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,QWHUQDWLRQDO -RXUQDO RI ' ,QIRUPDWLRQ ORGHOLQJ

%XLOGLQJ ,QIRUPDWL
ORGHOOLQJ MO,PLORWLH

ODQDJHPHOQW
7/KH OHGLEBVWEWXG\ $SSURDFK

<XV&UD\IBRLLYHRFDW\BUG
7LPRAMX\HQBELYHRFDWNRUG
&KDUOBMQLYHRFDWNRUG

$UBT7H&T

) D F L OOLDAQLIHAH B 61 @ W KHRM\CDQCD J HAPIHEDBAU WOESHSAR BEW B X V L QRIV& H YD Q L

V D WLLREX L O & RQ B YWHRIG DX 1\0 ®IUGBE ¥ U H DARSXKIIOA IV QS EY MEUQ | RUPDW LR Q
WRS H WDIDAEBIL QW R HB L \WWDPL 0D WD JKHWHRF T XILQW H HIGDWES G BWYH U V H
I D F LIOQ MU PUDWQLIRUIREPX L O 160 8 P HICEAGIDRAR B H U D WR YRR\ W FDFO
ORFDWR RIQPWD L BW HHMBBEZH VB S UR | H V VD R DO \DWHHOIXHNG/R. DG L P H

UH O B WRIGX FHV L F ILBAQHEN H F W IOYRHVOHKWD, ®LL R U P DRVG IR Q@ | @A K\DHNNR/

L Q W HWUEDW B G L IR BRWR YLIPGH) R Y HDRXIGE WRY H U FARKPREK B O O HIKQOWK/H

S D SHH[\$ O R B BV DIOR Q W WEFEXWW SIUR KB SUR I H VW I/RQOH G L D & ISWBM H F W
D \DF D WAV XZ&K\L E U H J H Q HSUDRND FRFQME W WRUHDGIAD V W L @/RFDL@IGRV O G Z L G H
D QiGV W DIEVODADRD Q W H U GFIHI\@ MERHHE B O QRIGY KEX/U S RWHH)\0 W D DNIVG HQ W L
¢ HDB QB , (P R GIFR® KHH X Q L Y HEXLIOAEQ G L D & LLWE\B Y H (ROBBHSSH U L FZHL @WK H G
WK WDENNURREBO H[SHSWYH VWEH SHI[S O B R@V, F DX S SR WD Y Q V
DQWHPRIVGIGHU

_H\ZRUGV %XIIRQUE IDAE HROOX. IQCDMDLL@MW H)@ B Q GHQICHNH P HGMD & L W\ 8 .
2 SHUDWDROIEQKR\EDMHFBIQDIJHPHQW

1752'88&871 EXVLQHVV SURFHVV DVVRFLDWHG

PDQDJHPHQW PHWKRGRORJLHV LQF
%XLOGLQJ ,QIRUPDWLRQ ORIFHOQWPILRO RDWVFPQVWUXFWLRQ
OLIHF\FOH HYDOXDWLRQ F R\ BXND & HHN M FWARO HQRV HY) B X WOIG L Q
SURFHVVHV WKURXJKRXW WKH IREWY UN ®RI FBHDWMHRD @G UH X
EXLOGLQJ ,W DLPV WR SURWDGH.QIRREB W WRIH B P Q/IKHHGW D N H K

WKH OLIHF\FOH %,0 LQ PRVW VLPS
- M GLp XWLOL]DWLRQ RI D GDWDEDVH LQIU

&RS\ULJKW < ,*, *OREDO &RS\LQJ RU GLVWULEXWLQJ LQ SULQW RU HOHFWURQLF IRUP



,QWHUQDWLRQDO -RXUQDO RI ' ,QIRUPDWLRQ ORGHOLQJ -D(

VXODWH EXLOW IDFLOLWLHY ZRW W K/I$ HEKILIQ 6 LYQLH @ § RHLR) WO H
RI VWDNHKROGHUV $UD\LRLKIDW NERXOG EM ARQDBXFWHG |
PHWKRGRORJ\ WR LQWHJUDIWFLG QM @/\D A H\WVAUH SRR QV R
DOO WKH EXLOGLQJ REMHF\DV H Q6 \WHKKHDLQJOWHHDG Bl W/ LLRYQW K HS /X
RWKHUV LQ D SUHFLVH PDQMIHEXVaA GNIQD VR & MDINM IKR@IE®! OV |
FDQ TXHU\ VLPXODWH DQGVHRWPWMLRD EKLDBRWLYYRQWNVDQGR X
WKHLU HITHFWV RlI WKH EXLEROQH BWR RIVYHWUDL Y. DFHOF TFQDG \
HQWLW\ *LOODUG HW DO )LQFK 7KH FKDOOHQJHV LQ |
%,0 LQFRUSRUDWHY D PRRWKRBGRIORMKEDNMHBUPDWLRQ H]
DURXQG WKH QRWLRQ RI PR®O B ERUDWIQE® G HOXIHIDQ GH V
VWDNHKROGHUV XVLQJ ,&7DWR P KRKXDIQSIGIL MG ODXMUEROH WKH
LQIRUPDWLRQ WKURXJKRXW-RAKGIDMILIHF\FOH 6XFK FRO
ODERUDWLRQ LV VHHQ DV WKH KHUM HV B/ R RKGH 1IRID RFSQ P L
WDWLRQ WKDW H[LVWV ZLWKHQ WRPHDEX)O SR DQW ®RE XV WD\ |
DQG KDV FDXVHG YDULRXV HQHFLHQWQEFXIHYG LR U ®RLOHF\FOH
DQG LW KDV FRPH WR [RBERUWKHNVOAKHBW G KDRRIWMW R1 D ID
LV QRZ HPLQHQW 1%,06 FRE@EWNDX¥WLRQ LV FRPSOHWHG
FDQ SURYLGH WKH UHTXLWL® QDM XGI\GWMWE WHH @ WEFWD Q G L
WKDW FUHDWH PRUH VXVWQW®EDRSGH UIDEILUDLIW BXFXAGX WID\G L
WR VDWLVI\ RZQHUV DQG RIFRKIDBWWLPHREZHEHRVW LV OF
LW LV QHFHVVDU\ WR UHD QQJH I WAKLCHD RZIKH\D K6 XYAUKLH) X \RFSUH\U D
DQG RZQHUV FDQ FKDQJH RPREHVKKD U HM FA\R 06 DRIL 5.
D EXLOGLQJ ZLWKLQ GLIITHUKB W R QOWHHQ DOQNH W KA XPLRMAR H
LPSRUWDQW DVSHFW LV WRKPUGLPVMXWKH 2ERPROWDWRH HW
WKH QDWXUDO HQYLURQPHYW D:IKQWHQWRIEW RD @ LEHSRZ DC
DFKLHYHG LQ D YDULHW\ RD ZD g DXV D & S WRKIUKWE)EH WR W
%,0 LQWHJUDWHG FRQVW UKIFQWYR\Q , WHMK BGRR RPLISRU WD Q
WKH\ DUH QRW GLVFXVVHGDIKHG H BW X DR RRPAX §B 8 AL IIXFQ F W
IRFXV RQ IDFLOLWLHYV PDQRIHPHROWDL\H HW DO DQG [
7KH SDSHU DLPV WR H[S GRWH @XQ & KHHSEXLEEQW OLIH F\F
%,0 IRU )0 XVLQJ WKH OHGLM&LWLEQRMIBESWFRBAKHIOHOORFDWL
WKH 8QLYHUVLW\ Rl 6DO IR WEKDIVD U KKFOXYPIGDQRH LB/ R QIFHO R R
LQ OHGLD&LW\ IRU WKH FR QGIXLXW LRH PHLQWHR I (FKFDRZQHU X\
WLRQ LQ RUGHU WR LGHQWILLRP KV KHK BIW B QWRWKRQ &HIU FBRUH
FRQWULEXWH WR WKH%RXEO®BD QD BN PRIV JHEHYWLOHG OLVW
LQUDLQWH® R QEENMPRDIHPHAXWFK EHQHILWV IURP %,0 LV GL
WKH SDSHU

5XQGHOO VXJIHVWHG WK
)$&,/7,(6 0513*(0(17 RSHUDWRUV FDQ PLWLJDWH WKH
)0 3B&T&($1 E\ XVLQJ WKH KLJK TXDOLW\ EXL
&+$//(1%(6 IURPD%OGHVLJQ SURFHVV GX
)DFLOLWLHY ODQDJHPHQW L [(?NQF LP%) HRDQF!
ﬁsl LIH
ILHOG HQFRPSDVVLQJ PXO
WKH IXQFWLRQDOLW\ RI EXI §P FL\
JUDWLQJ SHRSOH SODFH B[E i\/ ; df ZKHl
&RWWV HW DO .Q VFH é? D
UHORFDWLRQ RI RUJDQLVDW (5 R

&RS\ULJKW < ,*, *OREDO &RS\LQJ RU GLVWULEXWLQJ LQ SULQW RU HOHFWURQLF IF



,QWHUQDWLRQDO -RXUQDO RI ' ,QIRUPDWLRQ ORGHOLQJ

%HVW SUDFWLFH SURMHBWR NRH PAVGI GRWKDWLRYWWHY VWDII
PDQDJHPHQW VXFK DV 6\GWRPH2SHUDHVRIDWH K DQG EXVLQHV
&5& OLWFKHOO Z ROKGG SMFOHQWRFOHGLDFLW\ 7KH
&ROOHJH *LOODUG HW DO FHQWSWBRMNFOWHGBEDRYWEHG QFOXGH
VRPH HYLGHQFH RI JDLQV DRQHH@HILWD AQURHPG% 0 JRQH YLUW
XVH 6RPH NH\ EHQHILWYV DEHILWDO SHUIRUPDQFH VSDFH DQC
IRU XVH LQ DFDGHPLF WHDFKLQJ
t $FFXUDWH JHRPHWULFD®URHQHUOQHOWB WVRIY RHRWYWHG GH\
SDUWV Rl WKH EXLOGLQJ5XVVHOO
t )DVWHU DQG PRUH HIIHFWAALR JL B IR WKIHWURRSRUWDQFH RI
VKDULQJ VRPH GHSDUWPHQWYV LQ WKH 8QLY
t ORUH SUHGLFWDEOH HQ&LWRJ¥YHOUHDIOY 8K RHHG IRU )0 &
PDQFH DQG OLIH F\FOH FRVWIQYHODWLRQ WR UHORFDWLR
t %HWWHU SURGXFWLRQ TXXbOW Q& AN HAFWHWLIR@QDIHP HQW
RXWSXW LV IOH[LEOH DQEPNHIERLWYCDO RWRPROWERGI/RFHVV
t (QVXULQJ WKDW SURFXUHPHH W QEH MR/ IPRQVPRYH DGYHUVH
PDGH RQ WKH EDVLV RIVRKRD® IOASRFMRWWWORFDWLRQ ZL
FXOWXUDO ILW DQG QRWHXR®HROOVXRW WY QEHKEDY\ HTXLSP
QDQFLDO FULWHULD ZLOO EH PRYHG IURP WKH H[LWLQJ
t (QVXULQJ WKDW SXUFKD3H¥)YRAQ @O EDRERRWECEHQWY UHORI

QDWHG EHWZHHQ GHSDUWPMB WP AKIHY@ IRV DVEXOWMD I DQG V
XVLQJ WKH IDFLOLWLHYV IURP 6HSW

+RZHYHU WKHUH LV vWLORIPANIRP@BA4PYI NYIFWLRQ WK
GHQFH RQ ZKHWKHU DQG KRXH,UH¥RRYEKeRIHW KRP RORJIV DGR:
GHFLVLROQ PDNLQJ LQ IDFLOLWLHY PDQDJHPHQW WDVN

E\ WDVN 7KDW LV WR VD\ G%Yéhwgﬁ&Qng oDy 9B & DW D
SRRO PRUH EHQHILWV IURP %,0 TRU IDFLOLWLHV DUH

VWLOO WR EH FODULILHG DRGHHIER RVOMS LQYHY WWHPMM &Rz
ZD\ 7KLV LVVXH VKRXOG EHHH[BSOWR UG PSS O MM U\ ONWG FR Q G X F \
WKURXJK UHDO SURMHFWVWKKHKORPPBRYLWY BHFONGURI LQ OHC
LOQWURGXFHV WKH OHGLD &L\ §WRAMMRE Wz LAKK SO UW IWKD DU IR
FDVH VWXG\ RI %,0 H[SHUL RFiRQWRWER®HRUWRKPDIOQWHQDQFH
WDVNV DQG FKDOOHQJHV )0 RI WKH OHGLD&LW\8. IDFLOLW\
FDQ FRQWULEXWH WR WKH VSDFH |

Rl WKH OHGLD&LW\8. IDFLOLW\

+(0(",$&78. 352- (&7UHORFDWLRQ DQG RSHUDWLRQDO

OHGLD&LW\8. LV D SXUSRVEHEXVoW WHHDEWKLAE bQ@EIROORZILQ
PHGLD GHYHORSPHQW LQ 6DOKRUFPURY\WXGHRULHQWHG TXDC
FKHVWHU 8. ,w DLPV WR ERY %L\MEBMWH{\HUF% PRBPLVRQ DQG

QLHV IURP DFURVV WKH vMARRRULY &E %%@LWkWDQDV H[ST
LQWHUQDWLRQDO FHQWUHWRKdJBi FifoW KD F(H"E M RO
PHGLD DQG FUHDWLYH LQ W HH E/DV MWX \ UHVHDUFK P
7KH 8QLYHUVLW\ Rl 6DOIR U "BJ Wi th% WHUYLHZ
RI D EXLOGLQJ LQ OHGLDFLW'T'Y RIANQ J' U D FROOHF\
VT IW RYHU IRXU IORRUYV szQ% RIoRR e QVRDWLRQ F
WKH 8QLYHUVLW\TV WKUHH rlr Q % BQLSYR WKH (
FDPSXV DW 3HHO 3DUN 5X\\/\'7'|Ef aywu YLHZV Z

&RS\ULJKW < ,*, *OREDO &RS\LQJ RU GLVWULEXWLQJ LQ SULQW RU HOHFWURQLF IRUP
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J)LIXUHKAD WAV ) SGRWRFRO

[ Step 1: Conduct Interviews ]
Stage 1: Conduct <
the Case Study Step 2: Develop BIM model the University
U Building in Mediaaty

Step 3: Concept mappingfor qualitative and
Stage 2: &nalyze the interpretive analysis

Case Study Evidence \
ﬂ [Step 4: Hands-on experimental analysis and

Stage 3: Conclusions (
& recommendations >

benchmarking
-

Step S Draw conclusions and
recommendations

WR ILQDOLVH WKH )0 WDVNV BRANRBE WRH &$6 (H[SHUL
PHQWDO DQDO\VLV )LIXUHG7BHELE MYVRRKH &7,2H VWXG\
SURWRFRO WKDW LV LGHQWUIZHS® ZLWI$ WKH+HRBYOGHUDWLR
JLYHQ WR FRQVWUXFW YDQRGLWA (9QNM2BORDPDO YDOLGLW\
HIWHUQDO YDOLGLW\ DQG UHOLDELOLW\ LQ WKH UHVHDUFK
$Q HPSLULFDO LQYHVWLJZWL\VRHPRIVOINUIURKGWHMBER LQWHUY
UDU\ SKHQRPHQRQ ZLWKLQRXW ZUMIKOHOS HHU WK QMVQH)[IW L@ L W |
RQH VLWXDWLRQ LQ ZKLFK FDORH F/IWXICR P H WKKR@GRORI\ DUHD
LV DSSOLFDEOH 7KH IROORRID@AVHYFHD ERAFRKQBQWWHUV SHF
<LQ ZHUH XVHG IRU WKKDMNAHOHRZIHRM WKXHOFD®B WR LGH(
VWXG\ SURWRFRO LQ WKH BHQHDWFYX RI %,0 IRU )0 )XUWKH
WHUYLHZV ZHUH FDUULHG RXW Z
$ VWXG\TV TXHVWLRQV RI WKH XQLYHUVLW\ DQG ZLWK
WV SURSRVLWLRQV 'LUHFWRU ZKR KDV UHVSRQVLEL!
WV XQLW V RI DQDO\VLVLW\LQ WKH OHGLD&LW\ SURMHF
7KH ORJLF OLQNLQJ WKH I6DQMDH @ RHYW O € WRBERNM_ LQ UHO
WLRQV DQG FRQWH[W 7KH LQWHUYLHZ TXHV

7KH FULWHULD IRU LQWHYVKH NWYL &P WKW DREGW §HiVOHYHO
WKRVH )0 WDVNV GLIILFXOWLHYV

KH UHVHDUFK TXHVWLR 7
7 YW LDIPHEN B HKRHILWY DQG G
3ZKDW' 3ZKHUH' KRz~ DQWLER\RE WB‘BL)%VHRU WKH XQLY
WKH UHOHYDQW VWUDW HJ\bW RWEHT x8H&E Béla \)\PKHS\%BM&'BW
RI WKH 3KRZ" TXHVWLRQV LRRRRHWES MRVpBDSSL
H[SODQDWRU\ FDVH VWXG\ \ | C
BB RPN EN BUWERNFWXDO %
ILFLHQF\ JDLQV DQG LPSURYH PHith WvOL B;PW W B rR QuRI W
Rl )0 DFWLYLWLHV LQ UHO R LYk L
BAHRD QPR LRk BH LS P&k WY LAPY G
EXLOGLQJ LQ OHGLDFLW\ 7KRHxBYGKRWHEWES G HQJ
WKH FDVH VWXG\ LV %,0 7K4K6E£F|\FL[@ R
WKH SURSRVLWLRQV DQG WKHS @EMWL%%QJ@UI—WWE
WLRQ RI WKH ILQGLQJV DUQ%%&FUVM/WZ%\H &KIOR GPWHV
DQDO\VLV VHFWLRQ RI WKHV§BOHSTXLSP
7KH IROORZLQJ VHFWLR&@IWSQDME%
LQ J)LIXUH UHVSHFWLYHOV)& LQWH

NO
NS

&RS\ULJKW < ,*, *OREDO &RS\LQJ RU GLVWULEXWLQJ LQ SULQW RU HOHFWURQLF IF
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JLIXUGSDWLBODUEKAXLOSR VIR RYGHE S D ALKS\H Q WL XICHFGV LR Q V
50 :DOER X QGSHIIRH VR F DO HOLW BURR P

Location Zone (LZ)
Functional Spaces (F8)
Rooms (RI)

Places (PL)

7KH %,0 PRGHO KDV VSDWIHE] B&LMQEWERQUG/IXFK +RZHYHU
DV /RFDWLRQ =RQHV )XQFILR®@RO H RMF WK HSRRPVHQW L QG X\
DQG 30DFHV D IRUP RI KLMRROPK LEDPRPSDEHVFODWR %,0 7t
VLILFDWLRQ IURP ODUJHVWH ESK D GILDH G/ MKH VW&RRPFSIXOMCHWV S\ G
SODFHV ZLWKLQ D URRP 7KV \DKHOS\VNI XORFHU VY DQ ® QG KD
LQJ WKH VSDFHV )LIJXUH M)XK )2BRUHU WKDQ %,0 7KHUHIRU
7DEOH JHQHUDWHG |U SR RWHHHL % \(H @ RBRIOH EHQHILFLDO IF
VKRZV WKH VWRUH\V Rl WKH HE¥RQEHGWLFD SH@LRAXUH ZKLF
LW\ IURP WKH LQWHUYLHZ ILQGLQJV ZL\
)XUWKHU IXQFWLRQDO FOBMHVUHY WKH EXIODGLIE LVVXHV
DUH JHQHUDWHG IURP WKH %$Q LRE S8 FWVRRPPM)LIXUH VKR
FDOO\ 7DEOH &$)0 DQG %,0 FDQ SURYLGH VRPH E
7KH VFKHGXOHV Rl WKH Y@ RRY VDLW RN | ZHWWP CRKRIU GLIIHUF
IORRU RI WKH EXLOGLQJ D%H) D@Q\GR&SHD HY DWKIDG WRR &$)0 KL
WKH %,0 LQ 7DEOH IRU OLEUDULHV XQOLNH WKH %,0 P
$V VSDFHV IRU WKH 80Q L YYHZIHW RL BOMDURWEHBU W KDW %,0 Z
ORFDWHG LQ WKH ILUVW |REHIQIIR RV VL V § O i XDVO XIQEHAAVE R U H
LV FDUULHG RXW IRU WKHVIDRORRUZKRBIOWHPSKDVL]HV RQ WK
YROYHG LQ WKH FUHDWLRQ DQG PI

%,0 PRGHO 7KH PRGHO QHHGV WF

$B/<66 2) 7+&36( WHQWO\ SRSXODWHG DQG XSGDWHF
678'<(9,(1&( ZKLFK FDQ EH XOWLPDWHO\ GHULY

7KLV VHFWLRQ GLVFXVVHVL Og VSERE RRAVKH TXDC
LQWHUYLHZV DQG %,0 PRGH Y
FRQFHSW PDSSLQJ DQG KD % QF#?%/@%%\/}%HV\?J;HOﬁ

DJDLQVW WKH NH\ )O VVDVNLQJ ZLOO EH QR GLIITHUHQW IURP L

%,0 IRDFLOLWLHYV ODQDJP'I%Ql\q\ﬁGHUQ RIILFHV WR WU\ WR P/
HTXLUHPHQWY DQG YHU\ KLJK HQF

7KH PDLQ KLJKOLJKW IURPDWKHRSFWRWLRHY ZUWHKRXW PXFK
WKH )0 H[SHUW ZDV WKH %P 9RWMKDQPHI FIHVEDERQFOXGHG Wi
SODQQLQJ LQ )0 HVSHFLD®dREAWLQOWOUALCCOVBVRYWRGMKIRRG E

&RS\ULJKW < ,*, *OREDO &RS\LQJ RU GLVWULEXWLQJ LQ SULQW RU HOHFWURQLF IRUP
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JLIXUH DQ&SO ¥ QHIANRW KAH PRGEHOWYHORSPHQW

%,0 ,QWHJUDWLRQ ZLWK 7KH 95 PRGHO DFFRUGLQJ WR
ILUWSHDM®M LW\ 9 LV OHVV DFFXUDWH WKDQ %,0 F
JDPHV HQJLQH LV DOVR XVHG LC

7KH LQWHUYLHZHH ZKR SHRWKGHHSS PRIGWE DMRIARHY HU WKH
DERXW %,0 DQG ,7 LVVXHV RADWKMHQIB[BRBWO QPERUGLQJ WF
WXDO 5HDOLW\ GHYHORSPH®W RRGNLPSOHBHQYWDIMLRQ WK F
IRU WKH EXLOW HQYLURQPHERQWDEDVGILE QW LDRFRFX UDW \ WKRH S U
WLPH Rl WKH LQWHUYLHZ WWRRIZEKWHFKQNRQ EH® HQLWKE HV
GHYHORSPHQW RI D YLUWXIDQ &W IRL WL VEXRO®HOVSBFMW EBDQQ
ZKROH OHGLD&LW\8. EXLOG DQ&V WRWRICHOYIDER UFDW LR X USR V|
ZLWK WKH 8QLYHUVLW\ RI 6DOIRUG DQG FRPPHQWHG
HIWHQVLYHO\ RQ WKH DGRSWBO OEQURINFR QK HQFRIQI KW
FHSW PDS LQ JLIJXUH  ZKLFRIZD VRIH W@ S HELV ILUW P
WKH ILQGLQJV RI WKH LQWI—DlD\FLLI-QLZNW'ﬂ(V\NO(@i@@J-HE’PHlQNV
FDSWXUHV WKH UHODWHG LVVXHV Rl 95 DQG %,

7KH 8QLYHUVLW\ ZDV LQ@@dﬂ%HWbHéﬁBWWM@(ﬁ (VWDWI
DQ LPPHUVLEOH 95 SURWRWHEY RY WL REH EpkYHIXO LQIRI
W\8. EXLOGLQJV IRU UHDVHQUG«/R@KW\H RRPPUHUHG )0 VWU
QLW\ HQJDJHPHQW LQWHUGDWRRH @QMVB\@FBU UMK H B
WLRQV SUREOHP VROYLOY WKbcPXILQ YRABEXWWR WKH 0
SURPRWLRQ 7KH 95 PRGH kib& Wy bbb BLBIJGLITHUHQW
IURQW HQG ZLWK QR GDWDEDW MWKk QR EIGHYMUE OHGLE
WLRQ SURFHVV HQFRXQWHW@”@'LMQWWL‘-#\Z VKA FiR\@ F H §
HUURUV LQ DUFKLWHFWXUYBbFIEEBY L®PIVHRRZIHE G RYRP WK
PRGHO JHQHUDWLRQ DQG VMWINHKRIOEHOLMPHYE P Y HUV

ZKLFK UHVXOWHG LQ H[WH@@ﬁWW‘b\é AW LRP R PR IHV DC
WKH XQLYHUVLW\

&RS\ULJKW < ,*, *OREDO &RS\LQJ RU GLVWULEXWLQJ LQ SULQW RU HOHFWURQLF IF



,QWHUQDWLRQDO -RXUQDO RI

* ,QIRUP

7DEOGHWR VHW \WH Q BI\J D RU#HIEH P RG H O

DWLRQ ORGHOLQJ

/HYHO | OHWHUV| /HYHDPH (OHYDMQHRWH UV

&RGH | $ERYH

/HYHO | * *URXQG )ORBULMHYEEDWNBWXGDERUD
WR WO DV VY SOQIFE V

/HYHO YLUVW ) O RRIL YHIRB/ROM\® WX GRRRUDWRULHV
RIILB@XQDVVVSQFE V

/HYHO 6HFRQG )0 RRUL YHRHIO® W A BWX GDER U D
WRURHVBIEQDV VY SQHE V

/HYHO 7KLUG )0 RRQLNHRIEO AMRIHIO BIQKLELWLRQ
RIILPHAH WLQEBKOWL IRQAWYRQ

/HYHO JRXUWK )ORRU /HYHO

/HYHO JLIWK JORRU /HYHO

/HYHO 6L[WK JORRU /HYHO

/HYHO 6HYHQWK )ORRU /HYHO

/HYHO (LJKW )ORRU /HYHO

/HYHO 1LQWK )ORRU /HYHO

/HYHO 7HQWK )ORRU /HYHO

/HYHO (OHYHQWK )ORRU /HYHO

/HYHO 7ZHOIWK )ORRU /HYHO

/HYHO 30DQW )ORRU /HYHO

/HYHO 5RRI /HYHO

/HYHO 5RRI 7RS

7TDEOYKQFWNVBQBRBMEKLOGG QW QIHHG U D RUWHIKEH PRGHO

)6 &RGH

)61DPH

Y6'HILQLWLRQ

*

/ILYLQJ

/IDERUDWRU\| /LYLQJ ODERUDWRU\

XVH DUHD

FHLOLQJ FROXPQV HOC

&LUFXODWLRQ ([KLE

WR ILUVW IORRU

LSHICRDJHG VHDWLQJ DUHD DFFHVY

WR OLIWYV

&ROOD

ERUDWLRQ OHBREPORQGURHITHQ VHDWLQJ DUHD E
IORRU EULGJH WR VWXGLR URRP

POXVWHUV R
V

9HQG %UHDNRXW

.LWFKHQ NLWFKHQ VWRUDJH VH

DWLQJ DUHD

&ROOD

ERUDWLYH 69

BHOD[HG VHDWLQJ DUHD DFFHVV

WR OLIWYV C

2SHQ 3

ODQ 2IILFH %UHDNRXW DUHD O

RFNHU VWRUDJH FROXPQ

1HZV 5

RRP :RUNVKR

S-RXUQDOLVP UHVRXUFH DUHD UH

OD[HG VHDW

&ROOD

ERUDWLYH 69

DbHYRXUFH DUHD UHOD[HG VHDW
OLIWV OREE\ DQG VWDLUYV

LQJ DUHD F

2SHQ 3

ODQ 2IILFH

%UHDNRXW DUHD ORFNHU VWRU

PJH UHVRXU

&RS\ULJKW <

*
f

, *OREDO &RS\LQJ RU GLVWULEXWLQJ LQ

SULQW RU HOHFWURQLF IRUP'
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7TDEOHKHRRHMA KH G WX L O RMWMHHURWORR UV

! 7\SHV X 7\SHV ! 7\SHV X 7\SHV
*UR X QU )L U VoW 6 HF R@® 7KLYGU
* 8QLYHUNMIMV\ | /LIW /REE /LIW /REE\
/IREE\
* &LUFXODWLRQ &LUFXODWLRQ &LUFXODWLRQ | &LUFXODWLRQ
([KLELWLRQ %UHDNRXW
* 6WDLU BWDLUV &ROODERUD|/WLYH 6SI
* /REE\ &ROODERUDWIR®OODERUDWL Y|H/BSDEMRXW PUHD
OHHWLQJ $SUH
* 5HFHSWLRQ 2SV 0DQPJH | %UHDNRXW|$SUHD2SHQ 30DQ RIILFH
PHQW )0 2IILFH
* &OHDQHU
* 6HFXULW %BULGJIHV 3RG 6WXG\
* 0DLO /REE\ 2SHQ 30DQ|2IILEHRW 5RRP
* 3ULPDU\ |7 6\W5DGLR &RQWURO +RW 5RRP
WHPV 5RRP
* (IKLELWLRQ 5DGLR 6WXGLR $8RW 5RRP 7HFKQLFLDQ 6XSSRU\
* 5DGLR 6WXGLR #RW 5RRP 7HDFKLQJ /DE
* 6HUYHU\ 6HF ,7 +RW 5RRP 6HFRQGDU\|,7 6\V
WHPV
* BWRUDJH|[3UH$79 &RQWURO % +RW 5RRP /IRENHUV 6WRUDJH
* +RXVH .HHSLQBDFN 5RRP 6HFRQGDU\|,7 6A\VMLWFKHQ
6WRUDJH WHPV
* YXUQLWXUH 6WRIUH &RQWUR® /RFNHUV 6WRUDWHKLELWLRQ
5RRP
* 6WRUH 6WRUH 3& 6XLWH 9HQG %UHDNRXW
* *UHHQ 5RRP | '3/ /REE\ $9 6BWRUH
* /LYLQJ /DERUD'3/ &RQWUR® 7HDFKLQJ 3URMHFW 5RRP
WRU\ 5RRP
* '3/ '"UHVVIQJ | '3/ &RGQ "XEELQJ 7KHDWUBWRUH
WURO JRRFP
$ 6RXQG
* OHGLD 6WRUH| /REE\ OXVLF &RPS 6XLWWRUH
* /REE\ /REE\ 9HQG %UHDNRXWG6WRUH
* "LJLWDO [OHG|LD &OHDQHU 3& 6XLWH
3HUIRU /PE
* 7HDFKLQJ 3/OD\E[DOAHNHWLQJ
* '3/ 6WRUH &KDQQHO 0|3URGOX¥FOWL )DLW|K 5RRP
WLRQ
* 7THFK 6XSSRUW 21 (GLW 6XLWH 6HPLQDU $UHD IRU
ILFH ,7 9LGHR (GLWLQJ 6XLW
* 79 2YHUVSLQO (GLW 6XLWH 1HZVURRP
6WRUH 'RUNVKRS
FRQW RQ@RIOO RLIHI

&RS\ULJKW < ,*, *OREDO &RS\LQJ RU GLVWULEXWLQJ LQ SULQW RU HOHFWURQLF IF



,QWHUQDWLRQDO -RXUQDO RI

TDEOHRQWLQXHG

' ,QIRUPDWLRQ ORGHOLQJ

* /REE\ (GLW 6XLWH 8 & 005/
* 79 BWXGLR % /LEUDU\ 9LGHR 3UR|FHVVLQJ
IDE
* 79 BWXGLR $ /16 6WDII +RW 5RRP
* 79 BWXGLR 6WRUH AXLHW BWXEG\ +RW 5RRP
* 6HUYHU 7HDFKLQJ
6WDII $UHD 6HFRQGDU\|,7 6\VHDFKLQJ
WHPV
OHHWLQJ 5HVRXUFH
6WRUDJH
7HDFKLQJ
/HFWXUH 5RRP | 7HDFKLQJ 5RRP
$XGLR 3RVW 3URGWRUH
WLRQ
/REE\
6RXQG %RRWK | 9LGHR (GLWLQJ 6XLWH

7HFKQLFLDQ 6X$SROQWURO 5RRP

/IREE\ OVF 6WXGHQW 6SDFH

OHGLD 7HFK /DE| )XWXUH ([SOQVLRQ

6WRUH &RPSXWHU [FHDFKLQJ
$UHD

6WRUH &OHDQHU

LWFKHQ /ILYH %RRWK

6WRUH 7HDFKLQJ 2ILFH

/REE\

AXLHW 6WXG\ &RQWURO 5RRP

,/65HV R %UHD

OHHWLQJ

OHHWLQJ

7KH )0 SHUVSHFWLYH IRW WKHFOWNGRD &0 &WX8V RYHUVHHV D VF
EXLOGLQJ LQYROYHV DQ DDUHBPH@WHWKDWWKRRHDRNQRZOHG
WKH )0 WDVNV ZRXOG EH FRYDHU KB YEH WUKHIDGW QB DA W3 EHQHIL
ZKLOH WKH 8QLYHUVLW\ ZRI)WQQ® \E HRUHNSWRQWY.EFH SBERYLVLRQ
WKH RWKHUV 7KH SURSRWHRQ SWQHKIYWUVKM % )® PRGHO LQFRL
PRGHO VKRZV KRZ LW SO DIQY RAURP DBWIDRQRWH RMKIHEG IRU )0
ELJJHU )0 SURYLGHUV WR FDUU\ RXW VRPH VHUYLFH
SURYLVLRQV IRU WKH 0HG LPe&R @ Q Ha:IHVSE OFLGE B)H W\
LW FDQ EH DQ HQRUPRXV WHOXNOGER QP kERYEH ®RP WKH
PDLQ FDPSXV

7KH LQWHUYLHZHH DFNQRIRBYREDWERE FFWWGKHP FKDOOHQJ
GLG QRW KDYH KDQGV RQ 'N&VrY & H PHGW DAL FUHFWRU - Z1

&RS\ULJKW < ,*, *OREDO &RS\LQJ RU GLVWULEXWLQJ LQ SULQW RU HOHFWURQLF IRUP
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)LIXUHKHAR Q FRLS8D S W\ KURH\O D WANHRIHO/ D Q% , O

)LIXUHAHKHAR Q FRLB8D S W\ KURH\O D WNHREHE 5D Q% , 0

&RS\ULJKW < ,*, *OREDO &RS\LQJ RU GLVWULEXWLQJ LQ SULQW RU HOHFWURQLF IF
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LQJ LQ WKH OHGLD&LW)\ 3URRUIRVEHRQHEHNK DOV SSHFWEBE O\ L1 LQYV
XQLYHUVLW\ 7KH LQWHU Y L HAHHKKHLIKRUW B K \8 H & MHKFDAW WEKKH K D
OHGLD&LW\8. EXLOGLQJV D UQ8HHUDNXDXOMH B2 HBOE $WODQWLF
WKH FRQWUDFWLQJ FRPSDOQLALVDIQW DMKXH 8QLYAKULWKWHPSOR\HG
RI 6DOIRUG LV RQH RI WKHOWHHQIXQ WM SPR DL VIHR/XOWKRZV WK
WKH FRQWUDFWLQJ FRPSDRPRUHHEBQEBILKDY OF HHUWWOLQUDFWLF
)OO UHVSRQVLELOLWLHV IRU7 KR FFHR ®RF HABRAH PHDSU GQ) PLIXUH VKR
LVVXHV ZKLFK LQFOXGH WKHHEZMBQ GRNHNDIEVMMEHR T IWR A WKH L
EXLOGLQJ OLIWV DQG SODQWMW RK DWK MHHMW H WBHW IHFRHH 8D R N
DUHD 7KH FRQFHSW PDS LYLHEZWXBPRIQGXKWHIG LW EHFDPH FOF
GHYHORSHG IURP WKH ILQ®RGBINORFDQWHUYWHD EHQKHILWY +
WKH OHGLDFLW\ GLUHFWR UF KFROLSFW XRIHYGWRIEMW D Q FROO IRU )0 V!
OHQJHV IRU WKH XQLYHUVLWREWUOG6LQUW QPCHELIHUWIDLQ D
7TKH XQLYHUVLW\ ZLOO RHAFXWSV WICHKs HIGU E WQIHRRIXWY RYHU WK
IORRUV RI IORRUV RI WKES$QBIGLRIE LMWQAVWEKWOIHAHHY UDLVHG
6RPH RI WKH WDVNV IRUPLRVHUKNMQRIZIOMIBUHD AR EDW KW\ EXLO(
)O VHUYLFH VSHFLILFDWLR@BBBSWHR®ULLQV)) 0U HHAFKH.FW LRIOR X O G |
FDWHULQJ 7KH LOWHUYLHZDHRR DBOE R 7.KPSVO LW K HWEHD MG WKRI DV V
)OO PRGHO DGRSWHG LQ WKRORDMWQYFXBRYWURILWGRSWLQJ WK
FDPSXV PD\ QRW EH HIWHQ G BERRJUS RGRWW HXGE HRIUWNWKDH. QL QJ +F
XQLYHUVLW\ EXLOGLQJ LQ WHGEGNYDLR&MZWHV XDIWHHQ W KDW WKH
YHUVLW\ KRXUV WKH VWXGHWHGHWWY LLF YD GLHS BRWHHQWL. D O
ZLOO EH UHVSRQVLEOH IEBWKKHRUOWYXHUNLBRWLYLWLHYV DV
ZKHUHDV WKH )0 FRPSDQ\ DHFXQW DNVXKY DMXG Z) OO PDLQWDLQHC
VHUYLFHV RXWVLGH WKRVH KRXUV LW HYHQ WKRXJK

HITRUWY DUH EHLQJ PDGH WR ® ORI H®HD & B 8 QWHRIW LRQ
IRYO LQ O H&GMD

2YHUDOO $QDO\VLV RI
L QWHUNLMGZLQJIV 7KH %,0 PRGHO UHYHDOHG D JRQL
ZKLFK ZDV PLUURUHG LQ WKH JUF

9DU\LQJ YLHZV DQG H[SHUUPRRHWYV ZKHMWKHMHWDDG WRVW ZHVW
SRVVLEOH FKDOOHQJHV DQ® WoUMH IEHIRHIAMGY ZW\WR K) W KH VW XGLF
RI' WKH XQLYHUVLW\ EXLOGIRQVWXOGORGADRELWWRGHR VWRUH
UHYHDOHG IURP WKH LQWH UYLME W R RUKH [@PRBWHK ZHUH OLYL
WKH DGYDQFH QRWLILFDW IRRS® QV R OMKHDEXHLDD & RQW KKH W BRWX W K
FDQ KHOS PLQLPLVDWLRQ R} FUXWXSWVYRRXYVGXKHQUH\ LVVXH
WKH PRYH H[SHULPHQWDWLRQ

7TKH GDWD PDLQWHQDQFH FRIQ VWUXG ZRY DHOMRGHVLIQHG W
KLIKOLIJKWHG E\ WKH LQW HWRCLOHZHHWHM [ WRIQ GILRB SORHWKH LUV
WKHLQWHUYLHZHH ZKR KD & R D¢ PUHVH MHHLQ@V LORIQP B QIGHGW X G LR |
UHVLVWDQFH WR WKH %,0 VEB®®HFHXWDHWVYRY QRIKW KHDY\ VW
DQG HPSKDVLVHG WKDW ZHXWQPWIXQWDURBW BERXOG DIIHFW V
VRIWZDUH ZRXOG GHOLYHURWPBRHERAVMTROMIRHFEQWAKXEBRR $ DQG
)J)OLQ DGGLWLRQ WR &%$)0 ENDYRPXFRKFRIEHY DQWR WKH EXLO(
D PRUH IDPLOLDU WRRO ZIMWR MK MV K H RXEGEX VOARRR UMKID\QW  ZHV
%,0 7KLV KRZHYHU LV DUJXDIEHXH BDH/FR®WKWY UDIQQ WHIIRUWD QW
YLHZHHV KLIKOLJKWHG WKIVWKWKBHK QPG O MAKHHQMFROWHIPRH@ W1 R 1 X!
%,0 ZLWKLQ WKH )0 LQGXVWRISH® >XS®™® QURYHBG HHRDRYWU WKH ¢

&RS\ULJKW < ,*, *OREDO &RS\LQJ RU GLVWULEXWLQJ LQ SULQW RU HOHFWURQLF IRUP
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J)LIXUHKHAR Q FRLS8AD S WW KFHKYD O OHQ@OWVR KOMRW KHQLYHU VL W\

JLIXUHKHAR Q A58 SWWX KB VK D O OIIRQIEHYL Y HHEXVLIOGQ PG LD & L W\

&RS\ULJKW < ,*, *OREDO &RS\LQJ RU GLVWULEXWLQJ LQ SULQW RU HOHFWURQLF IF
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J)LIXUHKHAR Q FRL58\WH S DRRWWH U R MHMHHL YV V KUHRW KIQ WHU Y LH ZV

YHDOHG WKDW WKH RSHQ S@ DX I UM B XD DEHG SREXW IORRU
ODWHG EXW HDFK LWHP KDVLW@LELF BGQWP DG ROG\E WIR WHKIN L F L
PLQLPXP GRRU GLPHQVLRQFNRRW W BXWMLRO\WP RU%DRWR )0 PDLQ
VHFRQGDU\ DFFHVV GRXEOWLGRRRUNVQG VSDFH PDQDJHPHQW Z|
$UHDV OLNH WKH QRUW KVHPDW LSTDUOVD \RD Q\DKH WWH,G YLD %,0 H
PRGHO RQ WKH JURXQG IORQ WWI DROIOR PIQQR SHKE VHIIFV LR QV
ZLWK /LYLQJ /DERUDWRU\ BQW®& KH o HLMRKRIPOKIDN HID DER U D W H (
KHLJKW WKDW H[WHQGV WR)W MWD MNWW IORRU UHVHPEOLQJ D
PH]]DQLQH IORRU DQG D IRRW EULGJH IURP WKH PH]
]JDQLQH IORRU WR WKH HDVWROQ W bW R R Pov® 9obhQ Id d- WY LQ
7KLV DUHD ZLOO UHTXLUH DHEXRBRWW SRR IDOEPHXLWRLQJI /L
SRSXODWH ZLWK IXUQLWXUH DQG D JRRG NQRZOHGJH
RI WKH HOHFWULFDO SRLQHRPPVYVEYXR| B00pFHQUIHLWN VIRY Ut
KXPDQ WUDIILF LV H[SHFWHE QLA o WEG\COPEIP LV FRQG)
$W WKH VHFRQG DQG WKEFRY¥ TORFGV VwKkERAXD WX YRIW LV?
GLVWULEXWLRQ GHQVLW\ IYEBYWK® %, 0 PRGHO EDVHG
RQ GUDZLQJV ZHUH VLIJQLILFDQWO\ KLJKHU WKDQ WKDW

&RS\ULJKW < ,*, *OREDO &RS\LQJ RU GLVWULEXWLQJ LQ SULQW RU HOHFWURQLF IRUP
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J)LIXUE&RQFRGZS0O O X WWHHERAW M X MKRAH H[SHULPHQWDWLRQ

)0 6RIW 7DVN 21ILFH 6BKOHFHDGROWHG H[SHULPHQWDO \
PHQW $XGLW RI VSDFHIRW MO DOMIGR® & MSDSFHE\ WKH 8Q
UH GHVLJQV )OH[LEOH ZRUNLK[LEQKB RQYLRLIQBRSHQ SODQ
VSDFH XWLOL]DWLRQ P DSIDUWPYHD WQ WG UDHFMWUREQ DUH HQ
WR UHORFDWLRQ WKH WREBDEGOVRRXRIDBHG IBY VXFK LW
VWRULQJ DQG UHWULH Y MDKDIVD \R K IR CDEIRR'GI XASHDGVLQ O H[S
FRQVWUXFWLRQ EULQJVWKKHRBGE G B @ LDREMDXD FAFDH RI WK
RI VSDWLDO LQIRUPDW L R\ORRIBIGDWHRP & B W HAXPWIQH LWV LP S
WKH UHORFDWLRQ SURFBIQ® RAKAXNSDQVWVFKBBGHME WKLV
WKURXJK WKH %,0 PRGHOBDV IDFEHWHWY WR BE®BUYH DUH
VSDWLDO LQIRUPDWLRQ IMBDFBIQ&QFWKRQV DQG UHODWL
LPPHUVLYH LPDJH DORQMRZDQRWKHWXOW. LQYPSDFH SUHSD
OLPLWHG )0 YDOXH RI WKHWWRGEO XSRZRRPY IRU OHFW XL
WKH SUHVHQFH Rl WKH SSIH$DEDWL REDRNHRRBPV IRU FR
DWWDFKHG WR WKH ' JHFPRHMUYHGQEY%,D YI@QQJ WKH %,
QRW RQO\ DOORZ IRU Y LADXDIE DSISW HIFY D WILIR QUSDW LD O
GHVLJQDWHG IXQFWLRQ FRUH /KK § S0 RH. NBX WKPDIQQ @&/ XUH S
DOVR KHOS VSDFH LGHOQWILRIQRDWLR QL WAU@IWGR@\D $W L
IRUWLILHG ZDONWKURXJKYH ZKWER FD@ QLIHWXRIWVKH E XL
LQ PRUH HIILFLHQW XU QLOAGX W SCAFHHPHH@W BIQ GX U Q L W X
DOVR SURYLGH WKH SD QNHFHW VDE\L Q@d PUPRGHEB XQGHU L
UHTXLUHG IRU RQ VLWH )QIGHPDW.IRRQ PO QEDVH FDQ S
GXULQJ UHORFDWLRQ VXFX WX H HPOPEHW DQG W\SHV RI
ZKHQ WKH\ DUH GXH IRU FKDQJH
'XULQJ WKH EXLOGLQJ RSHUDWLRQDO OLIH F\FOH
WKH FUXFLDO LVVXH ZLWK UH)® 68 WW RDWSID F HSRDHIDYIHQ J '
PHQW EHFRPHV WKH VSDFH R®HODWLRIQDD PREHB! WKH E

&RS\ULJKW < ,*, *OREDO &RS\LQJ RU GLVWULEXWLQJ LQ SULQW RU HOHFWURQLF IF
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IDEULF Rl WKH EXLOGLQJ ERQ@® WILHATXWWHD WRPPHD WH JLF WRF
IRUP RI PDLQWHQDQFH 7KH BRRWR LAQRGRYWH IXQFWLRQDO
IORRUV ZLOO UHTXLUH FOHD®RIGQW TDRM WBRHAXMRW\ 6HFXU
WLPH 7KH %,0 PRGHO EHLQWPHGDWORRDWILRIHGELOO EH PRI
SURWRW\SH RI WKH DFW X DDFEWLYAGULLQN ZLQORIOYHG ZLWK V
WKH EHQHILW RI VKRZLQJ ERUP GRIQVHFXHWRMWQVEY OO LQFOXC
WKDW UHTXLUH FOHDQLQJ HTKH SPMIDVD VAV® BRRG W BUHV H G
HDFK HOHPHQW ZLOO SURYUWIBGIREQ\WR URQ WIDRMKRU WKDQ RS
WKH FOHDQLQJ VWDWXV DQPH QWK OB ®HDFRYIQYHOWYV WKH
FOHDQLQJ VSHFLILFDWLRQH[SHFWHG WR KDYH UHVXPHG I
)0 6RIW 7DVN :DVWH GLVIRVDERGEAG DNFD UHVXOW LV H[S
FOLQUULQJ WKH EXLOGLQJJRI GLLIWVFORDEH QHKILW 'XULQJ WKI
W\SH RI ZDVWH ZLOO LQY RRIYW KHP BXIOMHIL @D WWKHH UH LV 1XO
RI WLPH RYHU D SHULRG IXQFWLRPRCWMIOH EXLOGLQJ VHF
FDQ HQVXUH WKDW ZDVWH \VGLYSBNDOHBLIRW BEISURWUDFW]
FRRUGLQDWHG EHWZHHQ GHSTHUNPYRIWRLUEZRKRWWDQFHV %
SRVVLEOH LQ RUGHU WR LP SHRMHHHHEWLW®FWRRO DQG Sl
DSSURSULDWHO\ SODQQHGRDYEHLRQRHN BR ®GNWQWR I\LQJ VHF
UHGXFH ZDVWH GLVSRVDOEW RN WIKQW FDQXP®LVDWLRQ R
DFKLHYHG E\ VHWWLQJ XS WKGRDWY HDBNH ZDVAZHWFKERDUG
H[SHFWHG SHU IXQFWLRQDM®KN SIDHFGIR ALRRIPRAU WKH %,0 PR
SODFH DV YLHZHG LQ WKH %L 0QLQ WD WWF N ODLQXWR )RU H[DP
WKH %,0 GDWDEDVH 7KHVHQYIMDOHODWRRQEH WKH %,0 PRG
FDOFXODWHG RYHU D SHULR® BXWHEGH ZRLRKKHMWOISRQ RQ HD!
PRQLWRULQJ WKH ZDVWH GLVBRYVOO/RFNHWV WHOHFRPPXQ
)0 6RIW 7DVN SHFHSWLRDLO®XKHQS WXHDFLOLWDWLQJ W
UHORFDWLRQ YLVLWRUV DWKHFD&WQRXVIFDORRIQHEB| VSDF]
DIWHU IRUKHDOWK DQG VDMWMKH ENDYRQYJWWHRSHBDWLRQD ¢
%,0 FDQ RQO\ KHOS WR VSHFYILWEFKERDRM/ PDQDIJHPHQW U
VSDFHV DQG VHFXUHG SDWXRDNVHBHESMNHI EXLPDAMRU PDLQW
LQJ GXULQJ WKH UHORFDW)ORER B/D VB BGNR Q &DKAFXKODWLQJ DQ
VDIHW\ JXLGDQFH FDQ EH ¥REDWHB UWWIHODHWDXLUHG JRRG
DV WKH EXLOGLQJ LQWHULBBKZHY® P [DPXR NPWOH IRU PR
HQYLURQPHQW FKDQJLQJ UFDRODH RV H&HQRMKGH QW LI\ ZKDW
EXLOGLQJ LV IXOO\ RSHUDWLRBY ® UW K- UXIEBIBG LIRRP LWV L
EHFRPHV D VWUDWHJLF LQWHKWH DEPHL DIGW@ B HEHFRPHY RSHUD
WRUV DQG XVHUV ZLWK D FROWNBHR XEH® MWRXSURYLGH DFFX
DQVZHULQJ YLVLWRUVY LQTXRUPBHWLRBQURIGWRREY DQG VF
YLVLWRUV WR WKHLU GHVWRGRWDRGG WHRIXNOIDUIOD QG
KDQGLQJ RXW PDLO DQVZHWL @R LW FMAMNDJ FOIDPILQJ DQG
RQ PXOWL OLQH WHOHSKR GQRAKD R UH DMRZ HVPFEKERIDRIGQLP XP GL
VHWWLQJ DSSRLQWPHQWYV FIROHQD F UMHTYR WEREWHS RSHQ S
LQJ NH\ERDUGLQJ GDWD H@®WDRKH7 KVH OAWWDRMHIIX IRU WKH
WLHV LQYROYHV FRPPXQLFDXLIORE)L GD WD I ®RWIDFMQWDO DQ
DQG JRRG UHDO WLPH NQRZICEHH®IMWRR VBOFGIH LQ WKH XVH
LQ WKH EXLOGLQJ DQG LW W XXFSKG B MUHGX PX @FVDIFRIQ W KH QH H
7KH %,0 PRGHO EHLQJ D SUFRKWRW P @D IHPH QW EHFRPHV F
EXLOGLQJ ZLWK GDWDVHW V VW SIDERH/BDSHRMIOZL QJ D VLQ

&RS\ULJKW < ,*, *OREDO &RS\LQJ RU GLVWULEXWLQJ LQ SULQW RU HOHFWURQLF IRUP



,QWHUQDWLRQDO -RXUQDO RI ' ,QIRUPDWLRQ ORGHOLQJ -D(

DQG XS WR GDWH YLHZ Rl /&8 B¥BEKSEWYWRM WRHD VDIH F
IDFLOLW\ KHQFH LW FDQ BE\WK M \HPGI WR GRARIMLBHGLFDO

YLWDO LQIRUPDWLRQ WR DRIRQGSHMRY ILAEHWLIQQRRIP DW LR G
HUDWLRQ GXULQJ FKDQJH LRPXUWKRU PR UGRFRDKH. RQ RI P
YLVXDO LQIRUPDWLRQ LV ADREQDW LIHVV R HDRJ KWW D FFHV
VWUHDPOLQH SHRSOH DQG GIRWLWRHQMD WX DH LRl WK H P HC
HOLPLQDWH FRQIXVLRQ )0 6RIW 7DVN 'LUHFWLQJ D
)0 6RIW 7DVN &RRUGLQDWL\QIHDWG DO BBQYIDO VHUYLF
D WHDP RU WHDPV RI VWD N H¥FRK FIRVHUP PDQURIQDQFH P
DUHDV Rl UHVSRQVLELOLWRORPB QD FRGHULQJ ZDVW
ZLWK LWV SDUDPHWULF DQGHRBFWLRO L'QIRUPDMIR® QG

KHOSV LGHQWLI\ IXQFWLR QD®QWSDF® \O LWRRPY BIOGWUDO
SODFHV 7KLV LV YHU\ LPSRUWRQMOE RDQD@IMPKHOW DQG
EXLOGLQJYV RSHUDWLRQDGEHORUHF\G R UL BB MI)G/BIWHU W
WKHUH ZLOO EH D VLJQLILAPGWUQPEHU RIWKH #,0 PRG |
PHPEHUV LQ WKH EXLOGLQD QW K$I0% @QRRG HIOVVHQWLDO

FDQ SURYLGH LQIRUPDWLRAR RQGWEHSHEXRICO BQQKRZ PXFK
VSDFHV IDEULF DQG TXDQWLWILIRYW DQG HIIRUW RQ NHH:
)0 6RIW 7DVN 8VLQJ SHUWNPRGFHHDO ,I WKLV LV W
PDQDJHPHQW WHFKQLTXHW & PRMQYIRQI DMK VRIW DQ
GHPRQVWUDWH DFKLHYHPHBMQRIIDWUWHH® VIH B B RQFRHO\ [URF
OHYHOV DQG WR OHDG RQ LPSURYHPHQW ,Q RUGHU

WR PRQLWRU DFKLHYHPHQWRRMWUHEXMIHROHRIHOY WR +DI
WKH EXLOGLQJ QHHGV WiYkH BEOBRPWWRRO QWRNIFA RSHU

ZLOO LQYROYH ERWK SHEWIRR®H PQ D HEXLOSLRV LV HOC
LQIRUPDWLRQ 7KH %,0 PRGHO LV QRW FDSDEOH

RI VLPXODWLQJ WKH WHFKQLIXHY¥ pMWK@D\L/dj\WHQDQF'
JRDOV: +RZHYHU WKH %, OsPFBzGrHP YWAAHREY K OHFWULFDO
LWV ULFK GDWDEDVH DQG Yk ¥X B PRV RS FPSKEHPEROV
WLHV FDQ SURYLGH LQIRUPIHY bR WK BWHZR PR K QR ZHU
PDNH WKH JRDOV FOHDUHUCH_Q,GLBQDIWQ R5Y 1% pv wi

DUHDV WKDW QHHGV LPSUR¥H %\NV/L IRUPDWLRQ URRF
)0 6RIW 7DVN ~ 5HVSRQGLQg So'sc';J JUlB Wﬁ'@ SRVLWLRQ
WR HPHUJHQFLHV RU XUJHOMNs IREXH) ,Jpéuw@wKH SRZHL
DULVH (PHUJHQFLHV FDQ |’—: 8.9 WRHISRWM. WLRQV RI H

IRUPV DQG LVVXHV YDU\ $W, W\K,WLEQ?I@U[PW\&HR/Q/QQJ WEKHLL
VWDJH RI WKH EXLOGLQJ o} W,%H\Pﬁk'@Gon +R 2
FLHV FDQ EH HQKDQFHG E\WKHB/HoRIGEIXGHY UHOHYE
YRU H[DPSOH D UHJXODU Gpdﬂlp&j—bﬁ%@ YW FDO SuURYL
D KDQGUDLO WKDW FRPHV 1§ | 5B QMWpB SR UV boc U
RU SXOOHG RXW RI WKH ZRQ@Py By EWSHuL0J HOJ
VLPLODU FLUFXPVWDQFH WHKHo %P %HQQILVVKH EXLOG!
DEOH WR SURYLGH LQIRUP (WJF§ G%D H WpedWhobpoFrH
GDPDJH DQG WKH ORFDWLRQ P\ RBANHP %$6 v
,Q WKH HYHQW RI D ILUH H%'ﬁe‘#h"\'/(?&uggﬁvﬁ/k-@ HORFDWL
' PRGHO LV DEOH DW D JOPQFHE\WRy I-\,@Q/\H_E\ XLOGLQJ

DOO DYDLODEOH ILUH H[L\MSVQ(QJ WHISWHWKYLHB Y EN Y 7 R

ZKLFK FRXOG EH XVHG WR | é'&%%@@@HJM‘%GHUVFRUF
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PHQW RI IXUQLWXUH DQG 6T B LPSRPGHHYOVY OMR. BKRYLGHV VLPL
FDQ EH YXOQHUDEOH WR WWHRN) VKW % KHPHRGHRONULFDO V\V
KDV D VFKHGXOH ZKLFK KDN WBHGEHWN L SMDILRWHQDQFH R
ORFDWLRQ QXPEHU DQG FRQG LGRIRROR D PREUHO GDWDEDV
VLQJOH ORFN LQ WKH EXLCFAUJHDIWRAKUNFIRUMBVYPD ZLQGRZ GF
WLRQ ZLOO HQDEOH WKH )OUWWO DIFW R HOFW X U MDMD \FDQ KHO
LGHQWLI\ WKH GHVFULSWLWBUQRFDKMH RIQWHAR®GRI| DQ\ GD!
WLRQ PDQXDO RI IDXOW)\ ORFNRUMGGLRYOWRKH BBUGRBGHO GDW
IRUD TXLFN UHSODFHPHQWL WK IPRGHOURDFBLFDQ ,QIRUPDWL
EH DSSOLHG WR RWKHU VHRXULKMH FRPSRQHQWWRMWULHYHG
WKH EXLOGLQJ SHUFHLYHG GDPDJH FDQ KHOS ¢
)O +DUG 7DVN ODLQWHQDYRHDORWYRQLIQWW®RUL[ LW RU FDOO
VI\VWHPV VPRNH ILUH GHWHFWDLR®@ MVWHPRKBBOKBLQJ WKDW I
ILUH HIWLQJXLVKHUV VLJQBDJWWIYGRHY BPRRWWDE@ RUV KDV

SODQV LQIRUPDWLRQ UHOWDIWHIG/ Md R WRBSIHILDWRRGDIROORZ L
EXLOGLQJ OLIHF\FOH DERX®HMRKHHQREBWL RRUGWMKH RSHUD
VFULSWLRQ ORFDWLRQ FRMXH WXRQGRIQWKBIWBQL® WDVN

NOHU VI\VWHPV VPRNH ILUH BWWWDWWRYV\FWRPEBOWHWLRQ RI
DQG ILUH H[WLQJXLVKHUVR X JEDADWWDFDRUEFRQWUDFWRU F
HVWDEOLVKHG LQ WKH %,0WRBGHOQ7ROOHEHUH.YH YDOXH Il
LW EHFRPHV HDVLHU WR LWHKEWARU PR FIDQWIRRIY RIWKH EXL
IDXOW\ VSULQNOHU V\VWHRW HWP HJBEP %QHIV DFFXUDWH
ZKLOH D &%$)0 VRIWZDUH HQUDBOHY KYWDW MR RI WKH SDUW
UHSRUW IDXOW\ HTXLSPHQW® LIZW WXHIMHGE FEBDRAYD HQYLUR Q
WLRQ DQG ORFDWLRQ RI WKWH X®LISPIHRQW DAVDIQRBHZ LW K ZKLF
TXLFNO\ UHWULHYHG IURPDW&HD ¥\ Bl VWRWKB FRPSOHWHG M
DQG DFWLRQHG SURPSWO\ 7KH VSDWLDO GDWD

LQ %,0 PRGHO ZLOO SURYLGH DQ LQYDOXDEOH

YLVXDO DQG QXPHULFDO LGBIRWPDIBIRQ VI\VWHP

WKDW FDQ KHOS LQ GHFL&211Q% 886A0UH WR SRVLWLRQ

ILUH HIWLQJXLVKHUV DQG VLJQDJH

)O +DUG 7DVN ODLQWHQDXIFR RIHHAKD\OH[SORUHG WKH H[
FDO DQG (QJLQHHULQJ &RXPBH VXSS RUN WKH HITHFWLYH C
ODLQWHQDQFH RI 0 ( IRUGGWKW REHUBWWVMRYDXYVLQJ WKH XQLY
OLIH F\FOH VWDJH Rl WKHREXH Gl HIIWBQ EWM ¥KBZV WKDW 9
ULHG RXW ZLWKRXW D %VXPRREWHD IRRMKHWPIRUHPHQWLRQ
LI %,0 PRGHO LV XVHG ZKDPES@dF WWIHYQYMP QW ZDONWKIL
0 (FRPSRQHQWYV DQG LQIRBPDWHK IR PR HPIRFKHO DVVLVW )0 L
FRPSRQHQW VWRUHG LQYWWWXOEBWWRBYVHRY WKL EXLOGLQJ
WKH %,0 PRGHO LW EHFRPMNWVFR@VLNGHHFWMLR@Y GXULQJ UHC
DQG HIILFLHQW WR UH YV SHRRIE WIRX VO BRWW/HEG KIDW @W i ILFDWL
DULVH )RU H[DPSOH LI AWKHUEH QYW KXOBW EQSMHWWLQJ FI
LQ WKH OHGLD&LW\8. EXLVXEKQRY UWKHUGH HYH WREPHQW DQG

WKH PRGHO WR UHWULH YEXGJ HRNW pORULHRRY BIER W W RE FXUDW
EXUVW SLSH DQG YLVXDOOQGDVNKNGKQI RRDODWNHWLEXWH S
EXUVW SLSH ZLOO DIIHFWQRRMKHRWE IRSH PR @K PEHI) DQG WIS
WKH UHVW RI WKH EXLO®RQEH RRRPISYDER @ \VRWKIMN FRVW LC
IDFLOLWDWRU RI WKH D SBRNRISQL B R VE-ISHIIPIWUHR K H
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7KH %,0 PRGHO DV D SURWWRWYEH RIOWKEHXLOGLQJ FRPS
DFWXDO EXLOGLQJ SURYLGMVPDGHR BPDKRR Q QRIQVWEBFH UH ¢
HTXLSPHQW IXUQLWXUH DZFEMHW \VZ U\RKWH D X/ISWKHQF V& H5 R W
EXLOGLQJ VDIHW\ V\VWHP VX @KWMLROHVRF R VIBWKLIK OHYH
PDLQWHQDQFH RSHUDWLRQ@VKRU KVWH DHGHE F&IUW\LSG R U
EXLOGLQJ ZLOO GHSHQG YHU\ PXFK RQ KRZ WKH
PRGHO LV SRSXODWHG WKH DYDLODEOH LQIRUPDWLRQ
RQ HOHFWULFDO 0 ( DQG PHBKEOH&(BSODQW LVVXHV
ZLWKLQ WKH PRGHO DQG KRZ WKLV LQIRUPDWLRQ LQ
WKH PRGHO LV PDLQWDLQHSGJIR\\KHIU WLERRDWHWKS V. BVNN*K)H:P /
FDVH WKH %,0 PRGHO VHUY8 %ﬁ/bﬁ\ﬂ? H%Eég/
RI WKH EXLOGLQJ ZLWK LP
WKH PDLQWHQDQFH KLVWR FR@F SRIQOHQOW va
ZLWKLQ WKH EXLOGLQJ FRQ

,Q WKH HYHQW RI D PD HQ
HJ LQ WKH SOXPELQJ V\\Liﬁ\}%iSJ @* éH'B H&;LQJ Q|RU/F
FDQ SURYLGH YLVXDO LQIR&MRRIWIRQ RQQMZKi‘dDOB(EDJWLIRQ YL

Rl WKH IL[WXUH KRZ WKH PRGHOOH QUHIDIBMWH P XYORVWRLWRHRBU F
ILIWXUHV DQG WKH EXLOGL@JJ'BJR/HMW@M’&%WWJW&QFH

L RHE YDHLAR R

ILIWXUH W\SH KDYH EHHQ 9( RN @ Qg
EXLOGLQJ LQ RUGHU WR LQ f R H N lEIH
6XFK LQIRUPDWLRQ PDNHV LW HDVLHU 'R U WKH
WHDP WR LGHQWLI\ DQG Uré’rFWE'ﬂ\O%@-R% |

P Ql
LQ WKLV UHJDUG LV GHSHQ &%DWHI%Q [Q/Sv w@éxﬂﬂ‘&éw\
DQG TXDOLW\ RI LQIRUPDWLR

+RZHYHU LW ZLOO QRW EH HFRQRPLFDOO\ YLDEO

WR DGRSW WKH %,0 DSSUR EZFVP F‘a%gg@gﬁ @)‘(V 5
VPDOO SURMHFWV DV LW LRQ

TXDOLW\ DQG H[WHQVLYH WUDLQLQJ RI LWV XVHUV PD\

EH UHTXLUHG ZKLFK FDOQ Iﬁﬁz‘gPSURPL$ r%VQIJFy\ZCLvFPDHRgJ'LDFJLg\L(
DQG FRVW VDYLQJV IURP % M Q@LH(\?HG
2YHUDOO WKH OHGLD&LV\{anPE Ww%% Y i V¥ FE’ XFWLRQZL

XS RI RSHQ SODQ DUHDV IX( FWLR DO SDFEHV FORVHG

VSDFHV URRPV DQG VSDFH\ %‘Pg V
FDOO\ WR WKH QH[W IORRU_ % Q&é&
WLRQ WKHVH VSDFHV EHFRFP gwlmgrﬁé@wowﬁzux DO 6w
DQG DUWLFXODWH ZLWK UWW D XRNLRVORD QW W6 XGLHO\GLLIXY DB\ W KED L
XVH :LWK RUGLQDU\ ' &$'58HIU VMG WIOWMLROQR/! &KDUWHUH(
WKH VSDFHV FDQ EH YLVXDQQ& PSS UHELDWHG,ZJ WEQR 7k
VSHFLILFDWLRQ GHWDLOV dLQIEF\F¥ R QWHLW L VAR BIE Ka &
+RZHYHU GXULQJ GHFLVLR®FRUNDRERQYSDFH XVH

WKH GHVLJQHU )0 UHSUHVHQWD \ﬁ LYH QHHG,WR FRQYIW K\ o1

&

SURSRVHG LGHDV WR WKH Yly\bel W@@U@@@uﬁ@b@%@%’\}(
YLVXDOO\ DQG WHFKQLFDOQ\R[U(P[HMH(E&ULI@@DEOH WKHP

WR PDNH D YLVXDOO\ DQ Q QJ
GHFLVLRQ RQ VSDFH XVH

HQDEOHV WKH )0 PDQDJHU&M;R) I'T\IHY< LOWMJDZ +L
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OLWFKHO 6\GQZBHYWRXVHBVM/ X@WNHLO $ +\EULG GHVLJQ HQYL
#)0 H[HP SSOURMHBHHWHDUFK 5HSRURQLRPPHUVLYH DUFKRXMHABXUDO GHV
& S5HWULHYHG IURP KWWSRUPDZ[HFHFHK@\MIQLRXDP\AMLLR)Q:WERQ

L RYDWLR LQIR LQGH[ FD KWPO"LG
QQ QLQ Q [ 20RPRODL\H $ /L\DQDJH & / (JEX

ORKG 1RRU 0 1 3LWW 0 .DVKLEDIWLFQRZOHP®LD JHIRHQ W
YLHZ RQ LQQRYDWLRQ LQ ID F LIOALSNJLRS/HHUBIIRQ B XHPRHHQDWR IVQHBUVHLPRHHQ W

GHOLMHUWOLWLHYV 3DSHU SUHVHQWHG DW WKH ,QWHUQD
5HVHDUFK &R IHUHQFH RI WKH 5R\DO

ORUULV - %DOOHVW\ 6 'LQ&]KESUWMQRJW

OLWFKHOO - 6FKHYHUV + LQWHJUDWHG

FROODERUDWLYH DSSURDFK IREU(QJGiH\GQ.'H\ 2SHUBRRXDI® %,0 EHQHIL
)0 H[HP S BR F HHRW KBIAD W H U Q DRV @D DHORHQWH HEHBM ULHYHG [URP KWW
&RQIHRNKIFERIRQVWURPDWRYRWIZRFDGDO\VW FRP FDG EXLOGLQJ GHV

6\GQH\ $XVWUDOLD SS ELP DQG IP
1%,06 1DWLRQDO EXLO G L5V VGIRW P B\ MR QPR E B &LEGMN D O
VWDQGDUG YHUVLRQ 3DUWHWRYHYMIGHZU BP LIQWWSOHYZZ EXVLQH)

DQG PHWKRIDROIRRMBEVDRWOXWE GILRQIG DF XN FPV QHZV DUWLFOH "LG
6FLHQBMKLQIJWMRMQULHYHG IURP KWWS

72727
|DFLOLW\LQlRuPDWLRQFRXQFL&PhUJ ELP sxé'eli‘vaV\VLFH%v%ﬁNsKH % % &
QFKHYWOUEZINWWS PHQPHGLD FR X

QHZVV BILUVWBYLHZBRIBWKHBEEF
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