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/ILYLQJ 6HFXUHO\ LQ WKH -QWHUQHW R °
6SHDNHUV %LRV

3URI -HUHP\ :DWVRQ &%( )5(QJ )—(7

3(75$6 'LUHFWRU

3URIHVVRU RI (QJLQHHULQJ 6\VWHPV 8QLYHUVLW\ &
SHFHQW &KLHI 6FLHQWLVW (QJLQHHU %5(

3DVW 3UHVLGHQW RI WKH —QVWLWXWLRQ RI (
MHUHP\ ZDWVRQ#XFO DF XN

HHP\ : DMRQ&Y )5( Q) IV3RIHMWRURI (QIIQHHUQI 6\ \VIMP VDW8 &/ 8 QUWOUHAHQWD KH Z DV DOR &KIH 6AHQMMDQG
( QIIOQHHUDWKH 9XIGIQ) 5 HHDUK (VWEEQKP HOVYG(  $ SDWD +&/ * &KIH BAHQWIE $GYIVHU KH KDV VHQAIRUIQGXVMDO
H SHUHQFH DV & ( GZ DGV SE 7THKQR®J\ ' ILHARU DQG * REDCEHVHDUK ' LLHAVRUDW XS

‘HHP\ IV D )H@®RZ DQG 7UKMWMH Rl WH 5R DO$FDGHP\ Rl (QIIOHHUQI DQG UHAHQWSDWEKDIU R WH 1 DWRQDO
(QIIQHHUQ) 3RIA &RP P MWWH -+ 1V VSHADGAHV LQFOXGH HP HUIQ) WIFKQR®JI\ LGHQWIFDMRQ R\ EHWVHRXUW DWIKH ( GIH

VXWILQDE®! HQIIQHHUQ) Vi WHP VWIONIQ)  UHVHDURK VADWAJ\ DQG LOQRYDARQ SURFHWHY

HHP \ IV FXUHQW ' LWHARUDQG 3—RI WH VHYHQ\HDUe P 3(75$6 1 DWRQDO&HQWH RI ([ FHIIQRH IRU-R7 6\ WP V
&\ EHUHFXUW IXQGHG E\ (365& XQGHUWHe P 6HRXUQ) ' LIMVIO7HAKQRBILHV $VWKH 3HUSKHY 6 7D8 LQMDWYH FR

GHYHBSHGE\ -HHP\ 3(75$6 FRP SMHV  XQLYHUAMHV DQG KDV LOGXVIMDODQG JRYHUOP HOWKVHUSDURHLY/

7Z WU # 3WRI-HUHP \ :

'U OLNH 6KRUW &% ( )5(QJ )—(7 )-73

&KLHI $SUFKLWHFW 6DWHOOLWH $SSOLFDWLRQV &D
JRUPHU &KLHI 6FLHQWLILF $GYLVHU 'HSW IRU %XVL
&KDLU 8.7-1 $GYLVRU\ %RDUG

'UOINH 6BKRUV&Y DIWU  \HDW/ |Q WBFRP P XQFDMRQV ZIW &HMHW % 2 DQG 7HBIRQD MIOHG WH
" HSDUR HQW RU-QMUDDMRQDO7WDGH ' 7 1Q ' HAHP EHU DV WH ' HSDUR HQW [IDMEKIH 6FAHQWLE $GYMHU QRZ
FDOIG' HSWRI 96XMQHW DQG 7WDGH  6LQFH 0 DUFK KH KDV EHHQ SXWXIQJ D SRUMRIR FDUHHUDLRXQG IQQRYDARQ DQG
UHVHDUFK @UHO 1Q WIBFRP P XQIFDMRQV IQFXGIQU DV &KIH $ UFKIWIPADWIKH 6DM@M $ SSTFDMRQV &DVESXGDQG $ GYIVHU
R 1 DWRQDCBK\ MIFDO DERWDRUHY 13/  +H Z DV DQQRXQFHG DV WH I LUMEKDIURI 8. 71 $GYIVRUY %RDUG 1Q $SUO

8. 7HBFRP P V-QQRYDARQ 1 HVE RN

0 INH GG WH 6AHQAH DQG ( QIIQHHUQ) SIRIMMRQ DQG DGYMHG ' 7 RQ VAHQRH HQIIOHHUQI DQG WIRKQR®I\  +H
VXSSRUMG ' 7 RQ WH WIFKQEFDODVSHAW Rl H SRUVLQZ DUG LOYHWR HQWDQG LOWUODWRQDOHQI LOHHUQI FRADERUDARQ
DQG ZRINHG Z W WH 8. V UHMHDURK  LOORYDVMRQ DQG DFDGHP IF FRP P XQMHV VR ERRWMWRKQR®J\  DQG HQJLOHHUQD
H SRUNV +H DOR IHSUMVHOMG ' 7 RQ P DQ\ ARW +0 * FRP P IMHV VXK DV 7HBFRP V 6SDFH + HDOK DQG 4 XDQMP
DQG RQ RYHWHDV GHBUDWRQV VXK DV 0 RELBI : RUB &RQIUHW &(6 DQG: HE 6XP P W +H Z DV DQ DPWYH
P HP EHUR! * R6AHQFH DQG 6$* ( DGYIVRU DRAYMHY GXUQJ WH &2 9+ SDQGHP LF DQG D %RDUG P HP EHURQ -QQRYDWM
8. IRU \HDUW/\R 4

0 INHKDV  GHDGHV Rl H SHUHQFH LQ HBPARQIEY DQG WIBFRP P XQIFDWRQV 7KLY LQFOXGHG D UR®! DV 91FH 3UHMGHOWRI
7HBIRQIED WH SDIHQAFRP SDQ\ RI WH 2 P REL®I SKRQH QHVE RIN VR WH HQG R B10PH KH KDV P DQDIHG

WHOXQFK Rl * *60 DQG * P RELBIWIKQRBRIIVIQWHS. KHSHG Z1Q P REIGI GFHQHY RYHUHDV HWBEQKHG DQ
(8 RIINFHLQ %WXWHY DQG OWUGIG IQMODARQDOMVDUK IOFOGIQ) *  *  IQQRYDARQ DQG WBQGDLGV | RU7HBI RQFD
(XWRSH +H DOR Z DV WH GDG FRQEBFAVZ W WH 8. (8 SHVHDURK SWRIWDP P HV DQG -QMUDDMRQDOBVBQGDLGY DQG

P DQDIHG WH HQIDIHP HOWZ I 8. 8 QLYHUMMHV ' XUQJ WLV SHURG KH UDQ WID® RUO HWIDJLQJ DQG 0 REL®! -QMUHW
0 RELBI 79 6P DUAP HMUQI ' UYHUBMW FDW/ DQG -R7 +H KDV DOR ®IG WH GHYHBRSP HQADQG FREDERUMRQ LQ DUHDV

VXK DV ' UMZOKHDOM -R7 DQG R EHUHRXUW IOFXGQI DRWYH SDUAASDMRQ 1Q 3(75$6 DQG L6HQWH P XOM \ HDU
SWRIWDP P HV ANHG VR NH 8 QLlYHIMWAHY

+ 1V FDUHHU LOFOXGHY WH SURP RURQ Rl [OWUODWRQDOWIFKQIFDOWBQGDLEY LQ P REI®! DQG GLIMIOWRKQR®I\  +H LIV D
IRWP HU &KDILP DQ Rl WH * REDO* 60 $WRADWRQ WH 8. 0 RELBI ' DW $WRADARQ DQG Z DV 3UHMGHQWRI WH
QMIMURQ Rl (QIIQHHUQI DQG 7THKQR®I\ 1Q %H RQG WHVH HBIPMG %RDUG LRGNV KH KDV VDWRQ WH
* RYHUQDQFH YRDLGVRI (76— 7THAK 8. -QQORYDMS. DQG8. * +HLVFXUHOM® D 9IMWQ 3RIHWRUDWAH 8 QLYHUMMEN
Rl 6XUH DQG 6WDWFOGH +H KRGV KRQRWDY GRARIDMY ILRP %XQHCDQG : DUZ IEN 8 QLYHUAWHY DP RQUIVARWHLYY DQG
Z DVKRQRXUHG Z IW D&Y% 1Q | RUKLY VHUYLEHV VR WH P REL®! LOGX\AL


https://www.youtube.com/channel/UCcGWupSB_qtUJuMkW5IKACA
mailto:jeremy.watson(at)ucl.ac.uk

+XP DQVIQVKH/ RRS Rl &RQOHFWAG &LIVIHV
. H QRWH

5DFKHO &RRSHU 2%(

‘'LVWLQJXLVKHG 3URIHVVRU RI '"HVLJQ ODQDJHPHQW
IDQFDVWHU 8QLYHUVLW\

U FRRSHU#ODQFDVWHU DF XN

5DFKHOLY IRXQGIQ) ' IWHARU R -P DIIQDWRQ DQFDWMU KWE 1P DI LODWRO @OFDVMUDE XN DQ RSHQ DQG H SRUIDRU
GHVIQ BIG IHVHDURK FHOWH FRQGXPWQ)  DSS@HG DQG WHRUIHWFDOUHVHDURK LR SHRS®! SUIRGXFW  SOFHV DQG WHU
LOMUDPARQV 0 XK Rl Z KIFK KHUUHVHDURK KDV I RFXVHG RQ WH I XWUH RI AMHV DQG KXP DQ DQG SOQHBY Z HEBHQ) 6KH
KDV SXEQKHG H WQUYHD RQ WHVHVRSIEV IOFXGIQI ERRNY ' HVLIQUQJ 6XWIAQDE® &IMHV  7KH + DQGERRNRI :  HEEHQJ
DQG WH ( QVILRQP HQW / IMQUJ 1Q' LUMIO RUBV GHMIQQI WH GLIMIOSXETE VSDFH ' HWQ |RU* GREDOSKD@IQIHY DQG

* RDY

6KHZDv D P HP EHURI WH Y%DANAWAHYIHZ Rl 7KH -OMUHWRI 7KIQIV D/HDG ([ SHOMRUWH 8. * RYHWQP HQW
) RHAMIKWSIRIWDP P H RQ WH ) XWW(UH Rl &IMHYV ZDVRQWH 8. $FOGHP\ Rl 0 HAFDOGHHQAHY : RINQJ
JUWRXS DGEGIHWMQ] 7KH + HDOM RI WH 3XETF RQ WH ERDUG Rl FRQOHAMG 3OFHV &DMISXOV

&RP P MRQHUDQG &KDIURI 96XIY QYILRQP HOWBXEFRP P MWWH Rl WH 2 [ IRUG &RP P MRQ IRUSUHDAQD + HDOM\ &IV

DP HP EHUR! WH -QMUDDMRQDOSAHQRH &RXQAO&RP P WWH RQ 8 LEDQ + HDOK DQG : HEEHQJ D FRP S®{
VWP DSSURDFK DQG LV &KDIURI WH 8. 3UHYHOUWRQ 5HVHDURK 3DUHUKIS 6AHQWIE $GYMRY 9RDUG
5 DFKHCKDV EHHQ D FR LQYHVW DRURQ 3( 75$6 5 HHDURK + XE &HOWH VIQFH

+XP DQVIQVKH/ RRS Rl &RQQHFVMG &IMHV
([ SHUABDQHO LVFXWIRQ

/L] 9DUJID

3URIHVVRU RI &RPSOH[ 6\VWHPV
8QLYHUVLW\ &ROOHJH /RQGRQ 8&/
O YDUJD#XFO DF XN

/1] 9DUD VD 3LIRIHMAMRURI &RP SB[ 6\ \WP V 6KH MRIQHG 8 QLYHUAW &R@UH/ RQGRQ 8&/ 1Q DQG LV GHYH®SIQJ D
QHZ ~OWIMW |RU -Ol LDWXPMIH 6\ VWP V SIRYIGIQ] WRXIKWBDGHUKIS RQ IOORYDMRQ WHVIAHQRH DQG HIAHQR 1Q
LOI DVWAKPWIH -Q LDWAXPMUH SURYIGHY FUMFDOVHUYIEHY VXFK DV SRZ HU KHDWQJ  Z DM P DQDIHP HQW GLI MBOVHUYIFHV
DQG FBDQ Z DMU Z KIFK QHHG FROWOXRXV DGDSVIMRQ VR P HHAWVRAHW V QHHGV Z KIOWSURWIFAWQ) DI DIQWAKD] DUV DQG
P LQIP IMQJ HOYILRQP HQWIOKDLP  6KH XVHV P XGNGIVAS@DY DSSURDAKHY VR IQYHVM DWW DQG LHFRP P HQG FKDQUIHV \R
LI LDVAKPMUH WHDWQJ 1QI DVAKPWUH DV DQ RSHQ DQG FRP SO M VWP RI VWP V Z W LOAD  DQG LQWU GHSHQGHQAHV
IHHGEDAW DQG QRQ @QHDUMHY GDGIQ) VR XQFHUWRLQWAV 1Q WH WDMIFRUHV | RUIQQRYDWRQ UHM@HQRH DQG H I LFHQR

3Rl 9DUID IRFXVHV RQ UHVHDURK DQG VXSHWYIVHY D QXP EHURI GRARWDODQG P DWMY WXGHQW 6KHIVDWRS  (365&
3HHUSHYIHZ &R@UH UHYLHZ HU DQ LOYIWG VSHDNHURQ LQH IDVAKPMUH VL VWP V' UHMGHQAH DQG I XVWUH AMEV LOYIWG
LOMUODARQDOIXQGIQ) IHYLHZ HU GRWLHU 1O A VWPV VRAHW DQG VXWELQDEIDV |RU HQIIQHHY DQG DQ LOWUQDUWRQDO
NRXUQDOUHYIHZ HUIRU (P HUHQPH &RP SG[ IW DQG 2 LI DQVOMRQ 6KH KDV HGIWG VSHADOIWVXHY RQ QW LDMG
XWDN i VWP V DQG FRP SGf IW DQG KDV D FKDSWU IQ WH QHZ ( GZ DUG ( ODU + DQGERRN Rl 5HVHDURK 0 HRGV 1Q
&RP SOf W 6AHQFH 6KHZ DV' ILHARURI &UDQILHTG 8 QLYHWMW YV &RP SOf 6\ WP V5 HVHDURK &HQAH Q

/1] ZDVDOR P DGHD) HIRZ Rl WH$FDGHP \ Rl 6RADBAHQAHY

3Rl 9DUDV W DWH [Q FUHDWQJ DEVWDRARQV Rl UHDOZ RUG A WP V' LHRIQIMQI HP HIHQWSKHQRP HQD DQG FR
HYROMRQDU HIHAW DQG GHVLIQIQJ FRP SXIMRQDCDI HWEDVHG P RGHY VR LHSUHVHOWINH G\ QDP IV RI LOWU FRQOHPMG
VWP V VR GHWIPAHP HUHQWSLRSHUAHY 6KH KDV H SHUHQFH Rl M VWP WDQUMRQV P RGH@Q) WH HIHAW Rl SRTR
WIRKQR®J\ DQG LOQRYDWRQ XQGHU GLL HIHQW XVUH VAHQDURY DQG DQDOMQI FRP SXVMRQDORXVBXW  &XUHWUHVHDURK
IOFOGHY $* +( RQ GMMEXWG HOHU\ GLUMIODAWRQ 237(04 RQ P SIRYIQJ HRQRP IF DQG HOQYILRQP HQWO
SHURWP DQFH YID Z DM KHDWUHRYHY  DQG HQHU\  IQMIDARQ ' $)1— RQ GDW DQDOMEV DQG YWXDOVDARQ R
LI LDWAKPWH VL VMP V DQG &(&$1  RQ HYDOXDWRQ DQG DWHWP HOWDRIRW QH XV M MP V 6KH KDV RYHU ~ SHHU
UHYIHZ HG SXEQFDWRQV ERRN FKDSWLY FRQIHUHQPH SDSHWY DQG SUDRWARQHUUHSRUN 6KH Z RQ WH &UDQI LHT 8 QLYHUW
5HVHDUK $Z DUG


http://imagination.lancaster.ac.uk/
https://www.youtube.com/channel/UCcGWupSB_qtUJuMkW5IKACA
https://www.ucl.ac.uk/civil-environmental-geomatic-engineering/research/groups-centres-and-sections/infrastructure-systems-institute
mailto:r.cooper@lancaster.ac.uk
mailto:l.varga@ucl.ac.uk

URI &KULV 6SHHG

&KDLU RI '"HVLIJQ -QIRUPDWLFV
8QLYHUVLW\ RI (GLQEXUJK

F VSHHG#HG DF XN

&KUY 6SHHG LV &KDU Rl ' HMJQ -QIRWP DWFY DWMKH 8 QYHUIW RI ( GOEXUK  + IV LHVHDURK |RFXVHY RQ WH 1 HVZ RN
6RAHW ' LJIWBCGH UADQG 7THFKQRBRI\ DQG-R7 &KUVKRGVVER' IWHARUAKLSY DWKH 8 QYHIMW RI ( GOEXWK

. SUMVHOW' IWHARU ( GIOEXUIK ) XWMUHV -QMIMW WDQVRLP 1QJ WH P 2@ 5RDO-QLPDY R
(GIOEXUK D ) ®RHQFH 1 LIKWQID®I KRVSMIOIQ WH FHOWH Rl (GQEXUK LOR D ZRUB GDGIQ) FHOAH IRU
IQMUEVASTRDY WDRKIQI UHVHDURK DQG LQQRYDVMRQ

. 3UHVHQW LLHARURI &UHDWYH -QIRWPP DAY RQH Rl QIOH 8. JRYHUQP HOWIXQGHG LWVHDURK DQG LOQORYDUMRQ
FOMMY e P WDWMY VSHALIFED® GHVIQHG VR VXSSRUMKH GHYHRSP HOWRI QHZ SURGXPW DQG VHUMEHV |RUWH
&UHDWYH -QGXVMHV

. ' ILHAVRUTRU-QORYDARQ ( GIOEXWIK ) XWKUHY -QAMWM EDVHG XSRQ WH P RP HOMP Rl WH -QWMWM [RU
" HMJQ-QRWP DAFV DQG WH LP SDPADRLRW IQORYDMRQ | RUWH &UHDWYH -QIRUP DAFV SLRILDP P H &KUY BIG WH LQMPO

GHYHBSP HOWRI WH -QORYDWRQ FXOXUH Z IMKIQ WH ( GLOEXWIK ) XVKUHV - MM WM

7KURXIKRXWKLY FDUHHU &KUY KDV VWBIQHG D FUMFDODQG HWKIFDOHQT XY IQWR KRZ QHVE RUIN WIRKQR®J\ FDQ HQIDIH
ZIW WH IIHGV Rl DWW GHVJIQ DQG VRADOH SHUHQAH WIRXJK YDURXY IOMUQDAWRQDOGLI MEODUVH KIEMRQV | XQGHG
UHVHDURK SLRMPW ERRNV NRXLD®Y DQG FRQIHIHQRHY ©Q &KUY Z DV DZ DUGHG WH &KDQPHTRWY/ $ Z DUG | RUS HHDUFK DW
WH 8 QYHMW Rl ( GIOEXUK WH P RWSUHVIWIIRXY UHFRIQMRQ IRU FRP P VP HOW H SHUAYH DQG H SHUHQRH 1Q WH
GHYHRSP HOWRI UHVHDURK FX@XUHV DQG HARQRP LHV

5DFKHO +DUNHU

THFKQRORJ\ &RQVXOWDQW
"LIJLWDO -HUVH\

UDFKHO KDUNHU#GLJLWDO MH

5DFKHOLY DQ DSSTHG WIRKQRBRIMVDQG VSHADDHVY 1Q GHYHRSIQI DQG FRP P HUADOMMQI QRYHOGLI MBOSXXV KDUGZ DUH
WIKQR®J\ ZIW D IRFXV RQ FRP SO IQMEMVASIDY FKDBIQIHY  6KH FRQVXOV ZIW 5 ' GHSDUR HQW DWP XN
QDMRQDOFRP SDQHV DQG 1Q -HUH  &KDQQHOMDIQGY Z KHH WURXJIK ' LIMIO-HIH VKH KDV ®IG WH HABEQKP HOARI
HOH V LUMGI DD FROWIMWG GOV WKW/ LLHE F®1 Z KIFK [V HP SRZ HUQJ (RFDOR FOAV VR DIJUHIDM R FI) GDVD Z IWK
WHDIP Rl [P SIRVIQJ A FOQJ FRQGIMRQV 7KLV IV SDUARI D SXWK VR P DNH EMWMUXVH Rl GDV 1Q WH MDIQG DQG EXIES WH
GUMIOZ IQRI -HIH

+ XP DQVIQWKH/ RRS Rl &§RQOQHAMG &IMHV
6 KRUAB UHVHQVIDVIRQ

'U 1DRPL -DFREYV

IDQFDVWHU 8QLYHUVLW\

1 DRP LIV/ HAWUHUIQ ' HMJQ 3RIR DQG ) XWKLHV 7KIONQI $V DQ IOMGIVAS@DY DFDGHP IF KHUZ RIN FIRWHV YDURXY
GVASTHY LOFXGIQ) GHMIQ FRP SXWUVAHQAH VRADOVAHQAH DQG 1DQ DQG DXGIHOFH WMGIHV 1 DRP LV SUHYIRXV Z RIN
KDV IRFXVHG SUP DU® RQ IQMDFIRQ EHE HHQ LQGIVIGXDY FRP P XQMHY GMVASTHY RUVHRRYY DQG EHVE HHQ SHRS®!
DQG WIRKQR®J\ DQG WH P HGID WH FRQUXP H 6KH LV SDUAEXDUD LOMHMG 1Q HWIFV SUYDR DQG WKVMHDMQ) R
HP HULQ) WIRKQRRIIHV DQG WH LOMUHAMRQ EHVE HHQ WH GLIMZODQG WH SK\MEDO RIWIQ H SRUQI WLV XVQJ
VSHRXOWYH P HWRGV DQG GHVIQ | IFARQ

1 DRP LKDV EHHQ SDUAR! VHYHIDOUHVHDURK. SLRWMFW ®RRNQ) DWKRZ \WMFKQR®ILHV VXK DV -R7 DQG $—DUH [P SOP HQMG
DQG JRYHUHG 6KH LIV FXUHQWD D P HP EHU Rl WH 3RIA DQG * RYHUQDQRH 6SHADO-QMHWW* LIRXS DW-P DJLQDARQ
/ DQFDMU DQG LV FDUY LQJ RXAWUHVHDURK. LHDWIG VR GHWMUIQ IRU SRIR  SDUARXDUWD 1Q WH FROM WRI SRIR |RU QHZ
WIRKQR®JIHV 1 DRP LKDV SXEQKHG SDSHY RQ VRSIFV IQFXGIQ) WH JRYHLODQRH Rl VP DUAAMEY @QMHMVMMHDP LQJ RI 1DQ
FROYHOMRQV WH SRWIQUDY RI -R7 IRUIRRG VDIHW DQG KRZ VR X\H | RP EIH DSRFDOSVH P RGH@RJ |RUHSIGHP [RBRJ\

HGXFDMRQ

/IHFWXUHU LQ '"HVLJQ 3ROLF\ DQG )XWXUHV 7KLQNL


https://www.youtube.com/channel/UCcGWupSB_qtUJuMkW5IKACA
mailto:c.speed@ed.ac.uk
mailto:rachel.harker@digital.je

+ ROME &\ EHUHFXUW | RU2 SHIDWRQDO7HFKQRERI\ LQ &UMFDOL DRQDO-QI LDWAKXFVXLH
. H\ QRWH

3URI -HUHP\ :DWVRQ &%( )5(QJ )—(7

3(75%$6 'LUHFWRU

BURIHVVRU Rl (QJLQHHULQJ 6\WWHPV 8QLYHUVLW\ &
SHFHQW &KLHI 6FLHQWLVW (QJLQHHU %5(

3DVW 3UHVLGHQW RI WKH —QVWLWXWLRQ RI (
MHUHP\ ZDWVRQ#XFO DF XN

HHP\ : DMVRQ &Y )5(Q IV3WRIHWRURI (QILQHHUIQ) 6\ \VIMP VDB & 8 QUOHFHQWD KH Z DV DOR &KIH 6FHQMMDQG
( QIIQHHUDVWKH 9XIGIQ) 5 HHDUK (WEEQKP HOWYG(  $ SDWD + &/ * &KIH BAHQMIE $GYIVHU KH KDV VHQIRUIQGXVMDO
H SHUHQFHDVY2 & ( GZ DBV SE 7HKQR®J\ ' ILHARU DQG * REDCEHVHDURK ' ILHRRUDWS XS

HHP\ IV D )H®RZ DQG 7UKMMH Rl WH 5R DO$FDGHP\ Rl (QIIOHHUQI DQG UHFHQWSDWAKDIU R WH 1 DWRQDO
(QIQHHUQ) 3RIA &RP P MWWH -+ IV VSHADGAHV LQFOXGH HP HUIQI WIFKQR®J\ LGHQWIFDMRQ P\ EHWVHRXUW DWKH ( GIH
VXWEIQDE®! HQILOHHUQI A VWP VWIONIQJ UHVHDURK VADWAT\  DQG LQQRYDARQ SURFHWHV

HHP\ IV FXUHQW ' ILHARUDQG 3—RI WH VHYHQ\HDUe P 3(75$6 1 DWRQDO&HQAH RI ([ FHIIQRH IRU-R7 6\ \WP V
&\ EHUHFXUW IXQGHG E\ (365& XQGHUWHe P 6HRXUQU ' LIMIO7THKQRBJILHY $VWKH 3HUSKHY 6 708 LQWDWYH FR
GHYHBRSHGE\ -HHP \ 3(75$6 FRP SUMHV  XQLYHUAMHV DQG KDV LQGXVIMDCDQG JRYHUQP HOWKVHUSDUQHLY/

7Z WMU # 3WRI-HUHP \ :

+ ROWIF & EHUHFEXUW |RU2 SHIDWRQDO7 HFKQR®RI\ LQ &UWFDOL DIRQDO-Q! LDWUKXFVLH
([ SHUABDQHO LVFXWRQ

3URI -XOLH OF&DQQ
'"HSXW\ 'LUHFWRU RI 3(75$6 &R — /RJLVWLFV 6HF
XVLQJ 6HOI 3BURWHFWLQJ (GJH &RPSXWH /2*
~PSHULDO &ROOHJH /RQGRQ

M PFFDQQ DW LPSHULDO DF XN

3WRIHWRU -X@H 0 F&DQQ KHDGV XS WH $GDSWYH (P HIHOWE\ WP V ( QIIOHHUQ) $(6( JWRXS 1Q WH ' HSDUR HOARI
&RP SXWQJ DWP SHUDO&RMUH Z KHH VKH GDGV D KLIK® P XGUGVASIDUY JWRXS Rl 3RW RFV DQG 3K WXGHQW
) UIRP WLV VKH BDGV WH 5 HMTHADQG 5 REXWWAQ LDVAKPMUH FKDEHQIH SDUART WH ' DV &HQWIE ( QILOHHUQ) WHP H 1O
WH $@Q 7XUQI -QMIMWM 6KH LV 3—IRUWH 1 5) IXQGHG 61QIDSRUH 6P DUIAGHMQI SUIRMFWDQG WH / RIMAEY — SLRMFW
ZIW 3(75$6 DQG WH 7DWM 0 RGHWD 6KH LV P SHUDO3— IRUWH ( 365& 6AHQAH Rl 6HQMQI 6\ \VIMP V 6RIVE DLH 6
SWRIWDP P H JWDQW 8 MOUHAHQAD VKH Z DV &R GILHARU Rl WH -QWO&RMERIDWYH 5 HHDUK -QVAIWM RQ 6X\WIAQDE®
&RQOHAMG &MHV DQG &R 3— Rl WH 1 (& 6P DUN: DMU/DE 6KH LV FXUHQW ' WHARU Rl WH FUIRW -P SHUDOGP DUV
&RQOHAMG ) XWWUHV 1 HVZ RWN

8 QMOUHAHQW \WKH Z DV &R GUHRARURI WH -QMOSR@ERWDWYH 5 HVHDURK -QWAIMW RQ 6 XMBOQDE®! &RQOHAMG &IMHV DQG
&R 3—-RI WH 1 (& 6P DWWV DWU/DE DQG ' WHARURI WH ARRW P SHUDOG6P DUN&RQOHAMG ) XWKUHV 1 HY RIN 6KH LV

DPRYHO LQYROHG LQ WH | HGV VRS FRQHHOFHV -QRFRP 6HOMV 361 DQG(: 61 DQG LV DQ $WRADWMG ( GMRUIRU-R?

0 F&DQQVERG Rl SUDPWDQOZ RN X QUL LHY GHFHOWDOHG DORUWP V SLRRFRY FLRW @\ HU G\ QDP LEDOVROMRQV Z W D
SDUAEXDUIRFXV RQ ®Z SRZHHG ®Z UHVRXUAHG GHYIFHV \WDWADQ DPADV P RGHUD Z LLHBMY VHQVRUEDVHG A VWP V RU
IXWUH VP DUAP DWAU 6KH DSSTHV WLY R 6SDFH $JUL DQG -Ql LDWAKPWIH ( QILOHHUQI FKDIBIQIHY HOFRP SDWMQJ WH
“QMUIOHAR 7KIQIV DQG &\ EHUSK\ MFDOV VWP V' + HUIQWUHWWY @H 1Q KDUDHWIQJ WH YDURXY LOWLDPARQY EHVE HHQ WH
A EHUDQG SK\ MFDOR [P SLIRYH SHURUP DQFH UHM@HQAH DQG VR P DNH VHRXWH

7ZIWMU # -$0 * 0 R&


https://www.youtube.com/channel/UCcGWupSB_qtUJuMkW5IKACA
mailto:jeremy.watson(at)ucl.ac.uk
mailto:j.mccann(at)imperial.ac.uk
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9LFWRU /RXJK
&\EHU 6HFXULW\ %XVLQHVV &RQVXOWDQW
6FKQHLGHU (OHFWULF

9IRVRUKDVRYHU  \ HDW/ Rl LOQGX\MMDOFRQWRODQG DWHWP DQDIHP HOWH, SHUHQFH DQG Z DV 1Q D IRXQGDMWRQDO
P HP EHURI WH 6FKQHGHU( ®PMF &\ EHUBHRXUW EXVIQHW Z KHUH KH KDV Z RUNHG RQ D QXP EHURI LOMUHVAMQ) SURMPW
LOFOXGIQI WH GHIYHY RI D TXDQWP VHRXUH K\ EUG =HIR 7 UXMAVHRXUW QHVE RUIN DURKIWIRXH IRUDS . ' 12 9IRRULYDQ
DPWYH 1 86& -&6 &2 —P HP EHUDQG UHDG 3K\ IFV Z IW 6RAG 6V ( BRARQIEY DW- HIRW DS QLYHUAW

(PPD 7D\ORU
&\EHUVHEXULW\ _ 5LVN ODQDJHPHQW DQG $VVHW -Q
3URIHVVRU LQ 'LJLWDO 6DIHW\ DQG 6HFXULW\
5D]RU 6HFXUH

(P P DLV D &KDUMHG (QIIQHHUZ W P RHWDQ  \ HDW/ Rl H SHUHQRH DRIRW WUHH VHRRWY DHIRVSDRH HOHU\ DQG
WDQVSRUNVS$V + HDG Rl LJMPOSDIHW DW5 D] RUGHFXUH UDIOR EHU VHRXUW VSHADDAV \KH 1V SDUARI D WDSIGD JIRZ LQJ
WDP GHS® LQJ KDUEZ DUH DQG VRIVE DUH VR SIRWIPAVDQG P RQVRU QHVE RUW DQG NH M MP V IRU LIR@QJ VWRAN DQG
VI QDA QI IDVAKAMUH IQ WH 8. DQG RYHUAHDV : RINQI FRVHO Z W UIHIXDWRY/ IQGXVW  DFDGHP LD DQG WEBQGDUGY
ERGHV KHUIRFXV IV RQ IQMIUDWQI VDIHW DQG VHRXUW GMVASTRHY LOFGIQ) 1P SGP HQAMQU ' LIIVBO0 DIQMQDQFH $
ZIQQHUR! D QXP EHURI IQGX\WWM DZ DUBV \KH DOR KRGV D 5R\DO$FDGHP \ Rl ( QIIOHHUQ) 9IMWQJ 3LRIHWRUKIS 1O
' LJMPOSDIHW DQG 6HFXUW DQG IV D ) HIRZ Rl WH -QUAIMWRQ RI 0 HAKDQIFDO( QIIQHHWY DQG WH 6DIHW DQG 5 HIDELDV
BRFHW

.\ 3URI :HLVL *XR
‘ &UDQILHOG 8QLYHUVLW\

3Rl : HML* XR JUDGXDMG [LRP &DP EUGIHZIW 0 (QJ 0 $ DQG3K'  GHIUHHV LQ HQIIQHHUQ) DQG FRP SXWIUVAHQFH
+H IV FXUHQW KHDG Rl WH + XP DQ 0 DRKIQH -QM@MIHQAH * URXS DQG GILHARU IRU VP DUMIMQI JWDQG FKDABIQIH DW
&WDQ HG 8 QYHUAW 3UHYIRXV® KH Z DV DWB QLYHMW RI : DIZ IFN DQG 7XUQJ ) HIRZ DWWH $DQ 7XUQI - QWM + LV
UHVHDUK |RFX\VHY RQ QHVE RNV A\ EHWVHRXUW DQG DXVRQRP \  VHHNIQJ \R [P SLRYH KXP DQ WKXWWIQ DXVRQRP RXV DQG
R7 VAP V + HKDVEHHQ3-RQe P RI JUDQW DQG Z RQ QXP HIRXVDZ DWGVE\ « (( +7 DQG %H® DEV +1VZ RINKDV
EHHQ SXEQKHG LQ 1 DIXUH 1 DWUH 0 DRKIQH-QM@IHOFH 1 DIUH &RP P XQIFDARQV DQG KDV I HDMUHG DV FRYHUIWXH RQ
«(( 5R\ DOBRAHW DQG 1 DW{UH SXECFDARQV

‘U 5LF '"HUE\VKLUH
6HQLRU 6HFXULW\ 5HVHDUFKHU DW 2UDQJH &\EHUGI
+RQRUDU\ 5SHVHDUFKHU DW /DQFDVWHU 8QLYHUVLW

51F IV D 6HQIRU 6HFXUW 5 HVHDURKHU DA2 LDQUIH &\ EHUGH HQVH DQG DQ + RQRWDY 5 HVHDUAKHU DW DQFDVWMU 8 QLYHUAW
ZKHH KH REWIQHG KLV 3K 1Q FRP SXWU VAHQFH + 1V UHVHDURK LQYRGHV D SUDIP DAF DQG SIDPWED@® DSSTEDEG
DSSURDAK VR ERW. RITHQVYH DQG GHHOMYH HBP HOW RI P EHUWHRXUW Z W D IRFXV RQ QRYHORITHOWYH WIFKQITXHV
TXDQWAMYH UVN DWHWP HOWDQG RSHIDARQDOMAKQREI\


https://www.youtube.com/channel/UCcGWupSB_qtUJuMkW5IKACA

+ ROWIF &\ EHUMHFXUW | RU2 SHIDVIRQDO? HFKQRMRI\ LQ &UMIFDOL DMRQDG-QI LDWAXKFAKILH
6 KRUAS UIHVHQVIVIRQ ' LJ MIDOUHVIDHQRH | RUFUMEADOQDVIRQDAQ! LDWUKRAKLH

S3URI 'LPLWULRYV 3H]DURYV
SURIHVVRU RI &RPSXWHU 1HWZRUNVY DQG 5%$(QJ 5HYV
8QLYHUVLW\ IR *ODVJRZ

" [P MRV 3H DRV LV 3LIRIHMRU Rl &RP SXWU 1 HZ RNV 1Q WH 6FKRRORI &RP SXWQJ 6AHQFH DWWH 8 QyHUW RI

* OVJRZ Z KHWH KH KR@VWH 5R\ DCSFDGHP \ Rl ( QJIQHHUQJ SHVHDURK &KDUIQ " LI IVZ05 HMMIHORH | RU&UWADOL DWRQDO
-QUIDVWAKRMWH +HLVWH IRXQGEQI GLHARURI WH 1 HVZ RUNHG 6\ WP V5 HVHDURK / DERUIDWRU. QHVDE  DQG GILHRRURI WH
&\ EHUWGH HOFH @E DW OVIRZ  DQG KH KDV EHHQ WH KHDG RI WH* OVMIRZ 6\ WMP VEHRPMRQ * / $66 ERHVE HHQ

+HZ DV D YIMWQJ SURIHWRUDWKH 8 QlYHMW RI $WHQV ' HSDUR HQARI -QIRWP DWRY DQG 7HBFRP P XQIFDWRQV GXUQ]

3WRIHMWRU3H DRV KDV SXEQKHG Z lGHD DQG LV BDGIQI IHVHDUK 1Q FRP SXWUFRP P XQIFDMRQV QHVE RN DQG VHUYFH
P DQDIHP HQWDQG GLIIVBOUHVIAHQRH RI IXVMUH DQG KHWAURIHQHRXY QHVE RUNHG QI LDWAKPWIHY H SBRUQ) WIFKQRBRILHV
VXFK DV QHVE RWN SURILDP P DELON DQG IXQRURQ YIWXDD/OMRQ +H KDV UHFHYHG VI QUIFDQMXQGIQU 1RU KLY UAVHDURK
ILRP WH (QIIQHHUQI DQG 3K\ MFDOGAHQFHV 5HVHDUK &RXQAO (365& WH ( XLIRSHDQ &RP MRQ (& WH ' HHQAH
6AHQAH DQG 7HAKQR®J\ / DERIDWRY ' WO WH 5R\DO$SFDGHP \ Rl (QIIOHHUQ) 5$( Q) WH / RQGRQ 0 DWHP DWFDO
6RAHW /0 6 WH86 ) HGHDCE IDARQ $GP IQMADMRQ ) $$  DQGIQGXVW IQFO% (') 1;3 HW

5 HVLOHQW (REDOBXSS® &KDLQV
. H\ QRWH

+D]JHO &XOOH\
/JHDG IRU )0&* 5HWDLO 6HFWRUYV
WZHQW\ILIW\

+ D] HOKDV Z RUNHG Z IW WH JBREDOVXSS® FKDIQVIRURYHU  \HDW/  6KH FXUHQAD Z RUNV DAVE HQWILLIW D FRQUXGRQR
VSHADDMQI 1Q KXP DQ WKW DQG EXVIQHW Z KHH + D] HOBDGV DORI WH Z RIN VXURXQGIQJ )0 & DQG UHVBIOFTHQW
+ D] HAV D KXP DQUIKW VXSS® FKDIQ DQG VXWIIODE®! EXVIQHW H SHYADQG LV WG 1Q D ELRDG LDQIH Rl VXEMPADUHDV
LOFOXGIQ) HP EHGGIQI KXP DQ WKW IQR FRUSRIDM JRYHUQDORH KXP DQ UJKW VWDWMI\ @MQJ Z DIH DQG LOFRP H DQG
JHQGHU 3URUWR ZRINQJ Z W \E HQMUW + D HOZ RINHG IRUO DNV~ 6SHOFHUIRU  \ HDW/ ZRUINQJ Z W WH IRRG

SXUKDMQI DQG WIRKQIFDOWDP V VR HP EHG KXP DQ WKW DQG VXWEIQDEIMWV DQG Z RINQJ RQ WHU DP EIMRXV 3@Q $
SWRIWP P H

6KH LV ZIGH® WDYHBIG DQG KDV Z RINHG Z W DQG YIMWMG VXSSTHY JRED® -+ HU ILUAVNRE DIWU JUDGXDWQ) | URP
XQLYHMW Z DV DV D EX\ HU IRU 6DIQVEXU YV WH FRP P HUADOH SHUHQRH JDIQHG DALY WP H KDV EHHQ HWHQUWDOLQ
XQGHUMIQGIQI KRZ Z HFDQ HP EHG KXP DQ WKW LW FRP P HIADOGHAMRQ P DNQJ 7KH S@FH Z KHH WKH FKDQIH Z L@
KDSSHQ 7KLV DOR SURYIGHG D VRIG | RXQGOMRQ | RUKHUIOMHW  SDWMRQ IRUZ RINQJ 1Q JBREDOVXSS® FKDIQV + D] HO
Z RUNVZ I WH &DP EUGIH -QUWYMWM | RUBX\WRAQDELDN / HDGHUKIS &6/ WMVRUQI RQ D QXP EHURI FRXUHV IQFXGIQ) WH
VKRUAFRXUH 6XWILQDE®! 6XSSO &KDIQV




5 HLOHQW GREDOBXSS® &KDLQV
([ SHUABDQHO LVFXWRQ

3URI ODGHOLQH &DUU
BURIHVVRU RI *OREDO 3ROLWLFV DQG &\EHUVHFXUL
8QLYHUVLW\ &ROOHJH /RQGRQ

0 DGHIXH &DWLY 3LIRIHARURI * GREDCB RIAWFY DQG &\ EHUHRXUW D8 QYHUMW &R@IH/ RQGRQ + HUUHVHDURK IRFXVHV RQ
WH [P STFDWRQV Rl HP HUIQ) WIFKQR®J\ |RU QDWRQDO DQG JREDO VHRXUW  [OMUODWROQDO RUGHU DQG FRUSRUDWM
JRYHWDQAH 3WIRIHWRU&DUWKDY SXEQKHG RQ R EHUCQRIP V' P XOV\VWEINHKRGHU-OMUOHWI RYHURDOQRH WH I XVXUH RI WKH

LQVXUDQRH VHARU 1Q WH -R7 R\ EHWHFXUW DQG IQMUQDMRQDOOZ  WH SXETF SUYDM SDURHUKIS 1Q QDWRQDOR EHU
VHEXUW VADMI IHV DQG WH Z D\ VIQ Z KIFK ERDUGV DSSURDAK A EHUUMN

3RIHWRU&DWLY WH FR HGMRUR! D5RZ P DQ DQG / Wi HES ERRN VHUHVRQ' LI IMBOY HAKQRERIIHV DQG * (REDCBRMAEY 6KH
VDP HP EHURI WH: RUG (FRQRP IF) RIKP * GREDO&RXQA.ORQ WH &RQQHAMG :  RUTS Z KHUH VKH FKDILY D ALRW VHRARUDO
JURXS Z RINQJ RQWH P\ EHUWHFXUW Rl WH-QMUDHRI 7KIQIV 6KHLVDORWH &R ' LWHARURI DQ IOMGIVAS@DY &HOWH
IRU' RARWDO7WDIQQ) 1Q & EHWVHFXUW DW8 & DQG ' HSXW ' WHARU Rl WH 5(3+5$-1 3IRWPWY &M HQV 2 QIRH
UHVHDURK KXE

) LIRP &DWZDVWH' WHARURI WH 8. Z IGH 5HVHDUK -QWIXW | RU 6RARWIFKQIFDO&\ EHU 6HRXUW DQG
GHYHRSHG D IHVHDUK SWRIWDP P H RQ A EHUWHRXUW 1Q GRFDQJ RYHURP HOWYRDUG DSSRIOW HQW IOFXGH 1 (' IRU7DIRQ
DQGWHS$GYMWNRU ¥RDIGIRUWHe 0 ' LIMBBHRXWHE\ ' HMJQ SIRWRW

3URI 6LUDM 6KDLNK
SURIHVVRU LQ 6\VWHPV 6HFXULW\ &RPSXWHU 6FLHC
6ZDQVHD 8QLYHUVLW\

BLLDVBKDINK 1V D 3URIHWRULQ 6\ VWP V 6HRXUW DA6Z DOVHD 8 QLYHUAW 8. + 1 UHVHDURK LOWIUHVIV @H DAWKH LOMUHPARQ
R A EHUHRXUW AP V HQIIQHHUQ] DQG FRP SXWU VAHQRH DGGLIHWMQI R EHUSK\ VMFDO i VWP V VHREXUW |RU
DXVRP RWYH DQG WDQUSRUAK VWP V + H LV DOR &R ) RXQGHUDQG &KIH 6AHQMMDAR) EHL2 Z OZ KIFK LV GHGIEDWG VR UMN
DQDOWEY DQG VHRXUW P RQVRUQJ |RUWH P DUMP HVHRARU

LLDMLY DOR FXUHMD D 9IMWQ) 3RIHWRU 1Q WH 5HVHDURK * LRXS RQ 6HRXUW S5V 0 DQDIHP HQWDQG &RQITRW
6(* (5-&2 DWLHEUNM 8 QYHMW 6SDIQ 3UHYIRXMD KH KDV DOR KH®G 5R DO$FDGHP \ Rl ( QIIOHHUQI V -QGX\W

) HIRZ \KIS KRWMG DW+2 5% 0 5$ +1V IHVHDURK KDV EHHQ IXQGHG E\ (365& (65& /®\ GV 5HIMMU
)RXQGIMRQ /5) ' 67/ %MWK &RXQAMDQG5R\ DBFDGHP \ Rl (QIIQHHUQ) 5$( QU

BLLDVKDV EHHQ LQYROHG 1Q UMVHDUK GHYHBRSP HQWDQG HYDOXDWRQ Rl @UH VDG GMMEXWG VHEXUH \A VWP V IRURYHU
VE HQW VEZ R \ HDW/ + IV GRARUDODQG SRWGRRRWDOUHVHDURK. LQYROHG GHMIQ DQG YHULIEDMRQ RI VHRXUW DQG VDIHW
FUMFDOM VWP V' 6ILDMKDV UHFHQWD FR DXWRUHG D ERRN RQ_) RUP D00 HWRGV 1RU 6RIVE DUIH ( QILOHHUIQ) / DQIXDIHV
0 HWRGV $SSTDMRQ' RP DIQV SXEQKHG E\ 6SUQIHU




6WXDUW &KDOPHUYV
+HDG RI 'LJLWDO 3URGXFWYV
1DWLRQDO 3K\VLFDO /DERUDWRU\ 13/

BWDUWEKD® HW/IV+HDGRI ' LJMICBURGXPW DWL 3/ + H LV UHVSROME®I IRUL 3/ V' LIIMBOSLRGXPW DQG VHUYIFHV SRUARIR
DQG EXIEHQJ D IXWH LRDGP DS Rl QHZ GLJMICBURGXFW DQG EXVIQHW P RGHY %HRUIHNRIQIQI 13/ KHZDVWH' WHARU
R " LJIMVBOBURGXFW DW/G( DQG BIG RQ WH GHVIQ FUIHDWRQ DQG GHIYHUY Rl %6( V FRP P HUADOWRIVE DUH SOMRWP V +H
JDIOHG P\ 3K 1Q $UNIADO-QM@HQAH ILIRP WH 8 QYHMW Rl $EHGHHQ EHRUH MIQIQI WH 5R\ DO-QUANMWM Rl %4IMUK
SURKIWFW  FRQMEXWQJ R VSHADDAMWIFKQIFDOJWRXSV DQG LQGXVM WRQGDUEY ERGIHV DV Z HODV P DQDILQ) DQG
GHYHBSIQI 5% UHVHDURK GLLHPAYHV 1Q WH UHSUHVHQUMRQ DQG XVH Rl GDVD DQG NQRZ BIGJH P DQDUHP HQWRU%9  +H
ZRUINHG DWEKD® HY 8 QYHMW ZIW WH 63 7HKQIFDO5HVHDURK -QWMIMW R 6Z HGHQ DIGQJ 1Q WH GHMIQ RI
FRP P XQEFDWRQ @QIXDIHV | RUGMMEXWG GUYLQ) VP XOVRUSIRRWSHY DQG DVWKH 8 QLYHMW Rl * OVIRZ. LQYHVAJ DAQU
WH P RGH@Q DQG FRAERWDAYH UH XVH Rl DAAMRQRP \ GDVD + H IV D 9MWQJ 3LRIHAWRUDWS & ' HSDUR HQARI &RP SX\WU

6AHQFH

'U 2NWD\ &HWLQND\D

6HQLRU 5HVHDUFK $VVRFLDWH
8QLYHUVLW\ RI 2[IRUG

RNWD\ FHWLQND\D#HQJ R[ DF XN

2 N &HAQND\ DIV D 3( 75$6 6\ QWHVY 6HQIRUS HVHDURK $\WRFADW EDVHG DWKH 8 QLYHUMW RI 2 [ IRUG Z WK WH SUP DU
ROIR W\ QMHVMQI  WH GLYHUWH HBP HQW Rl WH 3( 75$6 UHVHDURK EDVH VR LOPUHDVH WH J HQHUD@N DQG DSSTFDELDV R
WHIIQGQIVDARW  LOWIMWRQY

2NB HHYHG KIV % Q) GHIUHHV + +RQV ZIW D GRXE®! P DRU 1Q (GPMEDO (QIIQHHIQ)  ( BPARQFY DQG
&RP P XQIFDARQ ( QIIOHHUQ] IWRP <I@H] 7HAKQIEDO8 QYHUAW 7XUNH 1Q DQG UVSHPRYHD + H WHQ WBUMG
KLV 3K 1Q ( BFWFDODQG ( GRPWRQEY ( QILOHHUIQ) DAV ROS QYHMW 7XUNH  DQG Z DV DZ DUBHG LQ HDUD $IWUKLY
3K KH IIWMZ RUNHG DV D SHVHDURK ) HIRZ 1Q 1 HVE RUNHG ( P EHGGHG 6\ VWP V DWIKH 8 QLYHUMW RI 6RXWDP S\RQ WHQ
DVD5HVHDURK $\WWRADWLQ:  ILHBM/ 1 HVE RUIN 3HURUP DQFH DWZKH 8 QLYHOW RI 6KH I IHT | RUDURXQG VE R \ HDUY HDFK

Q $Suo KH NRLOHG WH 8 QLYHWW RI 2 [ IRUG 1Q KLV FXUHQMR®! ' XUQ) WHWH DSSRIQR HOW KH KDV Z UWAQ
IXQGQI SUIRSRVDY FR BIG IHVHDURK SLRMPW VXSHUYWVHG MQIRUWET  DQG JLYHQ VHYHDOWDON EHMGHV GHIYHUQ) KLY
UHVHDURK GXWHV RXVBXW -+ 1V UHVHDURK IV ELRDGO RQ WH HOHU\ FROWMDIOHG -QMOHWRI 7KIQIV 1Q Z KIFK KH KDV
FR DXWRUHGP RIHWDQ  SDSHW SXEQKHG LQ KLIK® UHVSHPMG MRXLODY FRQIHIHQRH SLRAHHGIQIV DQG ERRN VHURHY

3URI 'DYLG 'H 5RXUH

3(75%$6 4XLQWHW PHPEHU
8QLYHWWRI 2[IRUG

GDYLG GHURXUH#RHUF R[ DF XN

3WRIHWRU' DYIG ' H5RXUH ) %86 )0 $ )56$ LV 3LRIMARURI H 5HVHDURK DAH 8 QIYHUW RI 2 [ IRUS 7KURXIKRXWKLY
FDUHHUKH KDV LQYHVM DG HP HULQD WIFKQRBJILHV DQG P RGHY 1Q @UIH VFDB! GMMEXWG DQG VRARWFKQIEDOV VWP V
ZIW D ELRDG IQMHWIQ VRAHW WIKQR®J\ DQG FUDWIW Z KIBI DOR IRFXMQI RQ IQQRYDURQ 1Q WH SWRFHW RI
VAKRDUKIS )WRP DQ HDUWD EDANJLRXQG 1Q HBIPARQIEY DQG FRP SXWU VAHQRH KH EHFDP H FRVHD LQYROHG 1Q WH
+\SHIMW: HE DQG @NHG GDV FRP P XQMHV 1Q SHYDMYH FRP SXWQJ DQG 1Q GLJMIOVRADOUMVHDURK 7RGD KH
IRFXVHV RQ MMQJ 1Q WH -QMOHWRI 7KIQIV RQ QHZ P HKRGV Rl GLIMIOVAKROUKIS DQG IQQRYDMRQ LQ NQRZ BIGIH
LOIUDWAXPXIH ' DYIGV SHWRQDOUHVHDURK LV DAVMH IQMUHPARQ RI P XVIE P DV P DFKIQHV DQG $— HP SRZ HUQJ WH
FUHDWYH KXP DQ 1Q P XMIE FRP SRUMRQ SHURWP DQFH DQG SLRGXPURQ ' DYIG Z RV FRVHD Z IW P XGAS®I GVASTHY
IOFXGIQI KXP DQMHV GLIIMIOKXP DQUWHY GLIMIOP XVIFR®RJ\  HQIIOHHUQI -QMUOHWRI 7KIQIV A EHWHRXUW  VRADO
VAHQRHY 6RADO0 DRKIOHY : HE 6AHQAH  LQIRWP DMRQ VAHQRH NQRZ BIGIH 1QI LDVAKPMUH  FRP SXVIMRQDO DURKLYDO
VAHQAH DQG FRP SXWU VAHQAH OUH VDB GMMEXWG VWP V $— +H LIV D IRXQGQJ P HP EHURI VER P DRRUS.

IQUWDWYHY WH 3(75$6 1 DARQDO&HMH Rl ([ FHIIQAH 1RU -QMUDHWRI 7KIQIV & EHUHRXUW DQG WH 6RIVE DUH
6X\WIAQDELDN -QVAMWM




5 HVLOHQW* GREDOBXSS® &KDLQV
6KRUABUHVHOVDVIRQ / RIMAEY ~ 7DWA

'U OLFKDHO %UH]D
5HVHDUFK $VVRFLDWH
~PSHULDO &ROOHJH /RQGRQ

' U %4H D LV D UHVHDUK THTIRZ Z I WH $(6( JIRXS +H LV FXUHOWD UHVHDURKIQI VP DUMHOMQI M MP V 1RU BJ VAR
DSSTDMWRQV DV SDUAR! WH 3( 75$6 SIRMPW LIIBRUV $V SDUARI WLV SURMIPAKH LOYHWI DWAV | DIXUH P RGHY Rl VHQVRWY/

DQG WHUFRP P XQIFDWRQ QHVE RNV DQG WH Z D WDWWKHVH | DLOXUHV LI OXHORH WH [LGHOW RI WDRNIQI GDWD + H LV DOR

LOYROHG 1Q D SURMPWK DALY LOYHVIAI DAQJ WH XVH Rl GLLIHIHQADGIR FRP P XQIFDARQ P HGIXP V DQG SUIRRFRY |RULQ | KW
LOMUXQP DQQHG DXVRQRP RXV YHKLE®I RUDQY DARQ ' U %4H DFRP SBMWG KLV 3K LQWH$(6( JLRXS LQ

.DWH 3DUVRQV
'LUHFWRU Rl &ROOHFWLRQV &DUH DQG $FFHVV

9 %

. DM 3DURQVLY' WHARURI &RBPARQV &DH DQG $FFHW DWMKH 9 $  WH Z RUSV GDGLQI P XVHXP Rl DUADQG GHMJIQ
KRXMQJ D SHIPP DOHOWARR@PARQRI RYHU P LGIRQ REMPW WDW/SDQ RYHU \ HDW/RI KXP DQ FUHDWYIW 6KH BDGV D
ZIGH DQIQ) DQG P XGUGMASIDY GIYIMRQ EUQIIQ) VRIHWHU WH H SHUWH R WH &RGPARQY 0 DQDIHP HQW
&RQHIYDARQ 3KRRIWDSK\ DQG ' LIMYDWRQ  7HRKQIFDO BHMFHV DQG &ROFWRQY $FFHW WDP V. VR VXSSRUNVWH
P DQDIHP HQWFDIH DQG GIVS@\ RI WHO  $ VFRGIUWRQY

.DMKDVRYHU  \HDW H SHUHQFH IQ WH IIHG RI FRGPWRQ P DODIHP HWBURU R KHU FXUHOWUR®! VKH Z DV + HDG Rl
&RMPARQ 0 DQDIHP HOWDW7DWM Z KHH VKH RYHWDZ WH SUDRAFDO &JIMAFDO DQG GUDODVSHAW R P DQDILQ) 7DWAV
FROPARQY DQG SLRIWDP P HV 6KH KDV KHG WH &KDIURI WH 8. 5HIIMADUV * LIRXS FRQMEXWA VR QXP HIRXV Z RINQJ
JURXSV DQG IHVHDURK LQMDWYHY DRIRW WH VHARU DQG KDV GHIYHIHG WDIQIQJ SURIWDP P HV 1Q VKDUQJ DQG FDUQJ 1RU

FROPARQV Z RUTZ IGH

. DM IV FR IQHWIDRURQ / RIMAEY  6HRXUQJ +LJK 9DOXH * RRGV XVIQJ 6HD 3UIRWIPMY) ( GIH &RP SXWIXQGHG E\
3(75%$6 6' 708

$O\WRQ 5ROLQJWRQ
+HDG Rl & ROOHFWLRQ ODQDJHPHQW
7DWH

$OVRQ LV + HDG Rl &RTPWRQ 0 DQDIHP HQADW DM DQG KDVRYHU — \ HDW/ Rl H| SHUHQRH LQ FRGPARQ P DQDIHP HQWQ WH
P XVHXP V DQG J DUHY VHRRU $OVRQ NRIOHG 7DW 1Q Z RINQJ DV D UHI MADUDRIRW LRGN 1Q &RTPWRQ &DUH DQG 1RU
ILYH \ HDU/ NRIQWD Z WK 1 DWRQDO* DABUHV Rl 6FRWDQG DV ([ KIEMRQV DQG &RMIMRQ 0 DQDIHURQ WH $57-67 5220 6
QDMRQDOVRXUQJ SLRIWDP P H 3UHYIRXV VR 7DW VKH KHG URGN DWMDLELFDQ $UA* DB DQG 3DUDVRO8 QW $V + HDG R

&RGPARQ 0 DQDIHP HOWS ®VRQ EUQIV Z IGH LDQILQI NQRZ BIGIH DQG H SHWWH LQ DODVSHRW Rl P DQDILQI FRPARQV
H KIEIMRQV GDQV DQG DFTXIMMRQV

$OVRQ IV FR IQYHVWIDRURQ / RIMAEY ~ 6HFXUQJ +LIK 9DXXH * RRGV XVIQJ 6HD 3URWPAQI ( GIH &RP SXWM I XQGHG E\
3(75$6 6' 708



