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7KHLQPRQWKRMIRXU \ISDB MHFAKV55-DUBRRQ ®VFLHQW UHED O ®ALPH |
RIUHD S WXEH QH IRWR O O D E RARDMILE RI] H @YF R O O H IDIXHRX VW R SLHWV\D O \DR)
LP SR UVRB RW W XQRI WNO R GWKR U L J LODACEQ. W IDRQBVF K LH Y ISD F$WD VHF W
VSHFISUMHARF>XQJRQIDULQ@®G®DULWLPH UHVHDBHRKDYRSHUDMMWX|
LQVWLWYXMWRRIQOY VF L S\OKLIWQ R 2R HF R P S D U D W [YRIDW &/ KUHL RNE H L
GLVFRQQHFWHG IURP LWV QRQ DFDGHPLF VWDNHKROGHUYV

2X W URMWHRIX W B G G U MKW VWWHPRABWKWOXHARQREDWREHFRAHWFRPSHWDWODHPH FKDQDVYQJ
SROLF\ POONHHUQYYLVD IPGDODHPHGWVGRQVIHOHD DRIGQQRYDWER@VKSEH 0 VHFWDUW K XD/Q
DPELWLRXV XQGHUWDNLQJ IURP WKH VWDUW

2QHIWKHKDO O HNGUIRAY REQWHUQ FWPRBQRDDOR B QY P SOHPHQ WK DRBR Q G L VDICREXF F HFWW. W H U L
IRWKWERUNUFRRQWH[W VGG HSFR QN KWH J L RIDDEX OWKQYPDOUR QP O\®AL QVWLWYXWUROWE U
DQSRO L FIDHWY KWH J LRIGZ D Q VIHED OHNR UQ VW DREGRI(XURSPRWMFRQRP LG BHO OLYBIBB WAS HFLILF
VW U XFWRQ G DWLIREGW K55 -DSSURBPKWLFXEDHOR®WE D VWHW X GLBEDQVBQLYHUBBWIKLFK

D O U HPREQ V L G IHW VAR VIHQON H U F R ZQ MBKRVAEDROY L Q H VWAKHHK J L RIRDY ®1 U Q PIH@BVKYHR O X Q WHFWADRWI K H
VW IRUWMK 5 5 — $ U RAWEU H D WIIREAS VN L @R U@ IR WDRQH®/X S S R UR\LIMQRTF L ADWD Q 8 WILWY ® H U HH R M H QMR D C
LWAR G-D Q Q VL J K\ WKIDUR X B R MAHRFONO H'JISOHVEKD O O DVZKID\ UKHHAY H D i \8 H U L HZLAMHB/S — 8 H O SWEH
XQLYHUVLW\ WR GHHSHQ LWV VWDNHKROGHU UHODWLRQV

% \E URVLQVKUR RI KD H ZV O HWR WA R XQR QW K$IU R MMR WU QURKRZHL QL WH B ®®X H UWIGH. YD V H
VW X'GL WHER X GH BVFRKIW KMHD UHRI5-GHY HOQ G L Y I$E XR3B0PD @) GL Q DHDYOD O X\DKHK D OR WK E N D Q J H
SURFHVV DQG WKH LPSDFW LW KDG RQ ERWK WKH GHPR VLWHV DQG WKHLU VWDNHKR

2QHRI WKS$IURMHNFHW XFFHP FWRD W R Q J D WHWL WLHE/D \ W K BIWW F R X U [P XMGXO@OD U QURBI D FRWKHU V
H[SHULHD@EEN\SW DFWHFSHFWDWHRGA@WERQFHYYMURHEXWXBDUQUGAIUFL DWW K HMDOXDWL
FRPSUDWRHD SVWR@HN B U R MHHF W KGIL | | H BWHADUADRIIRKWH D IRVZ R UDNUFR P L QA R J H W2KKHRR O O H DU X H V
'LDR\XB@®QGBUR+XE=ZD BW V F UL@E H WIDWHE Q¥ Z V O HVRARHKUB U R MVHHRW\W R H G H W &R @M [SHUW L V' |
V RV K B V WKLLGHIUKOLUHRIN Q R Z O HEGHWI Z FVHFQ H @ PDHE WAW D N H K FER G I B HHYO ORHXGA QV K HRZ KW XKD U Q L Q.
VHVVLRIVLRURUPDMME HV R X UFFHLO L VO HG B B RV W D N H K RAORGR-FUIAVK HYLLWH ZD/Q @ [ F K D QKIRIZ
WKHLU H[SHUWLVH FDQ LQIOXHQFH UHVHDUFK

5HJD UGUQIUR M HDAHA DW KD U L RX 6 H O DQH\WH SRDWE/H V L J VHEGD SS O L ADED®RWKMHO UHVHDUFK
LQVWLWEKS\HRIQYF W L WS R/Q RIIDNIEHH HRX WS O D KK FE\D &L YALFV V LARMU D WHEIS Z K L FKL O ®L GWHK H
XQLYHUVLW\ V VWUDWHJ\ IDU EH\RQG WKH SURMHFW OLIHWLPH +RZHYHU PDQ\ RI RX
FKD O O HWRR@IV IMIWKDHN H KR Q BIHIUH PHIRMWL YIRW B H U WGKH G L F VW IEX® O HX VW WHWL U G ISCRUBNRDIE H
DFTXLUFIBUW MDM\QLOQWRZ DWIEY H DIXRIG LIQ & F L H GRHD IRAU.J D Q L V DWNVELIRFROWIWGKEAW U X F WRKWB 5+W R
EHFRPH D VXVWDLQDEOH HOHPHQW RI WKH UHVHDUFK DQG LQQRYDWLRQ V\VWHP

$OH[DQEGHWE HYX B RIHVINRBURJUDP®KDRUSFLHQERPPXQLFDDAWRQPDQL®WHUQDSBKIRIGD O
‘DDOBQLYUVLWQ GHVHDUEKWHFWRMY K H[WUD P XUDWOWV L WM. HQFEG-QQRYDWRRE®XQLFDWLR
LQVFL%BRIIRUHWXU@MBDGHPWKMFLHQWIQWRHSUHLQMRXQGEHQGIGLWRU LRIFKQIHIILVLRQ
0DJD]LQH DQG +HDG RI ODUNHWLQJ &RPPXQLFDWLRQV DW JUDXQKRIHU -&7 IRU VH'
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5XW &D@z D\ 6HQIRUS HVHDUFK 6 FLHOVIAMWV
0 DUQH%R®I\ DW6Z DQVHD 8 QLYHUAW

KDWRWDWIBBDQVIBRLYHUVA3W EEHSDURNW KH
*55-3 SURMHFW"

6ZDQVSH®LYHUEEMWDUHV HD U FRKU OBIGL VORFIRGH G
RQRIWKMR V®H S U LY HIEL QW KIRQKW UQ UR SHH VW

‘DOHWQGWKHDOOHBHILRQMPORPLFDQGVRFLDO
GHYHORSRHQVR XIROODER SDWMHWEMWWKQ G XV WU\
YROXQWBBWRWIDQLVDWQE®YHUQPH®MWDMRU

SULRWBIBWL PW R UH DWRHEAS V NAROUN | R UFGI® X SSR U W -,
WKH HVWDEOLVKPHQW DQG JURZWK RI QHZ RUJDQLVDWI

S s
miE R

7KHVBIVSLUDWHRRNUHH VS R Q WIHD H R O WW K B W s e
L QY R QWS V H Q W DURIBYG® O RO L DR IR Y HILG HF D Gl oo iy 7 KUK (QFOIGHY P DUOH UWDUK 1Y FXULHOWD

68KDYPSURYYAWXKMDDQ GRWGEY H DSIFKM HHWY G N ﬁ’R . WIRUSR\ME@HXWLHI—QJDJI—PI—QN
)%Nbﬁ&& @POAH : DBV Z RX@ EH D SOWRLP

HTXDOLW\ DQG RSHQHG DFFHVV WR LWV U
DAY +LIKHU (GXFDMRQ -QMIMMRQYV  +(V SXETF DQG
2 X W M H D UVFKCR X\DHBU WHKIIR P P X Q LB R X WIKO H VK L WA O/ VR ZRON VRIFWHU VR FRODIIHD DGVDORH DOG

RIWRRED QVKRMKD YWRQJDZHWEL I 1| H UWHMDW HKR © DBV P DUQH DQG FROWEOVHRRY W SXUBRWH LV

S$QARWKDWDVRG-ZRUNWHUAH@OD FR Q FHBKMH SIQ) WH %OXH * UHHQ (FRQRP \  SLRP RWQJ FALRW [QWYMWRQ

PRVWQW H U HVDNLREK VZDW KRS S RX QMR [DP L Q H HP SRZHUQ) FRP P XQMHEV R
HYHBUH H[LVOVAHRMUHVSRQUHNGIDDFEQQRY D W LD\M““LQQP%@U&E@RDQG SRZ
ZLWKLQ WKH RUJDQLVDWLRQ

6HRQGD \MH 9%R+8% ZRXG SWRYIGH DFFHW \R FX\MQJ HGJH
TRIHS5-SURMBIBWRBHW X QG H U LLQ/WS QR F H V Yy postRGXPAHVHDUAK DQG IQQRYDARQ | DROAHY SDUFXDUD (Q
ZLWWKH[SHUWRI6E-H[SHUWKHWHQY LVDRBBEDWEQD priurDy  DIUEXGXUH 1RRG DOG FRW HARY W Z RXG
EHVSRNHY S RQVGHVHD U R QR Y D WA QR F H VR HKSSRUNGHZ EXVIOHWHY DOG WDIOIOU 1RUGFDOFRP P XQMEN

PDULQHV HDUKIKFAD \5 D U W L FIW VWG ERN 68 rp £10p” H SHUMH o oo b G DOG EXV,QESVG
55-D W/ LY LOMLBHNVQH GR W KHQ W K QH Y H ID\QLEVR VR U { SGU0) QRYHOHOYILROP HOWID |UHOGD SLRGXFW DOG VROMROY

VXE XQUWYPDULQMVHDURKVLPSRUWWEN UPomyw QHg RIW FRXG SRMMD® EH YHKIFGN |RU WENHKRGHU
VX VWD L QIREPGHHEWZIRW QR Q D F D G ISPILFW Q 8 UNjh G P DUOH UVHDUAK

JRYHUQPHRUNDQLYVDMQARIQM Q PHIQIXDD® Y RW X U
FRQVHUYRWURQLVDWDRRBRUH GXYWVQGFRDVWD Qor D\SILHY VR CHYHES P DUQH AW HQ VAHQAH SWRVFW $
FRPPXQLWEAHANWKHUHILRWHHUHQWHGR YAMJIR | IXQEQ) DSSTDMRQ ZDV PDGH VR WH 8. S5HWDUK DQG
ZRUNLQJ ZLWK VWDNHKROGHUYV -QORYDARQ IXQGIQI ERG\ IRU AW HQ VAHQRH SIRMFW IQFOXGIQJ
V¥ R P DUQH SIRMFW ([ WLRDA XQGEQJ LIV QHFHWWDU |RUWLY DRARQ
-PSRUWDRSMB®OORESHWRRUBHHSHRIQ QHFW LR ®Y \WSSRUN Ml ('(:][G.FDNG VR FRP P XQW DRRMMHY WH
PDULQH UHVHDUFK RUJDQLVDWLRQV WKURXGNMEBSPMOWH HiHE EXCHRBIRY Codd) RiAHP IODWRQ R
DQELWKKHPWQDEGHEREHWWERGHUVWREH Z\RX\WRP HV 7KH DSSTFDARQ Z DV XQ RUMQDWAD XQUXFRHW XO EXW
FKDOOHQJHV DQG DSSURDFKHV WR UHYV SR @VUIHE Qd\ ARPY s WRELY DVSILDWRQ DQG Z RUNV FRVHOD Z W

LQMUODODQG H WILRDOSDUAHLY VR LQMI DM AW HQ VAHQRH LQ RXU
&DQRXSURY L\GRHPM G HW DRI®'® H F LD ERV L R/®'D D W R 6 DUOH UMVHDUFK

55- LPSOHPHQWDWLRQ ZLWKLQ 68"
: KDWVXSSRUAQJ |DRVRUY H IMWIQ 68 VR HQIDIH Z VK Z LGHU
7TKH*55-3DXGISWRYLGREBSHOOBLYQEH QKOS LV \VRFHDOMDNHKRGHLY
UHODWLEHDO EAMHURWHQGHTUXD OHWK IMPLHQFH
HGXFDWIRERSHRFFHYKNHUH | RUKEIF W ISRO@ R F XV Hy®V68 WHH IV FRQUGHDE®! VXSSRWIWRP \WH GHSDUR HQWO
RQ SXEOLWHFQJIDIJHPHIQMGFRQQHFWVW LYKV KH LGHBDGHUKIS Wl  |IRU HQDIHP HQW ZIW  ZIGHU VRAHWO
VWDNHKROGHU FRPPXQLW\ WENHKRGHY ) RURYHUD GHFDGH WH GHSDUR HQAZ DV IQYROHG IQ
FREERWDWYH P DUQH IHVHDURK Z I QRQ DFDGHP [F SDUGHY
$ QXPEHRIGLIIHUHQWDWHNUKN ULDOBIGILIQRP
FUHDWPWHHMLQ@ILWYXWDNHKRIRGEHQYE L Y LB XD IOQBMHDUK LI IDMAKRMUH VXK DV WH VHD JRIQI IHMVHDUK YHWHORU
SURMHFRWLIK OBYWEXVXRBRV KR BIKZ L GHD Q J BIXDFXOWH | DAMAHYV ZHH P DGH DYDIOE®! \R WENHKRGHY/ |RU
RIGLIIHUHOIWN H K RTOKGHHHG E AR KG L | 1 H UHYQH/D WM 2P SOGI WILRXIK WH (5' ) SWIRMPW:_-6( 5HVHDURK VXSSRUAMYJ
ZLOWULXW QLQH W XEQNW D F WLLGVHHW R W W D N H K RFODAGHUUHQHZ DE®! HQHU\  HOMUBSUMHY Z DV IQMDWIG WILRXJIK
HQJDJHPHQW 6($&$0 6 DQG FR@ERWDWH FRDWEO HR HQIIQHHUQ) SLRMFW
ZHH FUHDMG WWRXIK WH -QMUH) AHDQG: DBV SWRWPW

(&2 6758 &78 5(
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$WX QLY H UO/H YW &HHL W X S S RIRWW WD NHKR O
HQJDJHPHWWURXJKHVHDUFKIDIHPHQW
~QQRYDMHIRYQ FHV67KHXQLWX SSRBWRMHF
PDQDJHPHNKFRPPHUF LD OR MIHV H® BIG
WKH GHYHORSPHQW RI EXVLQHVV LGHD

YRU55-35(—& W DIV V L VAL MBU D F WDLVFDHORW V
RUJDQLWIRMNVKRBRH\DOVEXQ/-1& WKH

8QLYHUWBIMPEHQJDJHPEBWZRURYL®BLQ.
VHULHRY FROODER UDMVIOWBY GLORUPDWL Y
FRPPXQLFDWRRRXL QUHWZRISN LY BWEOLF
DQ® KLMHF VRRUD Q LV D'\W URGW K@M Z R &8\

VWDII FDQ PHHW ZLWK D UDQJH RI RUJ

KDWUMWKHBHLIJIJHVDMWULWRVYGHUNDNHKR O
HQJDJHPHQW IRU 68"

6RFLHWBDNH K RI@G B UH P WX L DHWR R
PDQSRZHN ORWI HITRUWM HTXLUWHNMFWL)
FRPPXQLFIFWDRM@WKRXQHHGBHQHUDXH. Q
IURBHRSBXWKBDQEWRQH ZPRQYHUVDW
~W KDV WR JR ERWK ZD\V

7KHH[WHUKXIMGE LQDQ GV FDSIHY\WKHAD\ 68
FDUURMWDULQHVHDUKKVRSISEM.RULBL V|
FRPPXQLWRMWMNUQPHQGQG X \DUERWO ZD\V
DOLJQHBKQG LRBISRUW X QXLWRIHER QG LLY/J
RIW M ® URO R VOIOQ NHBX L O GH@ID JH®@ WR X
KD YWKDNLPSD¥WDW H PEHQAMKS VUWW VXD O O
GLVVHPLQDWLRQ DW WKH HQG RI WKH

~QFRQW U DWKMW55-3DS S URKKWWDNHKROC
L QF O X[V G/QAV D RHV H V H D /@ @ VO R @MV K D W
LV QSWURNW KHK Q G IF X O WW K HQU H P D LYQHW \
GLIILFXOW WR GR ZHOO

IXUWKH@QWHURPDGHPYBPOXHURIHVVLR
UHFRJQ D\WIGR-QV WS 0 DR UWW D\WGH. W L R RRO

UHVHDUFKHOOH GPHR VHIDLQNM&RVFLHQWL
SXEOLFDQISRIF M R K U QIDOWKHUMOHT X D O L W
R1 VEVN H K R OKS®ID J H P HRKW \F D QF X U WW K®i

PRWLYDRVHERWDEOEDKHE U ®UIDYEHF WD ||
WRGHYHPRIDQLQIWL®H FRQVXMDNHKRO
HQJDJHPH@EHYHWKH DK K LIQRI JUDG XD (
FKDQJPMQLIHVIMWW®RGHYHORSRIBOSELYLF
OLVVLRQ 6WUDWHJ\

21 FRXUWKISURMBKWDWRRWYW DOV RKH
SURMHFWEHHQQYRONBTGHUHDOZD\V
VRPHWLPHVWHDU®YRQDRQHQRXJIJWRGR
PHDQLQVYMDNH KR Q &I H P BhQWKD WI R X Q G
Z D WIEKWAR XO R NN R 2W KEX G J HWS OW WKID U G
VFLHQAFHLYH\WRIWKEXGJHZWWKQ MY HU\
VPDO/®@LBHVHUYRISE WDNHKRWERPPXQLW
HQJDJHPHQW

7KIHKLHAUD ZEMKISQ R M HFMMIR X F KV W IWMX®!
DOSKPLHQWKRIMWWEG RLQUKHWMFLHQIF@IGR X
KDYWKHHOWWFLHQWILRW)XD VPDOELWI
VWDNHKROQGBUHPHQWH ZDQWRLPSURYH
VRFLAWDBOQ RWWHVHDUWKLIQOMD WEHFRPH
PXFK PRUH HTXLWDEOH
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+RZ GLG 68 EHQHILW IURP WKH VRFLHWDO HQJDJHPHQW ZRUNVKRS"

68LQLWLDHNWHE DODIHPHRWN VKR K&V DL Q NHRES H F ISIlUR M HHRWKRVHHUOEFEX U D JMRBUKLJK OBYWBXVVLF
D E R XXWV XWHHV H DAJILRKH F WIKRQIYWDO BB G WDINEHWWEGH U VW RIGV H DHOVMAWH ERVG L I TH WHRFWHW L
VHFWRUYV DQG LQFRUSRUDWH WKRVH LQ WKHLU RZQ UHVHDUFK

2QWHIO NS GHWDNHKR®ERIBBUNQRZOHGERYWDQGEHUHQFRXUDMBQW LWKFHR QY H U VR@DLR Q
LOQGLYLBXDIGURMNBWFLIRENVKRSHW X OMIR®IJRLEDRPP X QLFDEH\RDHSDU W QHUFEORVZIRUNLQJ
UHODW L R@V B SAIMWKN DN HK RIS HDYHRN QW H URIM VD P SPBIYHQHWWHBHIHQWHNPSDUWLFXOL
I[UXLWIXO DV LW EHQHILWY HYHU\RQH VLPXOWDQHRXVO\ ZLWKLQ WKHLU RZQ VHFWRU

7KH HWZWR UN V KRSWN KRIQ HA K H WHHFDPW RIHWWRHW FXHWUWSHFSIULRMBRERD QR PH LWD OZDDERXW
FRDVGH@®F HYQ & K HZ/RU N V KIREBYWHH D DY MKZD\ARUKDMWMEGR H VW D E OAR/KMIGHIO D W L RGMHKQ BNV D O
WKIRUPDSVMRY LBHEHQH RWNLQPSI W WIDIRRQHWZRWNMOBWBHYHORSRPHSZLWIKHZGHDYW KHUH V
GHILQLWHO\ D OHJDF\ UHVXOWLQJ IURP WKRVH ZRUNVKRSV

'LG DQ\ IXWXUH FROODERUDWLRQV RU UHVHDUFK LGHDV RU PHHWLQJY HPHUJH DV D U

3URM HOAWH5 - X D YWQRZEBOBFHYUWLFLIS@ERRQVICRDW®R HZF R QWWAK RL Q W U R GROMHD Q RW K H L
UHV H DSUFW QBQEROOHRRXKIHONORS ZJHVHDSIFKSRYBOFLILARODI ZQ WKKGIR FFDRX QR QFORD VW D
LQIUDVW KX B WX UBW PGS DR MHBW Q J O IF\RKK QIF WXCKAR X \& R D \( YJ D J HIRZ\L WAKK B R/X QKD @ R D HE R
FORFVROODERDQ®SBRUW XIQRUYHA HWRMHEEWXZ LG HIUHP LV Y R OV HYU DR FIXOW K R UH Y HWR QP HQ
UHJXODWRUV DQG FRPPXQLWLHV

*55-3 W VKIIDW O VORHE R HZA R O O D E RZD WKRER X V8 KU L F-bQv W IRV B WolLR G L Y HIKVR WD Q L VIODVR R Q
W U DURHNF RIUES D Q @ KD UW & HYLLUH DWW K#55—-%*0 L@ D\ &RPPRQHVHDLUWPAKH ZHWMWHPHUJEEBULQJ
WKH 4 $ VHVVLRQ OHDGLQJ WR D IROORZ XS PHHWLQJ ZKLFK DOVR LQFOXGHG DQ LQC(

:KDW DUH \RXU SHUVRQDO KLJKOLJKWYV RI *55-3 SURMHFW"

O\ SWVREDROKOEZDKAHHWEZQWKW KMHDWULRUIDQLYVDBWEZBR@W R SLHO DOKIMB PLWRIRDX V' LVFXVVLRCQC
D E R YWKIHX G2 WR F MMM J J H URHK® Q DEHR/XKNR G DWR WD W DVWH O M U DVHHDERKUIJD QLVDPARMERYPHORSPH (
RI DFWLRQ SODQV KLJKOLJKWHG WKH GLIITHUHQW VWUHQJWKY DQG ZHDNQHVVHV RI RX

- SDUWLFHQEMBOBAKRISSRUWWEGLWFXRUNVKRGEDVUDWHRX®@ YLAHQHUDO6®AY D G L FFKDO\IP\G
YLHREAHQIDIZQWW DNHKR OIGHHUR MWAE MJ J B HGQGWIXQ4 WL AFKOOREZHW®BVWIBIEIDNWRPPRVWEDGHPLD
IRFXVHIGHZSRLRSV UHFLDWKHRQ ORHDPXFR RUBHPRFUDSSWFR WHRKHVHDUWK D DR Q M\V P D YO MR
PDNHDVPDEBQWDHONMRRQVLREGZWKDWHYUWRMIRKWD SSMEHZRUNIRQDH[WKDWDQ@HGRNRDNMWKLYV
UHVHDUFK PRUH UHOHYDQW DQG EULQJ LW WR WKH IRUHIURQW IRU ZLGHU VRFLHW\" —



University

a @\ Swansea

==} / Prifysgol
Abertawe

3$571(5 352),/(

6ZDQVS@YHUYDWRXQGRIGHU \HDWVE\LQGXVRWAE G X \D/QG\
KDE¥HHQDQNBIVR QR IWKWRS XQLYHUVRWLMSLROXWALY H@K LV
EDFNJURXQDBQVHBRLYHUKNDWOZDBHHGBDIHWRZRUNLWKW V
FRPPXQUWBHYHQRSRSSRUWXRQEDHW QH UBWM/IXFK WX O | LWV

UR ONV KBIFD G H P WRJ IRQVEKHX D G U XHIORIL Q QR Y DIKLABQWHUD FW V

ZLWK WKH RWKHU VWUDQGV RI WKLV KHOL[ SROLF\ LQGXVWU\ DQG VRFLHW\

ODUL@HVHDUMKNH\GLVFLSAOMWXWNKRHSDUWPRIQW RVFELHQWFHYV
6ZDQVHD 8QLYHKHBVEWSDUWPHQW RIITHUV FRXUVHV LQ ELRORJ\ J]RRORJ\ DQG PDULQH

ELROPWQGHUJUDD@BWWW JUDGHNDMGNF FUHGEWHKEGR\D O
6RFLIRWALRORBRDULQHVHDIMFRQGXFRMQGEYHVXEMHRPELQLQJ
IXQGDPHQWDO DQG DSSOLHG VFLHQFH

7KHP DULQHYV H DFURFAKX Q LW D NDHY Q WGIL V F L SBDS SUDRIE KK O RIAD J
VWURQNVWRUDTXDWHVHDDRKZDQVIBRLYHUBZW®VIDULQH
5HVHDBRKHEWKDYLRQ®RY H P HIQFMR O RUX R O X W IDRIGEDRIAHF X O D U
HFRORUILVKHWLH® TXDFXOSRIMODWQ &GP P X QIHWR O RZKR O H
RUJDQLVP ELRORJ\ DQG QRQ QDWLYH VSHFLHV FRQWURO

5HVHDWRKVRR QV L GMKNQWHUFRQQEWWRIES LI THUHQW KZDWHU
HVWXDDQ@®DULERYLURQPHREMWDQDPWHFRPSRQHRIWKHVH
VIVWHRWWKRGVUH FRPTLCDWLRAVHUY D WHBGDOPHRY® O
PRGHODMISGURDFKHX QLY HWKDLNS X USRVH EXWO RDUWH\WH D U FK
YHVVHO ZKLFK FDUULHV SDVVHQJHUYV

- QUQHFOWDWDULQHVHDIRFKVR@ SSOWRSLEVMROOD ERIUIDMKL R Q

LQGXVWU\ SDUWQHUV BK$K $D'§ UR QIBNAVE WWKEE HORSPRHQ W
RSSRUWXIQPWEBVERRRQRPLE®QVZHWUHGE HDIUWAEKYWISRQWG

E\ PDULQH HOQOWHUSULVHY DQG PDULQH UHQHZDEOH HQHUJ\ FRPSDQLHYV

-Q WK&HQWRBXVWDLODEDWHNHD &BE5ZDMVMRXQ G H®\D
FHQVWRUHH[F H O OBLQWAX SSRUR/RVKHK UR S HBOQQ RMIOVARYHUQPHQW
DQ6ZDQVSHPL Y H UMW S SHGWPKR GHURODVRIUDPPDEPIHUFXODWLQJ
DTXDFXOWXWHRBE¥$SFDUURKWS S O UH® HDRIGIXG LY H U DI R
DTXDVWRIWFIDQLVBRPWHPSHUWRMUISLFDQGDULQHRUHVKZDWHU
HQYLURQPHQWYV

&XUUHQWOLEQHHI FIKW W U H Q J W K\WEALLGINIVAJKR Y H U Q P HQ@GAX V W U \
DQE@LGHWRFLBWRXRQRGXPEHRUVSHFWRBLRWH[DPSMKHDWXUD O
3URGXBWR+ 8RR Q Q HFW N H K RLGGAHHJUH. QMKEGE G KW HR 11D W X U D O
3URGXEMWKW®HB J U L F X OS\WOULPMW HXD®D® D Q X IDFWXQGAYWULHV
ZLWK WKH DLP WR FRQWULEXWH WR D KHDOWKLHU HQ

vV

S ERXW6Z DQVHD 8 QLYHUMW

7KHRDV$(D®LDREHE$: DVSLWHR UW R JHVZK WAL J K HEX FD W
“QVWLWRWGREORO G UL Y DM HUSWRVRIOOHFING Y B QF® G L e
VWUHQJIWRHRDULQBGRDVWHDRWRURUPLRIQLILHRLFHKHVH ° LEF%{Q&P}UF—Z*“%S”
QHZRQHW KRAL GIQ V XZUG 131 U W L F LIB@E&Q R H PHIQWKW DNHKR OB HUV. = SCA STL«E,

DQG WKHUHE\ GHHSHQ WKH LPSDFW DQG VRELHWDO UHOHYDOFH RI IXWXUH PDULQHIUH)

HEVLWA
—EB A xxx iAxs«A sige i ¢




* 55 3 3LRMIFW FREH{PAYH LHI GIPARQ WULRXJ K 0 XWXDO
/ HDUQLOQJ D FROMQXRXV SURFHW

; IDRVXH7DQ  + XE =Z DUN( DWW XVEFRKRRRI 3KIRVRSK\ ( IDWP XV 8 QLYHMW
SRMAGDP  WH 1 HWHUDQGV

*55_3DLPWRHPEG55- 5HVSRQVEHOHD UF®G
~QQRYDWQRIBKBRYHUQDWQFHUXFRIXEMUXURSHDQ
ODULQBGDULWIOP® UHVHDSHWKRURLIDQLVDWLRQV
DQGRQHGXDIXQFWIWRIWHDBHAK IRUPDQBXQGLQJ
RUJDQLV DWILRGL M X O | L /KHI® DR Q J R LRXIW X D O
OHDUGURFH\VWWRPELQDILMSE ULR DOXDI/QBQV
UHI1OH F \E RREOW KN KSIU R MHEQW R UlVQ BR DG U X SO H
+HOL[ 4+ UHSUHVHQWDWLYHV

7KXW X/BOUQUAUFLWAWDSSURBOKN DVSMFLILF
XQGHUVW BROGKIRORIH[ S H U W-MRHY H/Z DVUR BV K H
NQRZOHIGHIHFREHIK HUHSHWWW[S HF WHR® IRUP

W KS$IX EODR X W V L ® HIUAW H DUWHKXIOBR/QH GLUHFWLRQDO
PDQQIRUZ K HUHH[ S H UAL W KL RR U J D Q L V DQM RRIE) G
LOQVWUXFW FROOHDJXHV RQ 55—

5D W KW KWW D USRIQI® QH Q JD JH P B RWLLYWWK\DW O
SDUW L F DMHYSHAULRVKWH Q RHUH SUH V HPV8 RW D Q W
YLHDQG [SHULHRPR@NFHURRZUIHV HDRIFEHGRQH
DQGZKDWWNPSDFWR/XOEH 0XOWLBIOHZ S R Lopey— @D\ DK\EUPEW XO®D U YHYY ZRRQGXFW!
H[SHULHDEKNO SDXICPDQFDVHWNGLIILRXOUM G LEWWKWRARQVRUWKXRWKHS55-3HQHUTHH W LW
KRZUHVHDHEG&HDYRXGIY RODYMMBRZVRFLRW\EH /LVERWRXQGHUVWXQEULY WG KDOOHRUHV
DIIHFWHG EHFDXVH WKH IXWXUH LV RSHQ D%@JDPd td REAQPY \HORHEWHULRNS U R MUHPFRS/O H P H Q WRVW
ZDWKDUWERBWHQJDJHPHWWHWEHE HQH | LIFVLMMO
*55_13 GHL\DQ_QFG]GBXWXDGDUQPLI'Q'UWLQQ\YROYE QOFUHDR/MIRPPXQLWKEHSRRWSDUWLEBEXEGDU F
SURMARWVRUWHPEHUWYLWHSUHVHQ WMWY HRPQG LPSURYH TXDOLW\ RI ZRUN DQG NQRZO!
DFWRILUJ\RBFDGHFLIQl]BXVSIRDLFFL\Y\A.FCFLI—D\W\LIIHUH%W
VWD RIWKSURMHFH¥X G MWD $HWLRID ®3 GHVLIOPQIXDEBUULBBEDGHPURQBGXVHVHURZKLFBUH
VWD$BLPSOHPHQWYBMLERU R MRS O HWW B @HR VSHFWRFKHGRIUWOLYEAMUHDLVMHGKDOOHRIAHYV
S UR P RWKHJ HIGH | QLHRAME R XWKRIX W F R'P M D FRIW K H v Hi QJD JH P RQWK HED U U LIHHUQYW L RQGIRO XGHBV R XU F
-~ GGLWIHRWL RFLFOXD WHIRRKURYLGARBQWH{W FRQVWUIRIUWDMWX @D B QJIDJHP IRRW UHF RJIRILWIR

I X UW KHUWO H FILWRKQE®D U W L F IZDDIQQWWH J UMWMWRGH S RWHQWILOXMQFDUHBURJUHVRLBRVHDUFRRGY
SURMHFW FRQFHSWXDOLVDWLRQ GLIILFXORQHDAH HIWHPRPEHZKRILYHROXQWD

WLPMSHFLILFDWKHID WEGVKBFWLERQNVQVWD N HRU

~@FWREHU DIWWKDIX GUWDZB\F R B OHWHCRIHN LPSOHPHQWRDIWALRIBS-NH\VZLWKMWXHLYH 0
OLPHKWXDEDU@RUWNVKREEUKHOIRWBDLUMBWHRUJDQLVDWLRQV LQ WKH *55-3 SURMHFW
EDV HREW K$HU H O L P HY D O\X DM IVRBRDO\F H U K@ 5 —
PDWXUQLNMWMHROWMHDFR KHG LV F XV \KHRMSAGD IR3HQ 3URSRVHRGO XWIWRYKHWVHDOOHRQIARUXERGDJILQ.
GDWBRPPLWPHQ@®Y¥55-3 DQGDULYWWVKDUHEDULRKSHVHQWRWLEBQJXWKHBDREHKXQGHUVWR
XQGHUVWDRGEXHHTXLVWEBRUZURQHRQ oLEFY QRQ DFDGHRAHYWHORSLIRDUHBQGHUVWDQG
PXWXD®DUQZRYNVKDPSKHABDA®DH LWMHM QXD WMQIOXHQFHQHAD UFEGLRUJIDQLYVDWURKQNQJHE
WR GLVEXVV WKH GUDIW $FWLRQ 30D QVHYPAHD R 6 RPRVH B $sEHUIAR Y & @ Ldiy\o RS IDQ 55 -
7KLRXWROHDU GILYHIBWG SDUWLFUBR@QWKW YHDFFUHGLWDWAURRLPLODREWKH@ZDQ DQGWKH
FDWHW XGBAWRIZKLFK RIWK$D UW L F USs@WWKDBK QFRUSRUDWLRQ RI SXEOLF HQIJDJHPHQW LG

WKH\ KDG OHDUQW D ORW RU D JUHDW GHDO



* 55,3 3WIRMIFW FR@IAAYH UHI GIFPMRQ VKLRXJ K 0 XVXDO
[ HDUQLQJ D FROQWOXRXV SURAFHW

; IDRAXH7DQ  + XE =Z DUN( WDWP XVE6RKRRCRI 3KIRVRSK\ ( WDWP XV 8 QlYHUAW
SRWALGDP  WH 1 HWHUDQGV

7 K W/ L WIHOAPRY H WBIX O D IRM\AHHY HBR QWW RI [FK D Q J$IG G L W L RIQKIPOXOW XD 9D U GIURF HD\OWO R XMVER G M X V \

H[SHULHRGEBW HW BRSU J D Q L V DDALERID/IKKD@IHW Y D O X PWMMRK@R G\ UR P H O L RQFXU Y MARXD O LW DV

~QWKHGHVFXVVERGHWROODERUPWAWRRYRPH LQWHUY DIQGWRLQWH JUHDPSHHU L H QB RRR WK 58 —

VWLBRGLIILRRSWHFEWDULRSS$URDMRHIDIH URMHAVMORO OB ¥ DUIRQNQRZOHIBQERR G5 —

H[WHUQDO 4+ DFWRUV LQ *55-3 V DFWLYLWSHD FWHKH UGHARIO R & RGHDODW HRIDPVRQ SVNOK H
H[SHUWW5-DQBGDULQKYROYIP® GLWWKH5-3

$FRPPXQLW\ SCROQVSBURQ WKH PDULQH DQGSRIRMMAWH VHFWRU

LEHLQ@@IHVLJQBGLW[SHF WHE®WLSORY DGHS D FH

IRWHXODRQWHUDPWRRQVWDNH K RIDFGHRI®QYHS$FFRUGWBVK HHHED FNHFHLBBGWLFLIS@EQMNUD C

*55—F D VHW X GL WIHY®/ KHL G WR FL HWHMLQBRW XDIRXQ W KR X W X D® D U QLMW L Y RWASH\V: 3X V H 1 D@ G

OHDUQRQNVKRW EHKHOG UDRDQDUQEFHPEHWHZDUGL@Y/LWHUHVHQWRWRMBGWKDWWHUPV

DV WKH SURMHFW DSSURDFKHV FRPSOHRMWRIER VWHZDUGI[OHULHG@PH LWDWHDW®@HDUQ

DERXMKRWKADVWW X G L W HW H UR D V X DROGDRH

7KH55-% URMBYOOR Q J R LRXIW X@D U GURF HWMDN PRQWH(FKDQLIBG BIYFKDQZKO®L GRRW RN Q@ ULHG

EHHQQLQWHUHVO\HQULFKI[OB UEH@RYL@ZD\ WR FRPH XS ZLWK VROXWLRQV

IURRVRS GRZRP P XQLFDMLRIVEBAZBDY WWELY H

WKHORRURXOW UBSOMRIH[SHUVDIQWED F L O IPW DAY BDKH/VWHPDFWPELQDRME RW XOWDQJISU R F H \Z\L MAK

O H D U Q EQVIL WWLKHWROR XO/B 65 - ¥ WD JWH I OHE@VHKEBIHY D O X D VQ BBIVOH F VR RIFB5 - D XQL T~ UH O D W

VHVVLRQYELDORRINLHQBMHEGW L FLSBIWRLUAWIE RUJDQLYV D MRQIHS O H P H Q WSIWR MRYFKAR X INKL V

UHVSRQVLYH DFNQRZO MMGEIMNE FHVMVISOHPHQWBWURQX L HV
VXSSRUWHYB UGV W HPQ GW K DRAS HU D W L R QID@®G V|

JRIH[DPSHEDVHOWKHHHGEDBRRVKSIDUWLFIRIDOWNFWLFLQJ 55— LV D FRPSOH[ DQG WLPH FR

W KIH UR/ XYW X@HD U @ RQ N V KIRIWKSHO D Q QU BQIH [ W

PXWXDB®DUQZRYNVKRSIIJHVWILREEGXWHEXPEHU

RI SUHVHQWDWLRQV EXW LQFUHDVH WKH WLPH IRU GLVFXVVLRQV ZDV WDNHQ

RQ ERDUG E\ WKH IDFLOLWDWRUV L H E\ (85

$ ERXVWIKH DXVIKRW/

'LDR\XHDQ REWDL QKU
GRFWRUBWHUHHQ 6RFLDO
3VI\IFKROBRBULMH YHUVLWHLW
98 $PVWHUGDP LQ

+XE =ZDUWS3URIHVVWRRU
3KLORYV RDS/MMXK BID F X ORAIN
6FLHQFFDGERXB®LYHUVLW\
ILMPHIHQ@DQG VFLHQWLILF
GLUHFWRWKHHQWURU

-Q VKN W D UARHEB W K H 6RFLHW\ DQG WKH /LIH 6FLHQFHV

(UDVPXWKRROD 3KLORVRSK\

(UDVPB8QLYHUYRWWHUGDP 7KHRFXRIKLWYHVHDUWR®

LOQWKHMWRORI PXOWLGLVFLSOLQDU\
SRVWGRFWRIWBOUFKHU
UHVHDUFKXYVRQPHDQLQJ
PDLQWHQDQBEG VRFLDO
LQIOXHQFH

SKLORYVRB RIBADIOLLA/D/X H V
LOQWKHPHUJL@QUNHFLHQFHV

IURP D FRQWLQHQWDO SHUVSHFWLYH
QRWDEGHNQRPLPMQWKHWLF

ELRORJ\ DQG QHXUR VFLHQFH
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*55,3+2676 $*0 $1' 0878%/ /($51,1* 6(66,216 ,1 /,6%21

*55_FRQVRUWHREHWWFHQW®\Y HOR. N & R\CR
SDUW L FILGAD{VBIH R M HSRVQ X/DHOQ H LDDHGH W L §*10
7KH HYHQW ZDV KRVWHG E\ :DY (&

7TKHWZR GBYHQW 0D\ ZDVWKHLUVY®W SHUVRQ
PHHWLQJ WR WDNH SODFH LQ WKH SURMHFW DIWHU WKH NLFENRII PHHWLQJ
LQ -DQXDU\ DW &RUN -UHODQG

7 K HHY H QWVR RIND D PHW K BX VH X6 R2U L H QWWE R Q
3RUWXJDO DQG ZDV GHVLJQHG WR EH D K\EULG HYHQW 7ZR O0XWXDO
/HDUQNV®YVLROWKHORQ: HGQHVGID\ RQH

ZLWKLQ WKH FRQVRUWLXP WR UHIOHFW RQ WKH 5HVSRQVLEOH 5HVHDUFK
~QQRYPWIRPSOHPHQWMBWURERQNHVVLRQ

Z L WAKK URIWM K(8U X Q G BB+R F X VSIGR M HARW&/K D Q J H

SHW®HUHDED XIBOL%UDQLVDQO®RODUDKRYDF
1HZ+R55-]R@LFKULHVV@DHIG18&/(86 3HQQ\
+DZRUDNMKS$OH[DQGHEHDBKWHVVEZR@GHVLIQHG
WRGHOLEHRQWHKHEDUULBQ®/ XFFHVRHE5-

LPSOHPHQWDWLRQ DQG IXWXUH SRVLWLRQLQJ RI 55—

7R UHDG PRUH DERXW WKH GHWDIOVLESIHRWK KYHQOWYV JR WR

3/28&$1 +2676 *(1' (5 (48%/,7<3/%$1
75%$,1,1* 6(66,21

3/2&$1UHFHQRUODQLYWGE DL YHYY WRRFW U H Q JWKH Q
NQRZOHBIE&NLROLWWQGHUXDOE@LWR UG MU HH S
GHYHORISRROHAHPWERQLWRUREBILVYHQG HUXDO L W\
30DQ

7TKAIMOL QL ZADIWFRQEWH@K\EUPBGRQ XQH E\
ODUIGHOD bRSHWOR QD JIB@UWRIBDJID U GIRA\HWDWD Z
ILUP ZLWK H[WHQVLYH H[SHULHQFH LQ (TXDOLW\

7KLWVVLRRVL Q@GH®RVUDWRHPSOR\HRHW KFADLQ
GHYHOR'S FZH QAKH/I D WGRT X D O3OVD Q8 X E ALLGFVW LW X W L |
WKFHRWHRWYVD Q & KHRQVHTXHQGRQ FRP S OAIDMDKE H
DQ (3 'RUSXEOERGLHV DJHQBIDHW H O D WLRW K H
LPSOHPHQW®R DWKERQ WUHTXLUHRKMFWHVYXQRBRSHDQ
5HVHDUFK 'HYHORSPHQW DQG -QQRYDWLRQ IXQ

67588&785(6 ,1 7+( 0$5,1( 80/ : (/&20 (6 678" (176 )520
(19,5210(17 6,0 ( ,925< &2 $67

+RVWE\GVKOMDULQEOLDRBIFLH@RBI7HFKQR PRU\
BFRWOD®EF6WK6H-0( FRQIHUMERISODRE XQH

'U 5XW&DOODRIBZDQVHQLY HUS/UWMAN H QDASHDG H U
HQWLWQUIGF KRN WDIO DV W UW RWXQWL VWDNHKRDGHU
SURMOGFREOH\HDLY HTKHSDSHH/DPLQKRZDGGLQJ

IHDW XAKHFRD @ XS SEULRG LY MRRDWMD ODVWUXFWXUH
FDOLWLIWKBRWRWKRZHOGPDKYVHGVKKDUGHQLQJ

RI FRDVWOLQHVY DQG WKH GHVWUXFWLRQ RI %H\év\%VbJ)?gHKDELWLIJDWHHDFKIHULIR\P\NKEHDWLRQD(

7KH-0( FRQIHUHRFXVRQNKIHPSDRNYUHVHQFHZ QYW BROWMMHF KQRLXKIR XML J QY RERDY W

M B F / X QG MLKBIHJRVW K H
RU UHPRYDO RI PDQ PDGH VWUXFWXUHV RQ Pi&%@ﬁxiﬁ%&w&fm\?\/KDUHKDOOHQDHNQJ

FRDVWGLYHD RS LB RW)KJ D Q BH) GV K HY R U\
&RDVW 0D\ 0D\

$ WRFERIIXUWRRORDEW ER®NZ MHKQHWW X G HQ W
ZDWXEVHTXHQ®DO DQKEE ORF XR/Q UHVLOLHQ
RI EXLOGLQJYV WR FOLPDWH FKDQJH LQ )l
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6: $16(% 81,9(56,7< 35(6(17$7 (&26758&785( &2 1)(5(1&(

$WWKHLQDPRVW U X FW ® UHU HDKELHF K
WRREODFRIQ -XQH LQGXVWU\
VW DN H K RDGHUNGL GXW&D O ODRI D\
6ZDQVS®LY H UV MA H QWKHIEH D\Q G
UHVXOWYV IURP WKH SURMHFW

7KLPRQIHUHPBHNHBGKHERPSOHWLRQ
(FRVWUXFWXWHH \HDQWHUGLVFLSOLQDU\
UH V H DSUFRMSHTFUW | X B\GMHKGK UR SH D
5HILRQBIHORS P BXQWMGW K UR XWK H
~UHODQG &RREMULBBQYRIUDPPH

'U&DOODBDHVHQWDWLRNBHHIOAL Q
DSSOLHG UHVHDUFK FKDOOHQJHV DQG QH[W VWHSV

6&,(17,),& ' $<$71$17(681,9(56,71

TKWDLRRDERUDWRVRHANMDIWWHED /ZHUEHURXJIKW
WRIHWKRGHQWHNVYHDWRIKSURUWSRVHQWXWRUH
FROODERUDWLRQV

TKHFLHOQWIDILIWWDQWSBQLYHUNDWBUHYLRXVO
VXSSRUMHAKD Q ROWKWR S RAY¥XEQ(IQRIDIJHPHQW
XQGHUZDWHU DFRXQWHW HBD WKQ G

$VD UHVXOWKHWW XFKFLHQWDMERXWEOLF
(QIJDJHP D@0/ VERODERUDWRIPLHE® UWQHU VKL
IRD(XURSHDURMHBWKIK QHHYH@W QWURGXFW L
DERSWYRNLBEOMHIFK-QQRYDBLRMBURYLGHG
E\*5E.-3 &M HIVD D J HW--Q G UDIKD S D WWM®IHV VR U
JUDQBRKHRIVRI—80/ JDY B QH[S O D Q DRV IWRKG@I5 —
SROLFGHWHORSBGGEHLQGHYHORSBG 80/
'LVFXVVEZRQWXEVHTX KGBRIBXEQQRIDIHPHQW
)5$1&( 48(%&$1188/ &21)(5(1&( ZLWK D IRFXV RQ FLWL]HQ VFLHQFH
2) 7+( 6($ 3DXOLRXEDWKEDWLFGRQWIRAWK&R O O 19 E WLLH
OHUDQHWZRURRURMKDQ 1*2V VKDEWKNH\
REMHF\WQ®HNR X W S MVRW KZR UN V KRSYD Q IL\DH G
RI' WKH 6HD IURP -XQH  WR -XQH 7ZR3K' VXG H QDAOWR D UW & HRIELM H F I/ Q GIG W DRWU

HQJDJLQJ FLWL]JHQV LQ WKHLU UHVSHFWLYF
6 WD NHKRDGHUIVH Q WLR/ABA/RWHKR XQWGEHMMORSHG

W KWiH V H DUWRFIKG PRISY K)HU D Q # XIH E H-R VW IRIWKKWH 7 K ip W W H QW K HE V F X V WHKGH W FSUR SRVD Q &

6HDQVWLWXW JUDQFH 4X«EHF GH OD OHU gyRY L GHHEG E DIFRN KBIK' VW X G HDQHR | WKNH\
UHFRPPHQG MWMRRI\QJDDRFDAV UDW KHWD Q

&DQDESDHY L RORAOMHIZRUNVKRS DQGDQWHYV £ w | JIH@YK FLUR MR BV V X UDLFRRIQ W L Q Y8IKWD U H

8QLYHURD@KKRRWRIKRVWWEHWHFREBVVERRQ R| PRUH WKDQ \HDUV GXUDWLRQ
WKH¥O0 7KHBULPHLQLVRIHYMHEHR GWKHIHQFK

OLQLVRVIWKEHHGHOLYMIHIBFEKVFIKQGLFIWKHG
KLIJK OHYHO RI VXSSRUW DYDLODEOH IRU WKH LQLWLDWLYH

7KHDFWY FQ U U IRKFR Y HW K 1© D VWY MH D UXH U H
UHYLHZKBDFW L YILQWGXGWHGY V IRRODUWLFLSDWRU\
VFLHQIFQZKLFWZRPXVHXPWRFDW®GDQMH G
AXHEHE&DQDG®HFLGWRS HY HO/R\SU D W R QKIR\Z
VFLHQWD QWD WKEHYHORS RIDOM. W @EMMWK H
SXEOLFEHQ RWH Z RUXVK H V& D RAK VWL H Q W M W\V
RXWKHUHVHDUFWHYHZBIGINVQWKIHVSHFWLYH
PXVHXPV



