLHV
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7KH PLVVLRQ RI *OREDO 5HZLOGLQIG$SWRHDIDREDYD WRZK
PRYHPHQW ZLWK WKH DLP WR PDLQVWUH®ROUH\Z DAGEA
SUDFWLFH JOREDOO\ E\

7KH $OOLDQFH LV D SDUWQHUVKLS RIZIUWELOG LSO RD QI
3DUWQHUV ZRUOGZLGH ZRUNLQJ DFURVV DOO FRQWL
FXUUHQWO\ KHOSLQJ WR LQIOXHQEBOXLRK WHZNP® GRU QJ DR

PLOOLRQ VT NP RI VHD LQ FRXQWULHYV
m m m m m m
m m m m m m
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k *OREDO 5HZLOGLQJ $OOLDQFH
Z77Z JOREDOUHZLOGLQJ HDUWK
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