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AXDGUDWLFEDXNRHEMWAHRHYGMXVWPHQW 6WUDWHJ\ R
SURFRIBRVZHU &R QV X P B®PLIRON/RDIGG

JvPi] U :uv/E]JZAP WPiuM]¥PE]v VIePS]VvP «Zu
D XVLQHKRRO 8QLYHUVLW\ RI 6KDQJKDL IRU 6FLHQFH 7HFKQRORJ\
EIHZFDVXWQ I MY V RAKRKRXPEIWMHDUYV LW\ 1HZFDVWOH &QLWHG .LQJGRP 1(
Fo X VL QFAR/RRHY FDY@QLOMH WY L \§ {8 .

$SEVWUDBWHG RQ MRCH HWERMDY P D UWH O HIRWSWLALLVQV PRG HEH
GHYHOWEBGHDSFZWXSSO\ DQG GIHDAFXQBH LDIDEREMWDLQ WKH RSWLPD
FRQVXPSWDRG GRRBHYHQ UHDWOHOWWHUYHG FRQVXPSWYRQ UHTXLU
VRPHWLPHVLGB Y ODNRE WS W IEFRINOY/ X PESRRBEWDLQHG BKRFKRRGHOV
UHWX@WHUIDRRBHU WRMWHBRZHU FXWGGUHVV DIQK (QJLQWXK L QJ
3URFHVV &R QW UWRNU BKRGIL BERMRERIQHS K LV FSIDEHW RRHR G LITHUHQFH
EHW ZHHR®B WLERD®KQ HUMYHUYHG FRQVXPSWLRB SURTSTDHE® HQW OR
H[SRQHQWLDO ZHLJKWHGWRR 8 UGB RB\B WBKIHDPRGHIBDH \DORAN V
DOVR G HDIGIROWRE® G X D G UPWEHEPOQFGY URIY S R QW FAVBMVAKD O RY P U
SULRIBRZHU SURXHGEHMRDQG UHVSEQ@WQHEMH PWCEMUWR MK W ISH L F H
IXWYWLP H XIORWWKH SHPGHFBMHGXYSWKH RU ORZEUPRKRIWGER Q\
UHV X QW NVWEW W XVDIGH DWLF | X Q F W\WR QDN BID G O IR 1D
SUDFBREBO PDALNHWERBPSDUHG ZLWK W KEHD IHHENHONWI X IDE W LFRHOV K R C
WKHJRSRWXIDG UD WL E DO XBEW X RRHPW KERMF WHDKZHE M X VW P PDOWGE
VW D Q GROB G UHHMIDGKT) 6 MAMVCRVRIF L D O Z @SSR DWKIS SABLLHRUKLQNG HU W K H
VDPH ERXQGDU)\QFRGGMBLRQR UP D QFWRE RWHIESMIRPRQVWUDWHG LW
FRPSHWBOBNXWNQGIOKQO\®IQED ODQFLBURYIUMWKQGHPDQGV
.H\ZRUGPADUW JULG SRZHU ORDG PRQLWRULQJ HQJLQHHULQJ SUR
PRYLQJ DYHUDJH

,QWURGXFWLRQ

7KH GHYHORSPHQWK BV X PEOENXDE@IME D WD DIVNRRIKY X H V
DURWHD UHMPOON®LYQURQPHQ V&N O ISHRDREWRRY KH JOREDO SRSXODYV
OLYH LQ PRGHOUNK FXWREWFFRXQWORQG VXUKBEW LQXWDHELWDQWYV
UHVSRQVLEBH WRWDO HQHUJ\ FR@V &RSRLIVR/QPRIY & KIDX/J KW
PRUH DQG P R UHNKMWMHDWIERKQF ZKPUGEDN) WUDQVIRUPDWLRQ DQG
V X VW D LIQIYEH. VR R WR K H | URHQNLW FRPHY WR HQHUURERQYXPSWL
QXPEHSHRISGIFRPPHQBHQHZDEOH DQGVROK DY/ HH@WRFIY H 5 BID H
WUDGLWLRQDO FRBBUKRR VE R X BROHIFKDUIAL F LW\ AR ZARCMMH QL H Q W
LPSRUW D QWONVRL YRMWKALQL G D U FR{ LWVKHHF W/XUWDHE LW LR Q D@ \B\R R BB HI U L |
WKH ODFN RI IOH[LELOLW\ WWRKAR®HMFWRE ILN\gKRQRD WMIQRIQU W UDQVP|
WIGHUD ZERIFRRPPXQLFDWLRQ QHWZRUN DQG VR RQ

'LWWKH GHYHORSWHQOWMBOGL JHOFHQ WKH 86DBRRSWE VHGE G
6*LQ ZKLFKQRRY *WKH IXWXUH HQRPSD MUIHE SWRHYLRXV JHQHUDV
RI JUL®AD I HWBBILFIOMBQIHKI ILFLBEQG VXVWRRYBEEHHQ VLJQLILFDQ\
LP S U RSP MFIOK UR S @ QEK LRPIF KRV HQ SL O R W*\FIDWMH D [ZKHHE H

2272772227272227227222272272

Z&RUUHVSRQGLQJ DXWKRU
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"L11H U H QW KNHURRS L W IMRKRHDFD Q ULL@BE& XFKL WXO/EROM KD H F W U LLFHDVO IDFLOL W
HQVRWWDEOH DQG UH COLQEE G 8 S0QRIEDROREFEE SDUW RI DQ 6* V\VWH
VPDUW PIHWKH UR'S CHPYHHONIEQ V RRD WMV B R R QRO K& IVERDW [FHKID@ J H
XVHU/G HQHUJ\LRUBNDGHWIVP H

2ZLQJWHRG YD FFRRARPIX QLFDWLR @ KHH BKYRORSPHQW RI VPDUW PHYV
0DQ\ FRXQWULHYV DUH LQVWDOOLQJ VPDUW PHWHUM ® QWEHVWULE >
86 WKH (XURSHDQ 8QLRQ 3N KIHUBDESE®W WD QG RPVIKDYLQJ WK
PHDVXUHPHQWWUDRRALMRE®DO PH\DA VR VRP SAIWHNV WRY GNP LV VLR
I X Q F WMLLIR/QD ERRQWIRGRIO\]H S UH G L F VF FDQ\GX P 59 DIR IDMIRA GV K H
GHYHORBPHQ®WRLPHHBOLFLQJ 5P3X LKOWUBIO OSUHWHQWHG D 6WDFN|
DQSURSMPSAHL GHPDMESROVIHOIRULWKP WR LQGXFH OHVV FRQVXPS
HOHFWUE®LQVR GWIURRYW HQWLR QDO SWXFH MM & VEULAWRLIFIDYD SHDN
ORDG SULFLQJ DQG WRBEURSULPB@LEFLQDQFH HQHUJ\ SURYLVLRQ
W R/EX S S (DLQVEMGHA P D Q G BIW V/ § COHFEMHIBRWY HI DWW G L Q WHPO OLJH Q

7KH PDLQ WDARUWGREEIGRIRM LBV 3 UHVHDUFK \LR FWEROP PHILCP DJWIH
RUGHU WR DSFPLIMYMSIMOKS RYH@BOPH SULFLQJ PRGHO DQG /DJUDQJH
WRD NHKH 573 VW U D WRWHMDANLIY | SWRIDMEID Q) HWRD®LGHUHG D
VRFLDO ZHOIDUH PD[LPL]DWLR @ H\RSGREBME DIV FREGPRSQ HPHHRDQIEU L W\
SUREOHP EDVHG.RRQ@XKH UDRRDGEVGELHRQHUPLQHG WKH EDVLF HOHF\
/DIJUDQJH PXOWLSOLHU> D AKGIL GBI @RI SVHKGREED D UBIRIY H V
PHFKDQLVP IRU 'HPDQG BKIGBK @V QDR HFFOHOML]H WKH NXKRAEXLDI® ZHOID
VPDUW 96DEDIGEW H\OH DIV SKHELQJ DOJRULWKPWBER FUDR LR LY B WWLKRH LK)
DJJUHJDWH ORDG GHPDQG ZLWK DQ LWH UD & KXHHWVRGEK BV RS R \VOHS
DQ H[SHFWDWLRQ VRFLDO ZHOIDUH PD[LPL]DWLRQ PRGHO FRQVL
DSSOLDQFHYV DQG WKH FRUUHODWWR® HRN¥SRIMU FRQVXPSWLRQ R

/DWHEM3 PRGKEHEHHSURVSHURXVO\ GHYHORSHG PIRGBGIOZLGHO\ |
HVWDEODRQIGPEQWR ULWK P8QREHULR DHRPHQUMDUFKLFDO PDUNHW IUDPH.
SRZHU VXSSOLMHF DRI PEOWXDQ HW DWL AFHD FSHJ IXFSL @ I WAR G HWDH DA) G
VROYHG WKH PRGHO ZLWK D K\EULG DOJRULWKP FRPELQLQJ WKH
EUDQFK DQG ERXQG *HPRILKUIMBEN ¥WRFZ DUG DQ HQHUJ\ VDOH DQC
SULFLQJ IUDPHZRUN VGKIB\WM Q4G SIQRW W & MFDIRU P BVAX HWHR RHNF W R |
WKH UDQGRP IOXFWXDW LR Q &W R OFHRFRNZUX EEFEMWITIVERRIQV IK\P\S W/ILLERXQW H G
JHQHWLF 573 VFKHPH IRU VPDUW JULG ZLWK PXOWLSOH XWLOLW\
ELOHYHO SURKMQ PPKBW KR CYERECKHD GLVWULEXWHG JHQHWLF DOJ

$OWKRBRXIRIIHBRS WBHILFLQJ SWE& HFF FOLQUEBAKSIROFEIRVEAX PG W L R Q
ORBGWK VWDEOH DQG UHOLDEOBFIMDSDOEBWLRY LIQHR BAY RRGH O
EDODNYHRQVXPCGRL®EMOWWHHWOPH $SBEZFNHU WKH IDFW LV WKDW F
ZLEM SDWHKERMMH SULFLQW KHIDYHRR W L Q X R X VIOR @\GMPSWWL. R\K B RD G
WBFKLWKHKDHQB UL PISV D U H \DXOWKR QWKHP SWE RPDRBRWGRI FRQWURO
DIJDEZRLFK PDXWKBHWR QRWHVWDELOLWRUYBG U HEGDXIFEN FDOQMA

,Q RUGHW QWREBDQHWWADELOLW\ DQG UHAH D E R DVE\ZHR UBINRIXGY D
WR PRQLWRU WKH XVHUVY HBHIRW UL WKW BFRERORRIBDRQR @ FOORD ® F F
EDVHG ROHWKH GHP D QD Q PBEMNHQWH DFWXDO PRQWMMS WY RQEORD G
WR WKH W K HRKH VEY ANOG RQEQNI MAKKIV/GI UV T H B W BEHKLIFE MRU


javascript:;

XVHWUDWQ KDYH D UHDVRQDEOH SRZHU XVDJH SODQ ZLWK WKH KHOS
'KDWTV PRUH IRU WKLV SODQ WKH\ FDQ DOVR XVH WKH LQWHOO
ZKLPKQN WKH VPDUW DSS5QLBQWHW HURMLKQ BVE HH T R MSHRD! DVF W K U R X J K
WKHUHEKB®HTXLWH DZ KHRZ DBURS QU WOH VKHDZAU KR PRRQLWRU DQG FRQW
FRQVXPSWLRQ O R DUED UBREXV [EGKNMWU WHKIKAX FLQJ WKH QXPEHU RI SULFI

+H H\S URSRERIX QGHG O L Q HWDNU IVERE XDV XMNARHIGI W HFUR/GINGX P SW LR Q
UHTXLUHPH@W\ PIRGKHO WR |IRUHFDVWL@KKH ORHD(ED GNMAHU H Q F H
WRRNQWKEHU RI D &R WRVPRIQWEGMH BKHEIRQ RI D EG&MXYRWP HMP\W D O
HQR G WRKH DO ZHO | IDWEBHBND\GF X WRHGAW DEGD RXBWLYDULDWH FRQ\
FKDUW WR PRQLWRU WKH PHDVXUHG YDULDIHOHSWRQGHWHFW QR
SURFHGXUH WR ORFDWH WKH FWRBFK® BFD® @ERNEQ\R SERWEK WKH QF
ORDG VKHGGLQJ DXWRUHJUHV VLY HVHQ WHI\ USDUM K6 @/FRMRGRX@ KPP ®E HO D
FXVWRPHUV SRZMQ HRW WD HRER@ .\ WXFRWRAMYE D Q RIOMIFOV U L F L W\
EDVHG RQ VWDWLVWLFDO SURFHVW 6RMRYRM ® QK HX UM BULRQ QR
DEQRUPDO RP HQHAWUGBMVWIQHGDDHDLGPHRQLWRUZQU L@@ HDUO\
VXEVI\QFKURQRXV RVFLOODWLRQ V\VWHP WR NH®/S VKW D\YWHP V
VROYHGARKXOHWVDQHRXYV DFWLRQ SURG®WHRY LXYQHG @ R DUEH P R QW WHRHJ DR
DSSODLQREXVW UHDO WLPR ®PRQLWRULQJ DSSURDFK

7R VXPPDMH. (BJLQHHULQJ 3URFHVV &RQWURO (3& VWUDWHJ\
DGMXVWPHQW DQG REWDLQ D VWDEOH FRQVXPSWLRQ ORDG LQ 6
WKHRUHWLFDO FRQVXPSWLRQ ORDG D QWGRWKHIGUWKH U 8K G/ WRQBW Q.
WR PR QLWRIG X\WFKW P H 3 GMNXVRHRHQ W R QMO KHENGHD 5\BERUERHFGI V V
HIFHHGVY WKIQSHU RU ORZH®, @ DQRIDNHBKEHRDGM XVWPHQW LV D *WUI
WKDQ D *BRIQWQVRXREWKHRI WKHZDGMRUWAEBHRQWKH SURGXFW
PHDVXUHPHQWWRIOX D FHWWDN @ ODWRRN DGYDQWDJH Rl WKH (3&
WKH QXPEHU RI VWDII YKH Y LFRIQQ MRHUT & HVER®OUERYW DV WR DF"
EHWWHBHB¥RNOQ GSHW DEOVAXOMWILLDEOH SURFHWSDG M PRGMOQW V
ZKHQ WKH DGMXVWPHR VG FWWWW. D IWPHGEH RI VKLIWV LQ WKH ORFLC
SURYLGHG D VHIDXMWHOVDRBRSBDMNEPHWULF FXPXODWLYH VXP FRQW
HIILFLHQW @D G HRWM WD J Q VXTSIV HRAHDIQLI@®/MNG D FRQWURO FKDUW
WKH HIILFLHQF\ Rl GHWHFWLQJ GHSHQGHQFH VKLIW® LQ PL[HG
'RKO HUMISORWHG.3, FRQFHSWV DQG PRQLWRUHG WKHP LQ WKH P
WKHP IRU D PDQXIDRPWXILOHQ (3&8URFHBWHI\ LV D ZLGHD\ VWXGLHGC
PDQXIDFWXUH DQG WHIWHDRMEXKGHDBEWRSKD 5

,Q WKLV SDSH UR@BH:PRIRIRR/VLOD GOV LF | XQF WW R Q WHEINM XVRV P H
EDODQFH WKH FRQVXPSWLR QVORHNG HEX KD BUMXKDAMPABIRW KOHL Q HD O
IXQF W GRXVWPHGWRSE BBI® HIQ@IGH V\V W HR 68 V\VW KA XVHUV
FDQHVHUYH SRZHU LQD QBRDM D VR WRQRXJK VPDUW PHWHUV DIW
W L P HHISURLAF BVQKHHU J\ S UTRYHIGKHHUN Q H U J P R Q RWVIRBULHUHA HUYHG FRQV XP S
ORRGXVHUX FDOFXODWH WKH \@KHR FIRQ FXESRMVDIRBKO WKHMHUYHG
RQHKLYV SDSHU SUHGLFWV WW K HRLUFHRUW WAXDRSHWE IQ\® 2@ K EDGWH\HH U Y H G
R QUHH V X O W L Q/JP DURP FMHMAH WAKH H[SRQHQWLDO ZHLJKMWMIGHPRYLQJ D
QH[W WVPBIHWORWURYLGHUV PRQLWRU WKH SRZHU FRQVXPSWLRQ
RI WK YDOXKHQ (WRS YDOXH H[FHSHGUORKHHUXESR XK@ GW UR H V



VORMKH HQHUJ\ZEOS WXGANUH/F VB U ILFHAMIEH TXDGUDWLF IXQFWLRQ D
V W U DMWBQIG X\FK#HV HUR FRQVXPH HOHFWHILWD @ M DUG BAWERHOTDXEHG W
DGMXV\WOBFRUMVDIRZHAR QV X P S WWR QGROHG E\ VEK$IOOL@HWD U RQH
VWDIVMQHBH| 7KH@$ KDV EHHQ VWKMKRGOELPDQ\ 3BPDY HW DO
SURSRVHG DQ (:I0RUVE &BBBBLOQD FF X P X O O WRARRQ H W\ BBR@®RF H V V
ORFDWLBRRQ\ H[SHUWV SKW$I REQWMUR® FKDUW FDWHULQJ WR GLI
FKDUDFWHDE&WMDHVHDA PEQRUPDO GLVWULEXWHG (:0$ FRQWURDO
GHWHFW WKH DEQURDLOPDAD GHAW BIDWSHG DQ (:0$ FRQWURO FKDUW
‘LOFR[RQVNPQYWDWLVWLF XVLQJ UHSHWLWLYH VDPSOLQJ WR LPS
FRQWURO FKDUW W R@3EPRRAH\WRRJH D RDIGVGIKINHD B POLP & & WOV H R X V
=DPDQ BWVROQHG DQ DGDSWLYH (:0$ IRU GLVSHUVLRQ SDUDPHWH
7XNH\ V ELVTXPBH IXQFWLRQV
7KH PDLQ FRQWULEXWLRQV RI WKLV SDSHU DUH DV IROORZV
1) $QRYH® G UDWLERXQGE WE RO M X \K\WD ¥ HEHWRB W WBK@/ ¥ ®DSHU WR
PRQLWRU WKH GLIIHUHQFH EHWZHHQ WKH XVHUVY RSWLPDO
ORDR®VSRZHU V\VWHP
2) 7KH SUVFBIGMXVWHG E\ WKOHVEAHW & URN LGHRINM\H B QFON KB HQ W
ORDG GLVBOX®AHFHHGQRW VOIRE KIS FRXQGDU\ E\ XVLQJ D GHPE
PHFKDQLVP IRU WRKHSBUHBHSGHP®WQG UHVSRQVH PHFKDQLV!
XVHUV WR DGMXVW WKHLU FRQVXPSWLRQ UHTXLUHPHQW
3) 2XU SURSRVHG TXDGUDWLF IXQFWLRQ DGMXXN@PWMIQRY) PHWK
DGMXVWPHQW PHWKRG LQ WHUPV Rl SULFH DGMXVWPHQW W
VXSSOLHUVY SURILW 7KH OHVV IUHTXHQWO\ WKH SULFH FKD
4) 7KH SURSRVHG VWUDWHJ\ KDV JRRG SHUIRUPDQB 8 FAL®FXW W |
HQHBURY IDQSRIM YHQWLQJ RI SRZHU VIVWHP EODFNRXWV
7 KHU HRMWWSO.SIMU R U JD Q L ] H G5 IDR/W RROQY R R\G X F WV PHKSIULADQ@J PRGHO
L BHFWLR® |1 HUGW WHDR® WG UDRMHIWRULQJ FKDQJHERWWKHQGWIKHUH Q
WKHRUHWLFDO FRQVXPSW L R QWG G QG WKW IMYEIE XXGDERNRVY K H
PRGHO VLPXODWLRQ ,Q&H B WAHRGW BQWEXNMVNRIHWWH GLITHUHQW
ERXQG WMDLHNOWVDGMXVWPRQWVRHWKREAWRULQJ DERW GRXRWPHQ
FRPSDUH WKH SHUIR USRI RV B B WK B VWM K9 HD\DLES MMI B FOVLLGFHDD R Q H
FDVH VWXG\ L6\H BW Y REHRIGHE O\QLR REVHUYDWLRQ

SHDIOHSU LRBRGHO

ORGINUXPSWLRQ

7KLV SDSHVRPHI FO®WHURIDV WKH REM R VREGH KB BVUHPK  : H
FRQVLVWLQJ RI DQ HED HFZV XV A UW \ LFOR/PASIDERNG) @ XVOPIXANRYURR b1 VA U V
7KHOHFWRBPBSID/Q\ FR®OGERDYD & REPER Q V X P$ WIDRLQHPHI® \WJ R P
HYHUXHQ IXWXUH WKEPRIXY R RARD U W ORHHFWHIUL ¥ L BN & RAPKERDDRO
H[FKDQHWOBMHLFQ | R UPIDW KRKQ UH QW VWLPGVFIMRMY UHFHLYLQJ WKH S
LQIRUPDWLRQ VKRZQ BARMWHKIN V AFEDNK W R\FHE DAY R GOV BBV W H P
WHUHNDAWHHNBHILQHY WKH QXPEZKY RHNWHL2, XMHUNV WKH VHW RI
WKNHEW WLPH SHULRG RSHUDWLQJ WKH XVHUVY MOMEMHJLFLW\ F|

VORWMILQHV WKH QXPEKUY RHIIWL P2, VORWIW WKH VHW RI DOO WLP}

)RU HDFK XVOKUFHQRWH WKH DPRXQW RVIBHRZHQ WRAWKPOIRGWE \
%DVHG RQ WKH GDWD SURYLGHG E\ WKH VPDUW PMWHLY WKH HOC



PD[DFPSRZHHTXLWR MG HU LG YHWLPHtVIORWYV S HF \g DPHIO\
M DM KH FRQVXPHK GKBRZWRE ny Diw iV I\
8WL OXLQWPWRIRVQRPH FODVV RI XVHUV

JURP RIKFHURH F RSRR. DI \R H YL ®R WL HX PRQQHQVWHUQTV XWLOLW\ |
IRGH F UHDLMWWLIND D YWHUX WVRR) VKR Z W K HOWRAMOYWBIFWR BRZHU FRQVXPSW
XIWWKH FRQVXPSWWKSDORBBVELBQGKRZVXWRERZHU FRQVXPSWLRQ
LQWHQAKILE® YDULHV LQ GLIIHUHQW WLPH HWKRDMW VDIQHGU HR UVGQR F
VDW LV ZKHMKRYH UQ RBRR Q VX P H BRIZAKU PW R B ¥ HX MM @RIV X W L O L W\
IX QF W L\R R BKECESQU R S H,UBMLLFOWL. W\ IR R@ W RIQIX\KLILEFKD W YWD KH XV H UV
ZLOO/VQYRW LQFUHDVLQJ WK HLBRIGWKRIB W IPR@7® R DRD X QMDD EHQH I L\
R W KK/ HWV D LQQRFQJ H D V L Q 2 KIXW FWKLIRZY W Z D QY GMMKAHU M DRASULBVOL |
WKH PORERQVXPSWYLRE/KH VDW XUDW LIRSS SRR PO Q REOKWH YV W KD W
XWLOLW)\ IXQFWLRQ ,L \7KH FIRRQRW RXQQ VMR BD VP RIW KU ZRUG V
WKH XWLOLW\ LQ®©B HBBIHV IZAEKHW K H

* HFKRRVH ORJDULWKP VR PHQFODRR\) RO @R BV V

T R )
U xltf ® O DT
© o -1 ot
. 0, if X; 0.
7KH ILUVW SDUWLD®RHVMXNP/ DNWIRBPKERD Y G RIMAROR ZV
w Z
W X+l

W LV LQ DFFRUBBRBMW\ZLWK
7KH PDWEH QB @ WNRH WV D Q G KZIHY H
WU Z
W Ax+lR
)W LV DQERADVLQIQRHMHBMIR BRU W\
7KH ILUVW SDURMLDVR GAHKUH. 6 BW VP& MAHRUDWWI RDW R @ V

ﬂ Inx 11t0
w

'KHQ WKH FRQVXRGWILWRQ/DRDGILHY 3URSHUW\

,Q RUGQHWY MRKIAKXVHUVY FRQVXPSWLRQ ORDG DSDUW IURP HVWI
DOWNRQVLGHU WKH FRRYIREM LHROHFRMM FLW\ S UR WIOGH VWM RF ILHA\ W K
SULFH WKURXIHKWBKMNGRRMIIKMIWKH FRQVXPPWGRQ FRYW EZ¥WH XVHUV

ZHOIDUH | X0Q/F VREREREV

t

we, ) UXZ D) P
ZKHWHI.ZI’) LY WKHIVZHOIDUH LYQIFRHLEBEQOQRXWPH WEOWYWRVIHW

WKH PORZIROIDUWKH\ WU\ WK ID PPOPXWHO LW\ D XPFRNM PLQLP
&RVW IXRFWHEHR EWRPBED Q\
We denote L, as thegeneration capacityf the electricity company it WLPH VORWXP &G

WP [LP PR G WRKBHQHUDW L DY RHS/SRFAdY T Orhe maxinum
generation capacityom electrcity companyis the sum othe X V Hiaxirflum consumption loads
andthe minimum generation capacitfrom electrcity companyis the sum othe X V Hidnhfum
consumption loadm ttime slot, i.e.,



If the users reserve the consumption load before a weetharadectricity company supplies
them in accordance with the reservation, the blackout will not happen resulting from insufficient
power supply in SG.

HGHIMMHDHUISSOCARRWWKH HOHFW UQHALPMY \ARMREIDPRZ V

ClL al® b, cE
ZKHUH.bc! 0 DIBHIGIHW H U P L § B GDPHNaVWeLERuUe function of the electricity
company ipL,. 7TKHQ WKH SUR W WHI X@FHF WRQ RUIW\HER® B /Q \

P(L) Rl C(L)
7TKHHOMOPBULFPRGHO
,Q VWBKM\VWAHH | RACPWRHE WLPLSDWERHPX U WK PORXWLOLW\ RI
WKNWHUV DQGXBHRY WLRILAOHFWWH B Q& KMSQHRdnsEnklddwer cannot
exceed the available capaciy R DW R HGE OHDPAWRHDGNVEN WKH LQVXIITLFLKXQW HOHFWU
WKH 573 PR\G HROO®OWR ZV

\ 8
max | U xi‘,Z@ C L

I
N
st. 1 X dL,i s ,t T,
i1 t
m X .. M, ~i7e
I I 1
I_min L .. Lmax “‘i .l..

ZKHYHWHIHMVIHWUR FRQV X P S\@L\W DREIRYGER WIH U\ MRHWBWLRQ FDSDFLV

LQ WLPtH VORW

%HFDXVH WKH REMHRWIMWHH | P®BERIOR XYQF W L RQFVIMGNV UDL QW
FRQGLWLRQ@LQHDU IXGPWEREBPWKHD FRQYH[ RSWLPL]DWLRQ SURE
VRPH FRQYH|[ SPRIIDPSVQ DV LQWH UL R EDSRLRSND RVRERND MXK P
WKH FRQ\OMPBOIEHREG UDW LR @ ¥\U S/DHEH WHQARRBEWWRIGEY WFIBR)O S U L F H
ZKLFKDQWSRUWDQW EDVLV IRU PRQLWRULQJ DQG DGMXVWLQJ W
7KHUHIRUH WKLV SDSHU W U/DQ V RAHKFENO VEKIHR SO R E CH WV K QUKRY DD J UL
PHWKR®FK WLPH VIOHRW FDQ R ERWILIQP V& HD J U D Q JW KPHKFOUMLYSIOADHQ D
SRZHU FRQVXPSWLRQ7RR DRS \R L RADKCH / RV H DY JH{ CPRVOO LW & HHIO H F W L
SULFH LQ W K DKGHHWA P HOWGRGVH U LDYDDA IDFYE SWERE HVY LV

(3&DGMXVWWHOQOWH J\

BROYLQJ WK SURBOSRQIIH 5DQ RISW LSRKKAHONLPH VORW DQG
WKHRUHWD BRQ VRPVEWE R Q7 KM J\ SFERQYLGHW D VWDEOH DQG U
FRQVXPSWLRQ ORDGKBIFFRHGY R QRHOH B DWRKOWEB®\RSWLPDO SU
D %XVRQEDSSHQGEHU LGHDO FRQGLWLRMHV,QUYRNGWF RRVKXP SWKRQ O
ZKLFK WKH |HIQGBDRNY WBRR X JK W K W NPIEIWM HUWHRPWW KH RSWLPDO

FRQVXPSWLRQHQRIDG H [ W UKHB H VAHDUNMH/G WR Q VX P 8 W HR® GV R\ WWKHH X V|

HQHUJ\ SBRYEOKYH WKH RYHUORDG RU EODFNRXWHQMBHDN WLPF
SURYKBMRQ F U H DY AMUKOHW L Z@ LFKSFZIE®ERHD H U J ADRER VY WA K\Y Q H
SURIFWMUWIKRH)HUJ\ SDRYDGWHNWHHSWIRZ DN KURRPQ DAKFREHVW ZD\ WR
DYRLG WKQREWHKHWRVHUVY WR FRQVXPH SRZHU SURSHUO\

7KH (3& VWUDWHJI\ FDQ KHOS WKH HQHUJ\ SURYL®EHM REWDLQ
&RQVLOMIKHM QGHPDQG UHVSRQVH PHFKIV@IKEPHIRWY K H $GEXODSH. |



GLIITHUHQF W BRWHRWHAROAROQLVEDP SW IZR @/ KO BBRRGBOWKUHHVHRYHG
$IWHU WKDW ZH DGMXVW WKH X3 $IHW RQF 68 RZKAK/AROBRGPRHEV W K
DGMXVWPHDWKHQAHUI\ SURYLGHU PDNHV XVHUV DGMXVW WKHLU I
KDQRQJ WKH SULFH $V D UHVXOW WIORNRHW K H YW IGH RRIGI WXLFFIVDL R Q!
ORDG KDWH RREWRHQOHDVW D GAWKBEWNPW Q WV NZH WIHKHHF DOKX F W XD W L R
UDQJH RI FRQVXPSWLRQ ORDG GLIITHUHQFH LV OLPLWHG WKLV ¢
GLITHUHQFH ZLW K WLKPHR{GHRAD

(:0%$ WWLPDPRIGRHD

7KH XVHUV UHVHUYHG WKH FRQVXPEB@H FE®\ORD Gl RM QDR HQ A HW N
VPDUW PEHBQYGE UWKH UH\DHUNPRMUUIWVRDOMDVHIHUHQFH YDOXH IRU HI[D
FRQVXPEMWIDRQUHPHQW ORDG DQG PDNLQJ D UHDVRQDEOH SULFH

JRU[DFWO\WKWWHQUHHWHQFH EHWZHHQPBWHRORUNRUBHE FRQV

LQVLPH!\DQRWWKH WKXREZBWILWEE BQHMUAQFH DV
Yo X X: ~i 8
'HSUHG LEW IWHKHQF H LY@ IQHKHW W LHEZ MBORW (:0$ Y DSDBOHE/RIXVWH G

GLIIHUHQFAKFfDONWDLOHG REBVDORQRABDPD® SURFHVV

7KH WLPH RHULGYDRUHQEW MPW XtH1, ,1 DQWKH WLPH VHULHV RI1 V
DGMXVWHME RAH 1 7KHQ WKH \(VOSPDOPH IRWKIH. IITHUHQFH YDOXH
Y. L@V IQH WAL P H t VIQ RV

vy Ryc y’g;+27 e A, 0d @
t t

t+1 t 2
ZKHWKH SDUBDPLI-MN‘N@VIW[SEDLLIDLF\NH\WH:I\U WIKGGY FRRWWIDRRD L I\LQ J
ZH JHW

y yc Py
t+1 t t

(38 G M XV W\PUHODMH ¥\
1RZZHFRQVKBHAUWR PDNH WKH GHWWGMY DMMR RVIIDR R VG

GLIIHUHBDRHARAHQLPB XX LOO QRWMKDB GMQWWO (0%, YBIOPHHGYV WKH

ERXQGBU\
Y., tB,Or'Y,, dB, B, t0,B, dO E
Z K H BH BGD U HSWKNHINGXBWHU D EROREBENUHYI WKH PIRQLWRULQJ

VDWLVILHW PWRMH (:0$ WQOKFHHGV WKH ER X QWRIBWM XN QG WERH H G V
W D B JHMVH P X O D W L FK@R 2UJ MAWKOOOW VG LF/X Z RUGWK WR DFKLHYH D VWDE(
VI\VWEHPIL@®ZDWR VHW WKH WDIOJB@GSOESDREBMWAMNLRQ ZLOO
GLVFX\LY WEEIHW D L O

¥ ,VDWLVILHW H[SUHVVHV WKDW WKH UHMMHYW K BPRQNRREG®HE

WKH VWDEOH ERXQGDU\ ,QXRWGE DY RRB\BAMSIMEL RUGK HWKMVH BQH U J\ S
WDNHV PEWHABERE®DQG UHVORQVP FRHFMVKH SR BXEHWIWAH XVHUV \
FKDQJH WKHLU HOHFWRERLWY H FOQ V WDERRHR Q)OGS W HRQ QERBIG

PRQILWBWKH UHVHUYHG FRQ\WPBW\LRQHOR—D/@’V;RTI}NRH’H:U%ULHV

HVWLPDQW WM RQHMWWKBQD/ WLPDWHG NGQ YEBRX @S MW LQGLFDWHYV
WKWMH UHVHUYHG FRQVXPS$W WRIQL D RRIREG! HSREHRIRHKU\RD R HUB\L V H



WK HFVBULFIEMARH WKH X VWKW WHRUYHG XFRIQUXNPYWD® G\OR R D G
RWKHU IIDQE XQGHU BRMQBRAMU VW RENH UHRARHUWXRSWLRQ ORDG L
WRR ORZ DQG WKHUH LV HQR KJIKUHRQY HHE@IFUR W BY HHX M IS WHRDR/ \HH
WKH UHVHUYHG FRQG/HKPSMINRGOFVEMHIF HWVKH XVHUV FDQ HYHQ EH
WWRWRUH WKH SRZEHG @ DWXA/BAID WAKH. FIR Q VX P SW L RI@® B RW G LFKLMQ W F
SULFH UIDSB\OVERUY DGMXVWR K WUB/HWIQREIRRBEXWR UHDVRQDEO\
&RQVHTXHQWO\ LW HQV XIJHQH D DWW IRE)RRD BEELBRAHDESDUHRYLGHUV
7KH DERYH DGMXVW P HQ WWDVOURIDPHIM K K i H ©\D WY IRR DVIXQ W/ IEHW Z H H
FKDQJHV DHERMEMX PESRERQ OOXVWUDWH WKH DGMXVWPHQW SURF
IROORZLQJ WKHRUHP SURYLGHV D SULFHWER B MXNVRDRH® W HWE B QW
PHFKDQLVP IRU WR K BHRZHUWSGHFPIB® QG UHVSRQVH PHFKDQLVP IRU
SULFDBIQ EGYRFXUDWHO\ PRGBEROIQH FMHRQMIKHU ZH FRQVLGHU

TXDGGHWIORGFWLRQV
7KHRUH®$VVXWKDW WKH XVHUVHDOHF BUQ F HWIIED WHROWKW KH GHPD Q

IXQFWDRXDGUDWLF | X@RWRBR HVROLWWAW IHUHQFH LWDOXMGUDWLF
WR WKH FRUUHVSRQGLQJ (:0/8, SKEFH DLWK VKR QRME® QW
Vo tB 10 ¥, LV DGMEKVIOWWE) G D\VRG W IDIE 18 ¥ VIAHPWHIQRZ Q L Q

1 [, ¥ _ 8
0= P —y“kEl R

V., BdO ¥ ,LV DGMEKVW@ANG WRG W DG I8 K VIAFKRZW L Q

=t o 2wl
BURISFFRUGLQJ WR WQWLIP\I—V)WIQ)SEWM_RBQ VL, HHG WR EHWBRGMXVWHG
E <[0,B) $W WKLV SRLQW WKH P: 0WES UZ Ik HAMNK B FPVILVAP )@ RIPY W K H
(:05 SUHG DEMRW KJHH V HIOHBVEUREFHY1WLPH NQRWE&HFVBULFHW\
DGMXVWPHQWKYI—DB)X(lHimJI:IQ/WPEHJWB)HmLV WKH DGMXF){WH:IQ YDOXH RI
WLPHtVIORWHQFH
RG= R CEL P PX e
ZKHUH W KM PHDIFKIDWKH (:0$ YDOXH MG WKHWDWREFGVKH SULFH PXVW
EH DGMRVWHW® LWRB YGORW WKH DVVKPI—k@Z:lFZRI-QGDWHiFMQKDW
E V. kn& W, E
6XEVWLWEEHQWRZH KDYH WKDW
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Thenthe effect g, , of price adjustment is

1 /_ V. _ 8§ 1 _ y _ 8
gtlz_P p121 ytlkEl nl:C;:R@tl:_P pt21 ytlkEl QlE@E

: HGHFUHDVH WKMW (PERWHH E\ L QF UH DV L @ DIBFKCHL\MMEHRWW HY RIR W
RI WK HDSWDEHW P HQW

1 /_ y _ 8
gtl:_P pt21 % F{l@

6LPLODY.0AB, L}, LV DGMEKYW®PNGMKR IRUPKRDG V

7KH SURRPRUYHWHG

&RQVXPSWLRQ ORDG PRQLWRWL.MIRDQWKFULFH DGMXVWPHQW

*LYMEH EDVLF SULZHF EBQWARKEDIL LQ WKH FRQRRQ@VRXSWALR@LWR
ORBGBRFHVV RQFH WKH SULFH LV DGMXVWHG LQ D FHUWDLQ WLP*F
DOVR XQGHUJR WKH VDPH D GONFXVEXERN @ W P 7 R MU S UREH VIVQ WHKKHH F X P
D GWWKPH QMWD V IROORZV

t1
=19 O g,
il
SQGHUG GWEKBIQG UHVSRQVH PIRAHDW SWHEARWGWEH WR WKH DVVXP S
WKHRUHP WKH DGMXVWPHQW YDOXH RI FRQVXPSWLRQ ORDG

D G M X VY\WCPOPGWPH D Y KD Q WKHHYOMLPDWH GLYJHVBQENMNBD XH

WK HWMLHPBIOS D GGV MK QUIKIH XVHUVY UHVHU Y44 GV R RDOFAKLHSYWL R Q
WKH EDOD Q& HWGKWHWVDWKHHMIKMHGU ZVLQJ SUFXAPHKOBBHIYHVSUQFH DGMXYV
TXDQWLWY¥Y0 WKH UHVHUYHG FRQVXRSW LR PRD MKGHRIWXMHU XD Q G

ZKHWKH GHFUHDYS QRMSIXIPPAHODWLYH SULFH ®IGWMXWRNHP H Q WHUXDBIGW L
FRQVXPSWLRQ ZRWRGE LRH DXNVZHH URR M B

ek@ﬂ th 0
qu Xl @kél, o

7KH DGMXVWHG YDOXH RE WKW GHHIGI WHH B G/NDOVWHG UHVHUYHG

Vg

X¢6DQG WKH WKKRUMWLFDO ORDG

4
(@}}
3

Yoi X XX
7KHQ
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Xq X,
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ﬁ_kéi' V1 0

%DVHG RQ WKHW&EEV RWIDMKFI R | FREVXPBRWLR@I DQG SULFH DGMX'
LV DV IROORZV
,QLWLD OA [OROARIDR I WKHS$S57BOQPRSESHR ZIH BDQ JHW WKH RSWLPDC

WLPH \/‘pfl‘@}[}Q/G WKHRUHWLFDO FRQ\’Z(X:F;SWH_H?RJJGRQ.G WVR. PAHK W HI B HHE\

G D RIDWKHRHWHAH FDQ JDLQ WKH UHVHUYHG KREARWKRSYWURQ ORDG
T

$FFRUGKDQVY WRH FDQVNKHHWW L P\H VRH UGHIVH U H Q FRHU EHMV@ BB H G

FRQVXPSWLR@GOWRBIB VRIEHR b MVKIHF D G M X V W W EW RRIDADKH KW LR Q

OROGGIITHEHQ WHDQG WKH LQLWLDO DG MX\BW I8 BWHKAHIEEFQLW.IFD @&/ \( DB L F |
YDOXHS O pp 1 DQ@KHWHIBUBGLFWHGYHYURULWHKHW. QLWLDO
SULFH DGMIXNIAWBHQ®Q@G KRHKMFAXPXODWLY HHS LHRAMO D 6 KIXSYRWAH Q W

WKH SDUIPPHOWEDUB/ B, E, 0 P B1( ,Q/LPHIVORW1 ZH DGMXVW WKH

SULFH$QUWHKLWRKD QUKIH FRQVXPSWLRQ ORDG GLIIHUHQFH
$OJRULWKP (3& $GMXVWPHQW 6WUDWHJ\
6WHS ,QLWLDODL]DWLRQ 6HW

6WHS VY gHYe (1 )Y P ,= pc @ P)n
TV LV QRW YDWLVHWBUQ 6WHS 2WKHUZ

6WHS Vv, 6\, BG R+ . 1V, tO VHW X, k\{zl

LI, O VHE X, k¢, ¥, X X:8&: %G ¥;
6WHS SWSWDMPH)G JR EDFN WR 6WHS

1 v, 8
6WHS V. ,tB Vng - T’tzl 1 & LES
P k ©
1 v, 8
BeadBy VRS v, y‘lkE2 Ay WKHQ UHWXUQ 6
©

JORZFKDUW RI WKH ZKROHVDOH PHWKRG

)LJ VKRZV WKH IORZFKDUW Rl WKH ZK RZGH\UDRBI YAHWKIR G7 $FFR
PRGHOHFRQZEORRQLWRU WKH GLIIHBNEGBEN HEHWRAMRP®WHRQ ORDC
WKHRUHWLBRD@HRDGIM X VW MKMHKSWKFHTXDGUDWLF IXQEWLRQ DGM)
(:08 YDOXHV H[FHHG WKH SUHVHW XSSHU DQG ORZHU ERXQGDULH



Construct the
RTP model

Solve the RTP model

Calculate the EWMA value

Adjust

Monitor

Quadratic function Yes

price adjustment 1«
strategy

No
\ 4
Output
the data
\ 4

End

)L )ORZFKDUW RI WKH SURSRVHG PRQL

5HVXOQVD ©\V L

,Q WKLV VHFWLROHZHRD® DIBF|MRYKWRULQJ DQG DGMXVWPHQW V
WKH VLPXOBWLRQ UHVXOW

,Q WKH 573ZAWRWGESRVH WKDWWARNNGH DQEWLRH F\BOMNV
I[URP 7KXUVGD\LVR BB GOWR 72 WAKPHH SFORWVGHPD QWMKHDUDPHW H

XMUX+* 14 LQ XWLOLWIVIXQ¥EWQRBWHG UDQGRBMEKD QGEGHGHERUDRQJI WK

PRQLWRUDQVYWKH SDUREHWHERYVYW IXQFWLRQ DUHODEPESHFEFWLYHO\
7KH RSWRPRIVXPSWLRQ ORDG Rl WKH 573 ORGHO

%DVHG RQ WKH GDWD SURYLGHG E\ WKH VPDUW PHWHUV ZH RE
UHTXLUHPHQW O RD@EKHURIHYLPXP DQG PD[LPXP HRZBQWHTXLUHP
t1

Tt

N
MY RIHYHUN-XVHHUQFH ZH JDLQ WK&RZ\M@/CXRJS—MHRJ@QG
il

N

N
WKH DJJUHJDWHG PLQISRZM BTG BBPHNPB QG | M/ LG DFK

il il
WLPHIYIORMVIK M, DQG WKH SDUDP HWHIUHWK HYW R HIRERMHL FDO FRQV X
ORD®/ RH XVHWG RSWLBEDBDWSRIAFHQJ WKHS$57BQP RESSH0Q GMY $

DVVXPHG WKDW RULJﬂ(.Q.IVOWLKH-HVHSIWIH'QDS)UEEIH\FHPXODWLRQ UHVXO



VKRZQ LQ$YLLOOXVWUDMKHE WRHRZIABWQNVEOSWLRQ ORDG LV VWDEC
UHVHYIRAHBRQ V X P SW LW BKOIRDYGE W IX D W IR VR UG \BEM BFRINOH XVHEH
SRZHU UHDVRQDEO\ LW LV QMHGEM X VAINVG b RHGCINGR/SW WKKH S(BRFH E\

HQHUJ\ SURYLGHU 7KHQ WKLV DFWLRWHBIDWORSAML WG HD B B @& XRM1W
XVHUV

160 — T T

Maximum power requirements
******* Minimum power requirements
—#—— Optimal power consumption
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3URFHVV RI (3& PRQLWRULQJ DQG SULFH DGMXVWPHQW

,Q RUG/HUW SO N DREDAIPH UB\FDPOKLWXH VWDEOH FRQVKIPSWLRQ O
XM UEML P S O H P W@ B/&00GEIM X VWPUHIDMALR R Q LWHR (U O V W LYPIDOWH,
IRWKH DGMXVWHG G LYIH U MKFHH G WA WY YBIMHWA VHQHUDWHG IURP W
UHVHUYHG FRQ WXORE® MRKEHRRBER UF R Q VX P BMH. ARG WIRDDIBO SULFH WL

VHUﬁ)H\[T\{LV WKH RULJLQDDQE H\VH B HA BHMPWIM® H X S BHRIUOLP LW

OHWKW&H OR2BHUL®LE HRRNKDWU DK H 'yt\ﬁtTLlPEH\FIRlI?HIVVDEQRUPDO DJDLC
WLPH YORKXY DFFRUGLQJ WR WKGFHPRIPREUHRYSRQDYAE WHHKDQLVP

SRZHU BIUKFHUV WKH HEHIMK\S |SRNKEBANMR WLP’M}\:\/thIRJIUI—WKH

WLPH VHULHV RI WKH DGMXVWW& BRQR/XPBEYUDGDERNE WK H

DGMXVWHG WLFRQANDULFHW LR IQWIKRIY BXNGHUNAW KK F/EK RV HTTKKHH QW SHULF
DGMXVWHG SU\Q}I%Hl\,LH/TWH(QFMFWXDo SULFH RI HQHUJ\ SURYLGHUV

,BOJRULWKP DPMWWHUSDDUH VXS 8R50HGO.DBY IR OQRZYV

E, 0 2Q WKH RQKHKD,QIGI UH DWKMN® H X S BH UWKLHP IHVQ H UMZX LSOUR Y L G H
DGMXVW WKH BULRH REQRPBRWKH RW KH U KID\OV\GMKKED QRZHU OLPLW
B, WKH HQHUWALBERDYQLIGHWKH ST LEEGFMR BPDHRIKMERVLPXODWLRQ UHV X

RI WKH PRQLWRPHQ W DQG IVERE®OL)Q,PLJLIWH VRFLDO QG OIDUH
WKH SRIRWKH HOHFWULFLW\ FRPSDQ\ DPRQJ WKH (3& DGMXVWHG ¢

~

DQG WKSUILFHQJ VWERPMSDILHGE [DUHS WKH 8§D UOWHOMNRVIXQFWLRQ



MHOHFWHG UDQGRPO\

‘H FOGUDZ D FRQRPXYMWKRKOQW DIWHU VHY MQX H LG RERBWIHSHH V
FRQVXPSWLR @ \DRBAGMIMWULREW KH L Q LWF HIO7KQR/ W U BDKH H[SHFW
DGMXVWPH®W HRISLFULFDO DYHUDJH DG B,V WP HQ WIEKHMWHNYQGD 9 &,

50 T T T T T T
—&— EWMA forecast
Original load difference

40 || —#— Adjusted load difference 1
Forecasting error
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7KHUH DUH QR SERQQWEEDERY AKWKHD Q V DIGOVMOK R RWBHI QWY RUP DO
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JLIVKRWKH DFFXPXODWHG HIIHFWWR F WX HE F6 WIHA-NG RMBNHR VW P H QW
SULFH LQ S P RI 7KXUVGD\ WR D P BHDWQZKIWKH VS G HFHW KDWVLQLV I
ZLWKLYKHBHODIMVHUYHG FRQVXPSWLRQ O RIKGIWRH) WPIDG DR XPQ SUGEFW X L
DGMXVWPHMNWKLRFFRUGUOY¥J WRKLYGYWWFKHWHUV WR EX\ PRUH SRZHU
ZRUN MKRAPWIVGD\ WR )ULGYVRWRUGLWEHDSXGJFKDVHG ISRV2HIHLQ WKH
ZKHQ WKW I MPLWHKH WERL@D\V

6RFLDO ZHOWMBH 5 DRIGW RI WKH HOHFWULFLW\ FRPSDQ\

YJURP )LJZH FDQ VH}5 SYOMRMHE(N3& SULFH DGMXVWPHQW VWUDWHJ\
DQG WKRISWRHLMWO HF W D E K LEWKHR R BLDKFE/RWP S D UWRVRIEW DLQH G
XQGHU WKH RW K HAK MWZHRVR 6D QDEH. FER Q FDRSE HIEGMP KDWY W K H
VWUMRMIRQZLWKOSIVWKDYLQJ DQG YDOOH\ ILOOLQJWEMNW DOVR F

ZKRORFLDO ZQG I SRURMKMH HOHFWULFLW\ FRPSDQ\

'LVFXVVLRQ
SBHUIRUPDQFH DQIHUAEWWRWPHQW WDUJHWYV



,Q RUGHU WR NHHS WKH VWDEOH FRQVXPSWLRQ ORDG GLIIHUF

J)LJ 9DULRXV LQG LFIDWR @DAERPKS S D U

VI\IVWHP ZH RERXGHE HMIHOER H DQG

'KHQ DQGKDYH GLITHUHQW SWKMHHWHQGYPODWRWY DUH DGRS
VLPXODKIPEEHW RI DGMXVWPHQWW' WKHRMWDQEDOG BIQGRVWKH PDJ[L
SULFH DGMXVWPHQW 6LQFH WKHUH LV QR WKIDRGHVELWRO RSWLF

QRZ ZH KDYH WR DGMXVW WKHP E\ HITSHULPHQWWQURP $OJRULWI

I WKH UNVHENGGXPSWLR FRPRDIG/WHQW ZLWK XARXD WWVKKHHRUHWLFD
RSWIRRDPHPW WKLVWKRHPNQW@XH (:0$ YDOXH DIWHU DGMXVWPHQW VK
WR ZKHQ ZH DSSO\ WKH (3&KDX8MXNMWRBDOWEVWUIDOWHWYKH VLWXDYV

WDUJHW YVDOQGBRNYV OHDQZKLOH ZH FRQVLGHU
WR DGNDAOQGWR DQG ZLWK

GLIITHUHQW SDUDPHWMHQ@E& YDBEHRRRWGDULHV

UHVSHFWLYHO\ 7KH VLPXODWLRQ UHVXOWYV IURP WKH LPSOHPH!

LOOXMWU)DLWHG
‘H FDQ OHDUQ WBIEWFL@HISLFW WKH Q XGP HHIUO R W B & /MWHNPGEmUNGY
HUURU RI DAY KMXB@KH PD[LPXP SULEW D& WKKRWRHEEWEY DGMXVWPH
ERXQGDULHESSWRK MHRW HRGQ O\ D VPDOO QXPEHU RI DGMXVWPHQW\
E XW/KH

VWDQGDUG®HMLGRXDWRIDUH DOVR FRQWUROOHG IALWKLQ D FHUWDL
QRW KDUG DWRWHIHH (W& DVE M X VW P HQ W ERN-DO/MMU WRKH QXPEHU
DGMXVWPHQWYV J DIGX WVGIQ\GGW R UBHD ¥ RODE G BIUD | /XMUK RR U H

WKHD[LPXP DGMXRWPSHOMFHHP RVWO\ XQGHU WKH DGMXVWPH
ZKHQ WKH DGMXVWPH QS \HRWI HYWD\ZE B &

WKH DGM XV VDRJHHOWH W DDOVIMHKW VP R G H WVFED/MMIHAH G XPEHU RI DGMXVW
D G N\ VO\N\GPHD [LP XP DGMXVWPHQW: RIUBBLFH/WKW®RVH RI WKH



DGMXVWPHQW WDUJHW ZKLFK KDGMXVWPHQWY DQG PDJ[LP
DGMXVWPHQW RN:BULFEM (TVZLWK $FFRUGWXHWR

REVHUYDAVERQFOXBHDMNWKBPWRRVH SERIHUIKLVMQKWAKIHLQGLFDWRUV
&RPSDULVRPIEWKFDMWHEHRQHIOU IXQFWLRQ DGMXVWPHQW VWUDYV
7TR IXUWKHU LOOXVWUDWH WKH UDWLRQDOLW\ RI WKH SURSRVH!

LQ $OJRULWKP ZH FRPSDUH WK B URSHYMNMWG LXQOWYHBWWERW Y RI WKH

OLQHDU IXQFWLRW®YW WEDOAVEKIM VERJHREY WELHPCK @ Q WALLRR@ D \DVUXP BWH VDPH L

6HFWIDRQOW KH SDUDP M MR B ADARH E, 0, 0

7TDEOH
&RPSDULVRQ UHVWXEHNM BLRK WZR

4XDGUDWLF /LQHDXQFV
DGMXVWPHQ DGMXVWP

1XPEHU RI DGN
BWDQGDUG HL
6RFLBOIDUH
3URILW

7KH VLPXODWLRQ UHVXOWV RYHU WLPH)VDRSV)IBVWH VKRZQ L
LOQGLFDWHEOH\ DQGWKH QXPEHU RI DGMXVWPHQWN@DIQEE WKH VW
VFHQRKHBMKH OLQHDU GHED @G DAGHWDWHWERVH LQ WKH VFHQDU

)L &RPSDULVRQ RI (3& PRQLWRULQUD GIQ&VIVGMXQM
Z K HHW KTEX D G UIDGAMLXY W W I QIWDEE B O L H G

7DEOH )IDQBOVRREZKWWH VRFLDO ZHOIDUH DQG WKH SURILW RI W
LV KLIKHWKHKEBE QU®MALDFQ G | XQFWI RGIAKBIWKH O L QHIDEE | DHG



)L &RPSDULVRQ RI 6RFLDO ZHODIBWH DWW B HS]

)L SRUWWEKWYW DFFXPXODWHG HIIHFW RI WKH GLITHUHQW SULFF
TXDGUBMPLIFQG IXQFWLRQ SULFH DGMXVWPHQW LV OHVV WKDQ WK

)L &RPSDULVRQ RI DFFXPXODWHG HIIHFW

3HUIRUPDQFH [QDIG\GHRDNR G IXQBWMXR®/PHQW
7R YHULI\ WKH SURSGNWGRTX DG VDXWWP HQW LW KPIRQ M/ K i ED\LROBI DD EJ
RQHVKH FRPSDULVRQ EHWZHHQ WKH TXDGUDWLF IXQFWLRQ DQG



FRQGXFWHG D Q G/ KRZAHQ UHMDXIBV M. D U H

)LJ ,QGLFDGALRIHWRQW GHPDQG IXQFWLRQXD

)L VKRZV WKH DGMXVWPHQ@WGVOGHISEMW- WYV WKH DEMNVWPHQW \

‘H REVHUYH WKDW MXWHQP BE&W ER X QELHJ VW DV DQG WKH QX

DGMXVWPHQWYV BHWKRQFX\DLGRIDD WVE R IXF/KNV PV G W W ZIHBIK)V V DAQIGD Q
WKW/ WK H GOH.RIHDGE | PG VRIKHOK LV EBWEHHO® D E )LJ

D FKDWYTV WRBHVWD Q&D W& VHAGXDW YV RGE HPIOHE G RIWEG R Q WILGM X VW P H G
ZKLFK LV EHWZHHQDUMRVWO\ VPDOOHU WKDGHWRRGHIRQ PMWKHR @ L
DGMXVWRIHXWMW EHWRBHQDQG WKH WUHQG LV BRHHIVWDIEOH )LJ
G HLYRURMHQWLWRDQWHHHQXPEHU RI DGMXVWPHQWY DQG WKH
VWDQGDUG HUURUV RI UHYVDGUDWYF ZLDWXWDREBH DGMXVYV
OLW WIOHMHKNY @H Q HPQFWREBRXVWPHQW LI E & LWRHV

)L ,QGLFDWRUV RI GLIIHUHQW GHPDQG IXQFWLRQ D



QR D QUK ROYM B QRWIRHEVHUYDWLRQV ZH FDQ FRQFOXGH WKDW LC
RI DGMXVWPHQWY DQG WKH VWD RIG IK® HBIBARY VIRBHBUIHMLIEX DOV Z
WKWRRVH ZLWK WKH TXDGUDWLF IXQFWLRQ DGMXVWPHQW
&DVH VWXG\
6LQJDSRUH V SRZHU PDUNMWOG\B BM I5-U REBR. VMB\GHI® WL | X Q FW L F
DG M X VWWWPWHIMWH J\ LQ WKLV SDSHU

)LJ BURFHVV RI (3& PRQLWRULQJ DQG

‘H XVEKAHWIWDROH SDWHRIP -XQH WRDQQHSRZ W WERP G
0D\ WR -XOBV WKH WHMWNVUEHPW 5 U L F HDYHTWYH W BIHWL\Q B KD

UHVHUYHG S/HI:ITIIZI-H@OI-.DRLUI-H.WD((BG WKH SRZHU ORDG GNVWWKWHTXHQF

UHVHUYHG FRQVXPSWLRQT%RZAKHORIDGN RULFD® SREZME \DHRIDGH Q F H
GDWW WKH VDPH KRXU RI GD\V IURP ODANHW DWVYMRRHEHOML FD O
FRQVXPSR\/Z_I-RLQ’Q%P_G{)TV 6HW WKH LQLWLDO (:03QY®D WXH RWKHU
LQLWLDO YDOXHV DUH WKH VDPH LQ 6HFWLRQ ,Q $SOJRULWKP
K 50 E, 0E, 0 7KIDUDPHWHWWVFRVW (IK\Q FW URIQ

UHVSHFWLYHOSLDYVKPHEHYVW UHVXOWVY RI WKH PRQLWRULQJ DQG
)LJ  )LJ )LI DQG )LJ
)LJ VKRZV WKDW DIWHU PLQRU FKDQJHV WKH ORDG GLIIHUH
RI WKH RULJLQDO ORCHS HPISLWUARRBHWYHUDJH DGMXVWPHQW
LV$S, WKH VWDQGD UG ADUIOARXD BWH B VENYXDAR SRLQWYV
RXWVLGH WKHVY VKRZ WKDW WKHUH LV DOMWRARR HYHGHRFH IRU V
OHDUQ DERXW WKH IDFW WKDW WKH DGMXVWHG SRZHU ORDG LV
ORDG EBQFKHDFK WKH \8HVLWKRZ QVKQFW. W KH HOHFWULFLW\ SULFH
ZLWK WKH GHFUHDVLQJ S$RXRKEFRIDGPXP DGWXPWPHQW RI SUL
N:K7KH XVHUV DUH HQFRXUDJHG WR K@ KPRRAHH \GRRFZLHDUD O R [



ZHOIPWGIFXODWHIGVE\ (TVDQG SWKRHLW FDOFXODWHG E)TV
VKRZVEWKDXWQLQJ WKH (3& DGMXVWPHQW VWUDWWRFLWRH VPDU
ZHOIDUH DQ®& SDWIEWQNKD REWDL®QE LQ WKH FRPSDUHG
W LV HDV\ WR3EHMHGW K BW PRO®W \RQODWPSURY HNOMEKMW S URIWW R
FRPSDQ\ DQG WKH ZKREXWVRGE VROF REMODIEKVOE VIRY VU & Q
SUHYHQWLQJ RI SRZHU V\VWHP EODFNRXWYV

)LJ &RPSDULVRQ RI 3RZHU

)L $FFXPXODWHG HIIHFW RI SULFHXD



)LJ &RPSDULVRQ RI VRFLDO ZHOIDWH D

&RQFOXVLRQ

$Q(QJLQHHULQJ 3URRILW RERDIDERPEN L B G XK WIPRI@W VWUDWH.
L QW U RBR FAHRR LXWRIBRQK/KKPSWLRQ ORDG DQG DGMXVW WKH SULFH
FRQ V XROH F WDBLSFULR\S U KBIWHHOKN FWULFLW\ FR PI$HRO HRRQILDWR ZW LW K W +
PRYLQJ DYHUDJH RU BELHHW QK EHWZHHQ WKH WKHRUHWLFDO FF
WKH WHPH SULFLQJ PRGHOVD P WHKWH XY B UALR 8 HFEROHMWX-PBWIL G D WDKK
XSSHU RERXRZHRWL MAKHKRH SULFH D GAWXNERORGXIM MWKAK XQBH Y WR
WKHLU FRQVXPSWLRQ UMMKIHPBREQWHPBRGVHXBIBHKID QLVP IRU WK
7KH SULFHD @ MO®QDOW KH SUHGLFWHG H[SRQHQWLDO ZHLJKWHG PRY
WKH ERXQGDULHYV

7KH QXPHULFDO UHVXOWV VKRZ WKDW WKH SURSRVHG VWUD
DGMX VAR IS WIRUPDQF KKRBMWRHWAMXVWPHQWY HHWIUQGDUG HUUF
3UR|MWWLY PRUH UHDVRQDEOH DQG, @HDEWR® LSURERQHEKH @LQHD |
3URFHVV BRQYYROH WM \RQWVW\IRRG SHUREWDL@QAK LEDODQFHG SF
SURYLVLRQ DQG FRQVXPSVEXRQFDBPKER XSS QMWH ORDSURILW DQG
ZHOIDUH

$FNQRZOHGJHPHQW
7KH DXWKRUV WKDQN WKH HGLWRU DQG WKH UHYLHZHUV IRU W
DQG FRPPKHLQMARUN ZDV VSRQVRUHG E\ WKH 1DWLRQDO 1DWXUDO ¢
WKH PDWFKLQJ SURMHFW RI 16)& 1R 3
-)= -)= DQG WKH ,QQRYDWLRQ )XQG 3URMHFW IRU 8
6KDQJKRL ;- ;- ;- ;-

$SSHQGL[ $ /DJUDQJH 'XDO OHWKRG
5HIJDU@UISMIREOHP DV WKH SUL P NG DSIWAEMH BS\H I EGHG DV

s
~|e



ZKHUHMY /DJUDQJH PRXROW UETHEH U
$ LV UHZDWDVYWWHQ

TKHYKH PD[/IDPOUBIXR FWHRSUHVVHG DV

TKXWKBJUD@XBO SURKFRGI®RA
~ 3o

%HFDXWHHRVWURQJ GX\MXAL WV SRR BURYVWHRPIHUHQW IURP GXDC
SURE@GHPOHDQWLPH ZH FDQ DOVR BHRWOWKBORBWILRB YR D QJ
SURE®HP'XH WR WKH LQWKIE HAHE H ) FRHU RBX ODW H G

ZKHUH
~ Qe

~ e
7KH ILVRMBWHY DWRMWW VYV KLFK FDQ EH UHWVOREHESH® ERY\W SUREOH
VKRZQ®PLQ7KH VHFRQG WHUP LV DERXW WKH2HGHR\WLV¥HW\ FRPSD

WIKSHULFH YBOXB O RSRNVWKMHOHPDAIOW QIQLWUPH ¥ORW WKH PD[LPDO
ZHOIDUH IXQ WWKHRUINVQ&G RLV SURILW IXQFWLRQ RI HOHFWULFLW\

WKH GXDO$SURHOHFQ JHW WKHHRIEGWGWRES DKMHMEMVBEEGIWKHRUHWLFDO (
RSWISRIpFHQ WLPHTV@RBWWKH RSWLPDO FRQVXPSWKRQV®RDR3 LV

XMUWRQVXPSWLRQ ORD GV L RKWARP W HBDEKH BRFHIBUWLAFFLQJ EDVL)

RI HOHFWULFLW\ $W WKH VDPH WLPH LW DOVR UHIOHFWV WKH VI
SULFH LV KLIJKHU ZLWK ODUJH FRQVXPSWLRQ ORDGV DQG ORZHU

SHIHUHQFHV

> @HURQL $ 6FDUSDWRODXFPFE]L RPHDMRHL &LW\ 6PDUW (QHUJ\ *U
RQ %ORFNFKDLQQMWKQBW®RRQDO -RXUQDO RQ $GYDQFHG 6FLHQF
7HFKQRORJ\

>@DQJ ; OLVUD 6 ;XHPDWWQUKIBE 1HZ DQG ,PSURYHG 3RZHU *ULG
((( &RPPXQLFDWLRQV 6XUYH\V 7XWRULDOV

>@ 1H]DPRGGLQLSHWMOMH KOHFWULFLW\FXUAWRO Bl UR U 6OQUEXM VWDIDLAD €
VWXGLHV LQ WKH 8QLWHG 6WDWHV $SSOLHG (QHUJ\
>@KDNUDERUW)\ 6 6DV DB $GRGEW DHWHUV IRU (QKDQFLQJ 3URWHFW
)XQFWLRQV LQ (PHUJLQJ 'LVWULEXW DROQRA\¥RZHRY BD-Q@5 ( Q MU GBDWWA



>@DQJ < &KHQ 4 .PRQJBAYLHZ Rl 6PDUW OHWHU 'DWD $QDO\WLF

OHWKRGRORJLHV DQG &KDOOHQJIHV ,((( 7TUDQVDFWLRQV RQ 6F

KWWSV GRL 76*

> @ 0 +RQJ 6 + 7HPHHDIOPDHMBRQVH $OJRULWKP IRENGRIEHWM J*ULG V

*DPH $SSURDFK ,((( TUDQVDFWLRQV RQ 6PDUW *ULG

>@DR / *DR <WBMHDGULFLQJ IRU VPDUW JULG ZLWK GLVWULEX

QRQFRRSHUDWLYH JDPH PHWKRG FRQVLGHULQJ VSDWLDOO\ D

,QWOIDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHWWWERAUJ\ 6\VWH
M LMHSHYV

>@DPDGL 3 ORKVH®LDOFKREHU 5 :RQJ 9:2SWRWDEHNHWE® -

3ULFLQJ $OJRULWK PO®LVH D WQ RN LROLVEPDUWV* UG ,QWHUQDWLR

&RQIHUHDFMURQIULG FRPPXQLFDWKRQWSY GRL RUJ

60$57*5,"

>@ :DQJ + *DRWLPFHBOLFLQJ PHWKRG IRU VPDUW JUHBY EDVHG R

-RXUQDO RI ORGHUQ 3RZHU 6\WWHPV DQG &OHDQ (QHUJ\

> ®DPDGL 3 ORHGHOLORKREHU 5 :RQJ 9:6 $GYDQFHG GHPDQG VLC

WKH IXWXUH VPDUW JULG XVLQJ PHFKDQLVP GHVLJQ# ,((( 7UDQV]

> @6DPDGL 3 OPKGVHQIRDYY 9:6 B5FKRWBRPH SULFLQJ IRU GHPDQG Ul
EDVHG RQ VWRFKDVWLF DSSUR[LPDWLRQ ,((( 7TWOQVDFWLRQYV
KW WGRL 76*

> @ =KX + *DR < +RX WUIPR VORYOWISHIDELQJ VWUDMWHODWEZRWK SRZ
FDXVHG E\ RSHUDWLQJ FRQWLQXLW\ RI VPDUW KRPH DSSOLDQFH
, QWHOOLJHQFH KWWGKL M HQJDSSDL

> @XDQ * *DR «XBH) %5BWOPH SULFLQJ IRU ©WRDUHW JM\URIGF 2 RW K LIBX/

DQG XQFHUWDLQ ORDGYV D ELOHYHO SURJUDPPLQJ PHWKRG ,QW
(QHUJ\ 6\ VWHPV GRL M LMHSHYV

> @KLX 7& 6KLK << 3DQBW& PRDHFEHMD\G 3ULFLQJ :LWK 5HQHZDEOH
'HPD®EGGH ODQDJHPHQW IRU 6PDUW *ULGV ,((( . QWHUQHW R1 7KLC
> @DR / *DR < =KX + /LX 6 'LVWUPHXSWHG LEIXR HRAD RXUEMAEMH O O H
VPDUW JURG EIDO/MHHGHIO SURJUDPPLQJ FRQVLGHULQJ UDQGRP IOXFW
&RPSXWHUV DQG ,QGXVWULD@ (QWMWHERHULQJ ™M FLH

> @ +H %- /L ) *DRXQJ'RQJ -; 'DQJ <= ORQLWRULQJ RI 3RZHU
SHTXLUHPHQW /RDG 3URFHVV DQG 3ULFH $GMXVWPHQW IRU 6PI
(QJLQHHULQJ KWWSV GRL RUJ M FLH

> @HLWH -% ODQWRF¥WQR JISBQ G IWFHFWQQBO®QRVVHY LQ ORGHUQ 'L

1HWZRUNV ,((( 7UDQVDFWLRQV RQ 6PDUW KWWSV GRL RUJ
WV J

> @RUWDML + 2Z 6+ ORORRYYHRIBB 6KHGGLQJILDG®WEDUW

&RQWURO 8VLQJ ,QWHUQHW RI 7KLQJV LQ 6PDUW *ULG 'HPDQG 5H\

RQ ,QGXVWU\ $SSOLFDWLRQV

> @ :DQ =7 /L -; *DR < ORQLWRULQJ DQG GLDJQRVLV SURFHVV R

SRZHU UWXGDO &RPSXWLQJ $SSOLFDWLRQV

> @LH :5 =KDQ < /LX +. /L :<DXHR PREHWRUZDUQRQ@G RDUO\



VXEVV\QFKURQRXV RVFLOODWLRSHQ® \V8RZ WU RQ VRV HPYVQZHLZD E KHLY K - @
-RXUQDO RI3RZHUNULFIDWI\ 6\VWHPV

> @LX < /LX : 6KHQ <: =KDORZDWIBRVPDUW HQHUJI\LRWHIXVEAKNBIO WL
ORDG PRQLWRULQJ ZLWK VLPXOWDQHRXV VZLWFKLQJ RSHUDWLR
KWWSV GRL RUWHUJ\ M DSH

> @ %R[* (3 3URFHVV DGMXVWPHQW DQG TXDOLW\ FRQWURO 7R!

> @L - /LX < 7VXQJ ) 6AXBWLVHBXFHO ORQLWRULQJI RI 6HUYLFH
$GCMXVWPHQWYV IRYMDSXDIOVO RQCGWHHWDMDELOLW\ (QJLQHHULQJ ,QWHU

> @RYLQG 1 'HO &DVWL-ODQRNLBBRROMWYDULDWH ERXQGHG SURFH)
VFKHPHV 4XDOLW\ 7HFKQRORJ\ 4XDQWLWDWLYH ODQDJHPHQW

> @ /LX [/ 7VXQJ ) =KDQJ - $@BGIVVFKHPRIQIRWUGRAMWBWR QJ XQI
VKLIWV LQ @RFDYLRWQRQDO -RXUQDO RI 3URGXFWLRQ 5HVHDUFK
> @DQJ - 6X 4 ¥BQOEMWXOWLYDULDWH 6LJQ &KDUW IRU ORQLWRUL:
OL[HW\SH 'DWD &RPSXWHUV ,QGXVWULD@ (QJLQHHULQJ
[KWWSV GRL RUJ | M FLH

> @QRKOHUV % 'JLZRHNLSEVBBVYHE ¥ OFHFIMARULQJ DQG FRQWURO RI
SURFHVVHV EDVHG RQ NH\ SHUIRUPDQFH LQGLFDWRUV IRU PHFK|
SUR G XHRMA@RRP LFV [KWWSV GRL RUJ |M LMSH

> @ =DPDQ % /HH O$EXSMDDHPQS5DGDSWLYHKHEBVHG &8680
DFFXPXODWLRQ HUURU IRU HIILFLHQW PRQLWRULQJ RI SURFHVV
,QWHUQDWLRQDO

> @LDQJ ; 'DL 06RQJ % =KB®DOLW\ FRQWURO PHWKRG RI XV
UHPDQXIDFWXULQJ SURFHVV EDR/WRED @ Q : G$ QIRPQ W URIG FERQ WYV &
,QWHJUDWHG ODQXIDFWXULQJ 6\VWHPV

> @DOKWOBMLND - & $GHMRIRQ$9'$Q (:0$ FRQWURO FKDUW EDVHG
'LOFR[RQ/XP WIDFAVXVLQJ UHSHWLWLYH VDPSOLQJ ,QWHUQDWLRQI
ODQDJHPHQW

> @ =DPDQ % /HH GEXMLDBQS5DGDSWLYH DSSURDFK WR (:0$ GLVS
XVLQJ +XEHU DQG 7XNH\ I¥X@PWDRRVLWXDQILVQHBIQPGQJ ,QWHUQDW

> @L < /L - +H =KDQJ BKH WHPB SULFLQJ RSWLPL]DWLRQ PRGHO R
RQ WKH XWLOLW\ IXQFWLRQ RI WKH /RJLVAKWVWERMQRWLRQ>-@ (QH!
M HQHUJ\
> @DkO =KDR 3'DWDVHW RI 6LQJDSRUH V SRZHU PDGBGNRHW ~ O0HQG
KY] J U PZ

$XWKRUV ELRJUDSKLHV

%LQIJMUHFHILYHG WKH % 6 GHJUHH IURP WKH 'HSDUWPHQW RI 0DV
<DQJ]KRX &KLQD LQ 6KH LV FXUUHQWO\ SXUVXLQJ 3K ' GHJ
6FLHQFH 7HFKQRORJ\ 6KH LV DOVR D OHF\WNUH®QJDBF LEKDRHI K D
6KDQJKDL &KLQD +HU UHVHDUFK LQWHUHVWYV LQFOXGH SURFHYV



DQG PXOWL HQHUJ\ FRPSOHPHQWDWLRQ HQHUJ\ VAIVWHPV
-XQ[LDQUHMAHLYHG KLV 0 6 DQG 3K ' GHJUHHV IURP 'DOLDQ 8QLYH
3URYLQFH &KLQD LQ DQG UHVSHFWLYHO\ )URP W R
5SHVHDUFKHU LQ WKH 6FKRRO Rl (FRQRPLFV DQG ODQDJHPHQW 7F
ZDV D YLVLWLQJ 6FKRODU DW WKH 'HSDUWRHGW RD QDG MK WQWD &R
.RQJ 8QLYHUVLW\ RI 6FLHQFH DQG 7HFKQRORJ\ +RQJ .RQJ &KL
1HZFDVWOH 8QLYHUVLW\ 1HZFDVWOH 8. 1RZ KH LV D SURIHVVRL
%XVLQHVV 6FKRRO 8QLYHUWQIFM\RQGKBEOKRRIORIYU 6KDQJIKDL &KL
LV PDQDJHPHQW VFLHQFH DQG HQJLQHHULQJ DQG KLV UHVHD
RSWLPL]DWLRQ DQG FRQWURO DQG HQJLQHHULQJ PDQDJHPHQW
LQJ[LQ WHFHLYHG KLV 3K ' GHJUHH LQ 6\WWHP (QJLQHHULQJ LQ
DQG WKHQ ZRRRNWE& UDO3RNWWMHDUFK $VVLVWDQW LQ 30\PRXWK |
&ROOHJIJH /RQGRQ LQ WKH 8. IRU WKUHH \HDUVDIHPHQVW PG 5HC
XSSO\ &KDLQ OIV) BMWPLHOHW Y 6 FKRRO 1 H ZE D HWDHHUS\QLINH UW W\R D8
PDWKHPDWQFRUPW BERQ@RRRPSURYH WKH HIILFLHQF\ RI RSHUDWL|
PDQDJHPHQW +H KDV GHYHORSMR IDFHD MRDWHDGHFIVERDJIPINLQ.
+LV UHVHDUFK RXWFRPHV KDYH EHHQ SXEOLVKHG RQ OHDGLQJ LC



