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LQG ULVN DVVHVVPHQW RI XUEDQ VWU
ZLQG LQGXFHG IUDJLOLW\

<L /XR ;;LDRTLX $L
6KDQJKDL ,QVWLWXWH RI 'LVDVWHU 3UHYHQWLRQ DQG 5HOLHI 7RQJML 8QLYHUVLW\
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KWWSV G[ GRL RUJ GSU

S5HFHLYH®\ 5HYLVHGFW $FFHSWHEBY 3XEOLVKHGY

$FDGHPLF (GLWRUZE®E\ (G)MWRIWD L GU RIBXFWLRRQIAM®RIU/DQ

$EVWUDFW

7 K HD L ORDUUHE YD \F UV b1 VB X VEH\GW U RIQQIB RIGDWH Y HDLEDYOHHU VIHRVXW EIDXQ@ F WDLR @ V

S X E @D FHAM\MWW XGCH Y H OIS 9@ D J PRIGEDV R @V KPHH F K D @LGAIDAR X IUNE DY U b1 RVH V
7KHKQFHUWMLKQHVS R USVIDUDDWY HWW M B O QK& R G BEDTY XD Q MRILSIKBFRHYW HU HV W
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SDUDP HWH WYX HWRKRHU M J IFXIUWZHVRE W DD QW8 & M Q O L EDWKKEHGYV W PP WIDADXQ H G
GDWH 7KH SURSRVHG PRGHO PD\ KHOS LQ HIIHFWLYHO\ LGHQWLI\LQJ KLJK

.H\ZRUWEDQ VWUHHW WUHHV ZLQG ULVN DVVHVVPHQW IUDJLOLW\ FXUYH\

%+)& , + &%
7 KHU H IDNIOBRICHOU @ W KIFHDAKE/H [GV Z H @PED'D HVIDEL UHHF RVQGRAPR BHEV

LQGLBSHB/RMBW KL @ X W XE M KD KCHOMSUW B MLVZHKRWHKY H U H O\
WKUHDWHQ WKH OLYHVY DQG SURSHUWLHYV RI UHVLGHQW

([LV WWQREZ IHF® P W\RHUFHOAEW R X F B OA\H 1 R BVHFHKG®IQMWWDIWFL V W L |
DS S URKFHWIDW § 8 W B BH¥ W DREOHRHE\R & D DYBKIHF W@RIDK H Q F L Q

W U B IHO XX R V WECRDXY Y D@ UL R XWB @/ R WY IH\F\K B fE B R HEVHH R/ XK VHH

« TKEBXWKRU VZSH@FFHW\KLWUWLDQHHQ(VQI-GCB&JUHD\RIRPHR@WWULEX\E ey
EY , QW HU Q DLV HR@BIQV S V FUHDWLYHFRPPRQVZRUBKOUW PX@WHWWRMHF WHHIGL § e (7 3G
DGDSWDBWY R @ IDEXGHSRIR G KX PWPRIG L RRUPDRD QS X US RWHHRR PPHUFDV (7

OR@IURX L YMHS S UR SFULIGMBAKRU L J DR BVG QW KHR X UFBIR YRGHY R/ KHJHD WR P AR QY F H Q @ 8 Yl
LQGLFDWH LI FKDQJHV ZHUH PDGH

ZZZ GSUMRXUQDO FRP
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G DWIHRGW D v Q \D\OW VIOND- RO RZCEI & RVOIME W HRQ | ZIKHMAIGHHIY HO RS H G
VW D W R GWRHEWM¥HDQ@H UD A UHHRK 1D W R G BMD I E 6 O WHE MWARDAW/LXPIO
PHFKDQLVP RI ZLQG HIIHFWV RQ WUHHYV

, @ R Q W/ R \F\K DDQBLS/WWAIIFFHIG RIPY\Y BRGAMHOVG L \Y G DX IH | YSUDHD D \
*U H HQX Y. 19 \BWK NVID\E WEEVADE B W W RAWPD ISUIRIGXE VH T X HQ W -

UHVHR® RKH K D/QWE MR MEHEY HVD R ZBREG U H £ QELIRIMWFAWIERYY HO R S
L Q F U HORALKDIIIVEGS K L WWPHRFEDAKIE QH.OVHHP R FMR@ V LSGUHHUFLLY H
W UHR PH@MQ GL @ W H HDIFWW. RRSED BRIW & HWH.RWR SRIQ FWLF D C
D QOGS S O L F D W, R I\WFRVARHGIHMAS O D/W P BHBFER B OV ® F R\VE@H K/ H
V SHFL DLQT& W Q RVGR W IR BFMRLARHDQU D SIS\ A IUAL ,ALD @ A(6°D Q G
)25 (27¢D WHR R ¥ MWGLHIOW H VAVRIGTADMM B EIRIY H P PR GVHDESISQHIB D F K H \
V L P S\OWHDBAN D SUHRDGDGS R ¥ IVV 1D @ W @AM HEGIHRN Q R Z O HRGRIGHHGO
| RRJX O W LO KRBV BLDQAY LR G NRWHEDHR Z G R B MHE)\G L WILGHHD O
PRGBOWHLD JOH GHJWBHHRR/IF LOWRDENRAEUE F XRUDKEIRG N @/ L O O
XQVDWLVIDFWRU\

YD @ RBWER RF WF K DRRGANIBA: , 1' *$/ (D Q&5 (2/Y HWRRU W

O F WK B WA (RBF®HEA: GU H T XMERD BERHD PWIRED Y HUBDKPHF R QW UD VW
W K B ] W\EIDHR Z B R GHEYQV MPUBHDHPOAS MOKIHD JFOOUMMINEW D O F WAKBIW L Q .
FR QG LBVLSRORDED R U0 HWASER. QI & IU@D M2Z3. DR K 6 K DGR P Q H V \
RW PHRH S KWW BR Y\L U B QABHBDNR K B/ X UNRANYE 16 R B/ \KUHDGM_FOKLHAP\H
U ULVN DVVHVVPHQW
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HYGIRIRWB\E R Y H P VA\@ WO®IRRER-HSLNREOR! WA MRMH\PRSQQ G L Y L G X D (

HHIV\BAL MVHHYDHBER W HFODAL ID\DVDS BISWEABUB! HOSOUMEK HI QL IL F D Q
IITHEHWWHRWE G Y L URQEUHHBMWR X U BDIU@ Q B U 1 A W XK®LYHV

U
L

VW DEXODR @ W H & GDMYYHHP R ISHREAY BADEFBHVXI ® E XV @/QLHEHAME D Q
UHDV KDYH SUDFWLFDO VLJQLILFDQFH ZKLOH WKH FRF
FLOLWDWLQJ VXEVHTXHQW FLW\ VFDOH DQDO\VLV

D
7KYWE 8 Y HIZR QEHBWY H P YR 2 HRWLHHVE/ QU7 HBHUWWHGLLGV L Q G X F H
| D L OXHHK DRRLGZHDORIPGK H 1'D @ &/ (@ R GLEANR S)RKWHNIGK FXR/Q Q J
WKKDQWRWEGWK@PHEW B HQ BB HYY/ILRVE XY ISR@\D B MAWH U V
L QY H VWVGLH\E SAHER \WKHR D@RVE B E  QVLURE K /R REVIWD EH WH U V
H V W DPVOWZEHDRISI X Q B BVD \RHPGS 191 W BDRR U FADUGHDHW DLEDIMAMGY H H
IUDJLOLW\ FXUYHV ZHUH REWDLQHG DQG YDOLGDWHG
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$ P H F K DV UPNRWE IR IGHI W H UCPQ DR DV IR I HE MVHRLDIRD IG\VL Q J
SURSRSHE PRGIPEWRHY' DY G/ (PRGHQ® Y RVAHRBOLILFDW
RW ULHQBA/R Q WF IRQJHUHHABHRMMNGE YK RLAXD J X @ KFHD Q WELHIDWHISD U D W H C
L QWWHRY HHQ 1D DB GHMD W P FHROQAW DEF\IOH. @ GMERLH Q RLIVAR Q V MWERH U H G
XQLIRGUROAR 6DNE H B XN BWH MXEHERWHRUILLFME B H V@ R & HEH
FDOFXODWHG DQG WKH WUHH GDPDJH FDQ EH DVVHVVHC
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JLIXUHLDJUDP RI WUHWWPHRI KB EUKRW Q KHQXKPWHU RI QOBRRBMAWY RI HOHPHQWY LQ FURZQ
QXPEHU RI HOHPHQWV LQ VWHP DUHD

3DUDPHWHUV RI WUHH PRGHO
7 KEHD $ DR D P HWXMRYHGHUIPH R SIRY BHXEHRNMAUI R P B PF@dMFH U L D O
SDUDPHWHUYV

7 KW KRIRINAVQ G D P HH RRAGINOUD. R W\WIHWHG H D FOHEWY HKIAV. WKW U R Z Q

GLDPHW&F® RKZHL 4-KYRW KFHIEF R Q V DE B Q BR P ICOHESHRG K @ J
WUHH KHLJKW DQG ZLOO EH GLVFXVVHG LQ ODWHU VHFYV
([FHSW IRU WKH WKUHH IXQGDPHQWDO SDUDPHWHUV W
H O H 8 H D R KEHIR\SFRRVEHGOR'S BMAG H\CBIIED QVEX U MK DX DAK LR

H[S UHMOA®R BV

Z K HAGH Q\R M/MHGLPD FDHW H JBKBAE D E® WHY K 3HH) D DHW KH @ D W L Y H
K H LRIV KHN DWW W W& R RQAW D @ WIWEE-BHID B DB R X B SHDRJIW

W K M/ BILAW K H OKDRN R M/H F RFROEEPAW D G WWIWRHRHID@®RG GU DER @ R L G
ORZHU SPWUWRWKHUZLVHEIDRWKHUZLVH

7 KHU RVAQL B BP S R UMRCPGIW INRLERP 1R 6 HEQHLFD @Y UHBI IR WMWY L P D W H C
ZLQG ORDGV RQ WUHHV 7KH IRCGOURZLQB UHODWLRQVKLS

Z K HAGH QR RHHREZLD RMWKWIHO H IRI-RGPE/R WRMWRERY RZLQW KX P B H U
HO H PR IRM RZLOA W K K SHH D B FMRHWERLREN U BADIGHDHY BER VW W
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FRQLIHUV KDYH D SDUDERORLG FURZQ WKDW LV WKH\ I
SDUDRRRGULOAME Q VDVHU KOFIKWW WK IRVSDUD FREGRRGQD QW
FURZQ VKDSH RI EURDGOHDI WUHHYV LV HOOLSVRLG WK
7 KMD WS yU D PQ AMANG/EHHP Q VAFLUNR\Z Q IWVHRLLY/RWIDRP®R G RO X8 W XU H

1,6 SHFLHV DQGRP@IBROGIWL G WD GEBYV W URVE KS N HRCOPAA W H U V
GLVFEFXVVHG EHORZ

/IRDGYVY RQ WUHHYV

7KWHO | RWIUIRHDXO F X \DBQJH RER 19 Q/HY R IRW VLW B H LR WK H

HO HPW RRWP E L RW WHRI@E® ~ZZHQ 3 KZH LR WW WHLEQS H W HIWRLRQ H G
W K MG Q WDLQOYAW G IPD FDRANKHHLLR I DF @ H P KBH\L R W\R H RFEZDECH

F D O FXUGRIPRHHRGZ Q  IVHRL WV ENWALRRHADR H RZZHQ LI WW MHRDIFBR ZQ DU H D
HOHPHQW DFFRUGLQRIMWRKWD WHHRUHRPHR LDPHWHU

7KH PHDQ ZLQG VSHHG DQVEMKRIEW B & QRAFAWUR B QVRKAY/ SR Z H

ZK UKW K HP PQI Z QY S DMK H LRIIKRVD OGW EHRX RBIJRRHMVFLHQV
+ H U HOQ\GRNWKVYS FHLFE BISHA®) @ S HHIDN/H RLY BHU® ISGH U: L RVAVLKQH
WUHH KHLJKW WKH PHDORDIGQRZWSHHG FDQ EH FDOFXOD

% H FDXIWLD Q@ IVIOMWGIRERWHE® R S/IRWPIRIGVA IDHI RW\WAGIX FWX QWL QJ
FRQVLGHUHG E\ LQWURGXFLQJ D JXVW IDFWRU DV IROO

ZKHEBUMWKEHDING G HHGEE H QW R QY S HHHKGX MFWRQ VDOHUHG
UDQGRP SDUDPHWHU DQG ZLOO EH GLVFXVVHG LQ D OD\

7 KZHL @ GROGEDHF @ H PWHHDSAU HE DS R DERIEEED F H WWRI-DGRAKMHEUD H P M Q W
IROORZV
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Z K HRULAW IS WIFDRIH | 1 Ll RHUB 1 RVVGRW YOZUEd DW D D W Q REUU R DVGSGIHFD H V
D Q Gl RAR Q'L PR WAK H&UIZW B B Q , G H Q\R BYHBWA QD/QNBD\N M B @ X H
NILO WKEYWREHMOGLPHQVLRQOHVYV VWRWDHIRZVLQLQJ F

ZKHUHWRHEZQY S IDKE L] XKW B MWD WEVWE® KO HBH QW
GHQRWHV WKH SHIDNQANME KIS KHGIJBEW RHMWKMW FHQWHU R

J)DLOXUH GHWHUPLQDWLRQ

7 KRIY HUQDG@R 0. @ W WBHUFIY Q V 17 GRIY H B D O @ E GMKGAHEPH PRSI
D QXG UR RWY B U WPXRUZHL IQCRHFDDL @ M UMW I DEQUFHK P NR [ZHKI LLAK

W \'S LFFFOGHOMARE FFRWP S DIURAGH DD @ RUBEQ H J D WE B @WK H IR G
HQYLURQPHQW DV ZHOO

7DEQXP P DWK BHH\FLL BB U\KRHH D FIRIOP R GBI S OLRYHPERVGIHROW D E O\
R Z LVQR KVHD IS FHXUIDVE IRASGVUWWEK 1B H 6 H DR KVUHLIIDSAL IGHDS S U RDIKK L Q J
FDQBWK RZAMN J X UER GV H T REBURVID/GB®! M/INHHIVF VWY IR € R/GUIK H . J K W

D O ZH) WIESLRAX\E CPHR DRVIXIRLZID J X UDHOARO HD LSJHHIWNS LREFDFDA®I H

V H F& RIGHPYWHR \&'F O W BADRN HELLDHIBRM/ DY MA-CPQEIERANV H )W ESQHWDON

DWW KVHR § HKOH U WIRRRUGHS O Y L WD BYFMR U U H WWSHRAEDL @ER M/ K H U
FR U U H WSRREJHEDL @RI ¢ R WEH R F® Q V D&VHUSHSE RE RXIDNE B U \
WKHVH WZR UHJLRQV

7KH IDLOXUH FULWHULRQ IRU XSURRWLQJ LV H[SUHVVHC

,Q WKLV HTXDWLR Q0 WiiHD E Q VWL K 5 0 RIRDWIRIBHEZQQOBH G H W

ZKHU NS H QW WMZAPL DK8E,1PyNJUHJUFAR Y WRAIRWS UHKHQ VL Y

U H | &/HIRIRMUGHKD U D F WWHRHLR/SARRVESHEOV R Q V D GUHDUCGHEIR PP DIEO H
LWV YDOXH DQG GLVWULEXWLRQ DUH GLVFEFXVVHG ODWH!

7KH EHQGLQJ PRPHQW RI HDFK QRGH LV REWDLQHG DV |
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7DEOH 'HVFULSWLRQ RI IDLOXUH PRGHV

J)DLOXUH FDWHJRU\ )DLOXUH PRGH J)DLOXUH FULWHULRQ
2YHUDOO )DLOXUH 8SURRWLQJ O WDWHHEBNVQWKRIFRRWHEOWE XSWRRWLQJ PRPHQW

6WHP EUHDNDJH OD[LPXP VHFWLRQL\WH{F M H®VWKKHWERGAID KW RIRDX SWXUH
/RFDO )DLOXUH %UDQFK EUHDNDJH OD[LPXP %WHFWL[REOHRCWUWKW PR GUEKHX Z LRD QUPKS WEKULR Q
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JLIXUAM\SLFDO VHFWLRQ GLDPHWHU DQG VWUHVV RI EURDGOHDI VSHFLHV $ 6HF

Z K BJGHH Q\R BVHHIYRID. GEH @ X D W QRM) WHRXIP@ H O H DR I G K W
F R X QUARRPE BW\R KVHR % U WWEHEE/HHQ B R © IZ X WRKONRB [L PRP H Q W

LV REWDLQHG DV IROORZV

1 RW WERGE\ G LRPARIFRIIOH 1' P R GAKQDFKF R RW BHG H O WIDXBAN & H
VHO | B ARIEGEV LIQRSXIFRQ/\S O D B FERHQ/MK G HEBHHRQVR\NHHR SRV H G
P R GRHEIR Q WL B il Q@ N DUWH M GREVYMARIEY V H TNXRHGGALRANRLFRHEIMID D W LY H C
VPPEPSDHDIUWRRPHQ YHEDYVWEYH 8 DR DIGIKVYKRZFRPSDULVRQ
E H W WHOHBG L RVRARHR@WBIKS H IPHRAPVM Q) AR @ RE8J P M RW KW KH

D G G LRARIARHXDRIIH MWRHMY G H-HRE HIYNHDEQM H W® 16 G LRARLFRHIIWDL O O
QHIOHYHRRXEYRP VKWLPSORIQHADOWREWGCQRNRARIWMWOHRSRVHG
PRGAKHODNMNCONKRY S XWRWWERQ bDDWU HP WEDBW R RO /W XR @/ X UL
GLVSODFHPHQW IRU WKH GHWHUPLQDWLRQ RI WKH DGGI

7KH IDLOXUH FULWHULRQ IRU VWHP EUHDNDJH LV H[SUH
ZKHYH,V WKH PD[LPXP VWUHVV LQ WKH VWHP UHJLRQ D

Z K H WPHH DUCRVX QRGVAR) KD HH DZAKHROWP M W QX PRH O H R IRMR Z Q
UHJLBBQRWHYV WRID & WV HHFBQEBWR IXRGS B V



IXRHW DO 'LV 3UHY FHWWSV G[ GRL RUJ GSU 3DJH R1

Z K H3$H Q.G H QARRBWHD POHWIBHRMR P R Q @/ HRIVKIMHUPR W ¥ DMAAR@H
UHVSHERDLQYHGH FDOFXODWHWG WKHQI[(DXODMIUF® FDXVHG |

7KH IDLOXUH FULWHULRQ IRU EUDQFK IUDFWXUH LV H[SI

ZKHYHSHQRWHY WKH PD[LPXP VWUHVYV LQ WKH VWHP UH.

(, %+ + &% & *+& * 4 ") $ + )*

, QV R/LHVF W K/RAVGR FSKIDU/DARLEFWY R @VSHHGR SFRAVAHKEDRQRLADAIX M Q W L I L H G
6 S H F LWLKFHREDMNAW LRVE B R ARBIIMULUD. B ) MW K@ R\PR 61' )X UE D Q

W (GHDHWY BYELEIR SIX@QF W R R BRVAHLVQR K IBRFG\DWIBH R E B E V @VIURIE X W L R
PDWSDUWU D BPHY WNHHE® L 7 IL REKY Q \GREANWDULRROE W H KBIWAXW BIL E X W L F
W B HQ % VDAF MRS UH QI W RARKVHER IHY VIR RVUKIBEC\F W2 X QB WOQHI)\DIVMOIKI 165

‘DY H Q/SRHE® U X P

% HFIWXWRPEBPDWSDUDBWWHBEHFLHY CWBDSHY BRDWE

Y D O LG IDWWFLXRV @ H\BYW F W L SEQP R DAGUDHEATR Q Z HHEURVQ V D &/HABDHLG) H W
V S HIFY WWX B W VEK@\P H W K RFORD R SW\R R B DROR WNEIHWF & HFFL H V
ZKHQ WKH FRUUHVSRQGLQJ LQIRUPDWLRQ LV SURYLGHG

*HRPHWULF SDUDPHWHUYV
7 KED VYHR P 8 WD FAHAWBNG i D P IENWJHHIXY. WK -W- U RZLD P'H\V B G
FURZQ K DWIKKWVWLPDWHG E\ WKH SRRO\QRPLDO IXQFWLR:

7 KEIDXWPBRGH JU BN N B R/ QU RPRG!" $X U BADUGHDHV B )ERBINDAF & H WIKHHV
UHJUS DYV DPR@ASEHMW B DXV RPY IHEIWAK P IS GIHPG OV RWAG H
GDWD SRLQWV LV H[SUHVVHG DV IROORZYV

Z K H UW KW\NKD PYSID&W B U D B (P@Y WY+ - Ry [ LW MWHKHIH 3 KW
RW KWAKD P IS [03-H QW KVHHW SR U LR RO E AXRKGAKD PYSIDEW KB Q GR P
YDULDEOH FRUUHVSRQGLQJ WR WKH FRQVLGHUHG SDUD

7 KGIL V W UIRIEDXQVAIREYL\D. E-DHVED FIR Q V IWERH Q B 8 SRVONGHKBIM/I K W
+)LIXVKRZNB P 8Q,HYD Q. J D+ IQRWIVUW RSEVE PRWD UYIDIRX H V




































