$ SODQQHG FROOLVLRQ RI WKUHH FXOW X
VFLHQFH OHDUQHUV WHDFKHUV DQG PI

$SEVWUDFW

7KLV SDSHU UHSRUWY RQ D VHULHV RW URRLICAMVID\S H G L\HR) MHAD URHU DI,
VSHFLDOLVW DXGLHQFH FROOHFWLYHO\HQFRIXQDDW 6/KISLSFRIL\VPH G7K\
FRPPXQLW\ DFWLYLWLHYV FROOHFWLYLVHX GHERXRE FDWDQGVHULYF
DQ DXGLHQFH RI \RXQJ SHRSOH DQGVWR KOS\OR UG D (GG § Bl IOYHFGV DYHIC
SUDFWLFHV FKDUDFWHULVWLF RI 30DNHU &XOWXUH’

‘H SUHVHQW HYLGHQFH WKDW WKH HVWIHFXIQRKHRE) \S O @ KIZDKH W WLR) & A
ODWKHPDWLFV 67(0 DSSURDFKHV DQG NQRIOMIQH LOU R XQRWDLIS § W\
DXGLHQFH

7R DGGUHVV WKHVH VKRUWFRPLQJV WKHHS/UR@HRW D @GWRRGNFIBVL Q
PLFURFRQWUROOHU ERDUG FDOOHG WKH XSRQP S UHKH LIPS RQ JWS U D |
LQ WKH PDNHU FRPPXQLW\ ,FHFUHDPWHUURU :H GPARBPWLEH KRRZPOR
ZH XVH WKH 6KULPS DV D IRXQGDWLRGVRIUQDFFWVYLWOHW Q'WHV B FR/
DOWHUQDWLYH SDWKZD\ WR HQJDJH PAZKQW KD IO\G SLHMWDIORPXBOMIWROQ R X 6\
WKRVH LQ WKH GHSULYHG FRPPXQLW\ RI RRUNHFDPEH ZKHUH ZH OLY

&HQWUDO WR WKH SURJUDP P I YOW i HRRNRAFHSRIQN WYXRKF Y Y LVW OHDU (
SRVLWLYH GHRPLVYKELHY Rl UHJHQHUDWLRQ :H VWDHOHWHRXU DFWL)Y
VFLHQFH IRU WKH LQGLYLGXDO HPSKDWLMLLGED DRWYIUXE DG W L2 W K @
HFRQRPLF DQG VRFLDO FRQWH[W DQG FRPPXQLW\ VHOI VXIILFLHQ]

6KULPSLQJ DLPV WR VWLPXODWH D Q GQS URPFRD/DH L IQMRIYYILVE XP® FRG V
FROODERUDWLYH WUDQVDFWLRQ ZLWKLQPLIQd BRPPXDR WO ® W B FKHY
DFFHVV DQG HQJLQHHULQJ FKDOOHQJHV

QWURGXFWLRQ

,Q WKH GHYHORSHG ZRUOG 6FLHQFH) G HPNXRHPRINL FYJ LT HH UHL@X FO
IDFH D GHPRJUDSKLF DQRPDO\ 7KH QHXYHIBQB UDMFIRIQ LL\QHV WKW H O
LPSRUWDQFH RI 67(0 HQGHDYRXUV 6FKUHIDQHUIDQEL QW VEHG JE\ WKF
VFLHQFH LQ WKH PHGLD DQG WKH WHEY @REBRIHOQ WKHLW SRIENHW
7KH\ DUH FRQILGHQW RI WKHLU SHUWWQRDMLH QEHO G\W V SVURVSHWHR B B QA
LW PD\ EH PRUH FKDOOHQJLQJ WKDQ RWHKHIWIVXEMHRWNY 8 KWHIHQ H
PDMRULW\ RI VWXGHQWY HYHQ WKRVHGUKRS GRKHHPOMDV L\DR RAY OL Q@ XVE Kt
VFKRRO FDUHHU DV WKH\ SRVVLEO\ FDQ D @& H RRKOGCONWLHRID AR QD/ L
FDUHHU 6FKUHLQHU DQG 6MjEHUJ

KDWYV PRUH WKH WUHQG LV ZRUVHQ FRR VOB QL \DNVKYRIK LVAMA K QKROC
*HUW] OHDGV WKH WDEOH ZLWKDVWXIGHQMM GWVEBODOL@ WWHKH
VWXGLHG E\ WKH 5HOHYDQFH RI 6FLHQFRK(GBGXIFDPHNL PQ G5@B{ESURMH



,Q WKHLU ORQJ WHUP VWXG\ 6FKUHLTPHRGBQG $RFEHWL HRXQIELWK B
QRU HQJLQHHUV DUH KHURHV RU DWW U BIRMIUDIVUR QH B RIGHDLM HRW L
6M{EHUJ DQG WKDW LQ *ZHDOWKYX FAWQWR ZIRW NQHDNK WRIR KIQ R
HYHQ ER\V DUH DPELYDOHQW' 6FKUHLQHU DQG 6M{EHUJ

$ UHFHQW *HRORJ\ H[DPLQDWLRQ SDS HH LS WVIKP! BK \DR/NHVQF\I X & HRR/
PLQLQJ LV FKHDSHU WKDQ XQGHUJURXQUGXRLUQEBJWRERS LV D ¥Q P
HQRXJK TXHVWLRQ 7KH EHQHILFLDO HARSRRAIWY RH LAFLKQ G @ O Y\ DUCHTT
LQWHQVH ORQJ WHUP LQYHVWPHQW IRU XQNQRZQ JDLQV DUH VHO

$ VLPLODU TXHVWLRQ VKRXOG EH SUHVHQYWRXOWR BX (B QGHFGRXALDN R U\
VFLHQFH OHDUQHUV WR pVWDUW GLUJWEHILUGHRBG WY WRDNAWQ JWIKFHF
WKBHUVRQDO LQWHUHVW HQJDJEHY HHGW @ Q8 WIXW L Wb E WRRXD DRV L R
SUDFWLFH DQG NQRZOHGJH

2XU FRQWHQWLRQ LV PDLQVWUHDP VFLHQFH WO XKD ®IRUY @QUIHQDW K |
ZURQJ SODFH DQG XVLQJ WKH ZURQJ WRROV

%UDXQG DQG 5HLVV VHHN WR H[SORLQYFERR\ROEXBGEONGY FHD G W E @/LXC
SURJUHVVLYHO\ DFURVV WKH DJH UDQJH RI VIHFIRQUGOXR BHFKR RO L Q J
VWXGHQWY DUH FKRRVLQJ WR VWXG\ VFDH@GHU D W KH\J R BV HIUHYHH @ X
VFKRRO VFLHQFH FRXUVHV

SKDYH WUDGLWLRQDOO\ EHHQ FRQVWUXEWK GV KUHR PR N IF & M/ WELH
GHYHORSHG LQ D ZD\ WKDW LV VHHQ WS IEHD UBQ WIKHO/HPE\DD W K
SUH HPLQHQFH LV JLYHQ WR VFLHQW L IWFWFHRAHHSWWY W IE XA @2Z VW
ZK\ WKH FRQFHSWYV DUH LPSRUWDQW ~ %UDXQG DQG 5HLVYV

7HDFKLQJ VFLHQFH LQ D ZD\ ZKLFK LV 3G HRROLM M [ RV DVOVLX/GIHEQ W, V

H[SHFWDWLRQ RI GHIHUUHG JUDW LRIURD W/IKRIQ D WHK D Q/YRIY MW IGDA ILKCHD
LQ VRPH OLIH FRQWH[W ZKLFK LV UHOHR DAORVKW R HVW K PV )FHRZQV MOHEQH
FDXVHV WKRVH ZKR DUH QRW DOUHDG\ L\DXEHNHIFMWAO W RQGLHHHQ\I\D BitE

7R FRXQWHU WKLV WUHQG ZH DJUHH ZDW BHXY WD RQGWIRQ BDINH. YV Q W
GULYLQJ IRUFH” RI OHDUQLQJ (QFR X QW FUHLLQ/IRQMBLCHI) FARMQL YDRH.IJ
DUJXDEO\ WKH PLVVLQJ SLHFH LQ WUDGLWLRQDO HGXFDWLRQ

‘H EHOLHYH WKDW WRBNKBOYWKNUH RLXWVQHW]RY HW DO :DQ.
FDQ SURYLGH DQ HQYLURQPHQW IRKQWRW R G\HKQRWWL WIRWH & YD KL EG

DUH LQKHUHQWO\ LQWHUHVWLQJ DQGKPRW LWR W EQ D WERXKWWZKKHH M K U D

HQFRXQWHU D ULFK VHDP RI 67(0 WHFKQLTXHY DQG NQRZOHGJH

6KULPSREWLYLWLHY UHYROYH DURXQG D FHQWQ DRULQ Q RYQFW HREQ E C
ORZ FRVW PLFURFRQWUROOHU ERDUG ZK WL G DRQ @XWEK\L OB &\ FSIDQ
GHPRQVWUDWHG WR DFW DV WKH IRXQLGDWLWRDRN PR REUHYLF MAK L M
VSDFH ZLOO HQJDJH DQG HPSRZHU WKRIVM WKR IBRB BIL ¥R Q VYUHINQFIKA
VFLHQFH HGXFDWLRQ

,Q WKLV SDSHU ZH VXPPDULVH WKH HYLGRQPK) G KROFW EIDFIN W KIS BR1
IRUDQ DOWHUQDWLYH SURJUDPPH RI FRPRXQLMX UD¥RHE LW UHWV KR
ZKR DUH LOO VHUYHG E\ WKH FXUUHQW &XRPKDADN\YHWRKG @HOHDQ EIL



ZKLFK ZH VHW RXUVHOYHV WKH VWUDW HURXJIK VQW RDVWWHVWAY Z\KR AR |
DOWHUQDWLYH SDWKZD\ 7KURXJK WKHVDZRUH®D ZHR KREHHWRHEURDGF

6WXGHQW &XOWXUH

KHQ VWXGHQWY DUWLFXODWH WKHLUZGWWXL &M & VYW HFQ\G/ GW\KIHS SH
D ORQJLQJ IRU HIDFWO\ WKRVH DVSHFWVQIKEK R WIDHAWWWUHQUMKR IC
FXOWXUH

6FKUHLQHU DQG 6MREHUJ EHOLHGH LVEKIQWWW \E HL Q G LLQ/V WHK RW
VWXGHQWY 3UHMHFW WKH VXEMHFW  ZKHQY RDW KEHPEDAKVAHY W K H) RG R
ZDQW WR EHORQJ WR WKH PDWKHPGWQR\ WX AW X LPHD WRKH WRWALFW D\

,Q D VXUYH\ HISORULQJ EDUULHUV WR 6QJ0 SIRVIPNH WK EHFRRQG\WI
DOWKRXJK WKH\ DSSUHFLDWH WKH WRRADIQ)ROBQ\LAZRRQRWEL WDWKEW 6
PRGHUQ YDOXHV 6XFK YDOXHV PLJKW EG8 VEQRUYBWORYDWREBRL GU
SHRSOH DQG KHOSLQJ RWKHUV" 6FKUHLQHU DQG 6MREHUJ

7KHVH VHQWLPHQWY DUH VWURQJO\ FR QFRARSOQMW R2 LS\KU B IURH_FSHDQWA
ODNHU PRYHPHQW

30DNHUV ILQG UHVRQDQFH ZLWK PDWHULWIONLDED SAREAB GVK|
FLUFXLW SDWKZD\V DQG FRGH ZKLOHLRIBHS MWUR QIKRPH UMD B
UHVRQDQFH EHWZHHQ WKH JRDO DQG W KN HPDWLHRIQ\D XD WAKPHD WP
KXPDQV ILUVW DQG HIILFLHQF\ DIWHU HKRSOK UMY RQ /K H\ ZZ WK
FUHDWLRQV GLVFXVVLQJ UHFHQWO\ FDWD QV]LL® P MG HIDWHOR R Q
HYHQ HVSHFLDOO\ ZLWK NLQNV VWLOO LQ WKH GHVLJQ ~ 6LOY

7KH YDOXHRUPDWLRQ DWHB KIGRRONRH\WR LQWURGXFLQJ 67(0 VXEMHEW
E\ WKH UHVXOWY VWXGHQW VXUY H\\HUAQN KDW & H7 HFK\Y R\W RWAL R BVRIU
WKDW VWXGHQWY 3GR QRW VHH , &N PIVHBHHQ J K WKDDHOW\RI LA R HE
YHU\ GLIIHUHQW IURP WKDW RI VFLHQFWD W\ H\RPY W DFK® QVIHQUT FRQ
VXJIJHVWLQJ WKDW VFLHQFH WHDFKLQY 1FFRXIM® \ZHQ @ ERKW RWZR VIRHP H
LWVHOI" (7 D

(OHFWURQLFV VHHPV WR UHVRQDWH S DIWHW I FSOODLUDOA Z HIDIOQ JZ H\W K F8Y
DV 3PRUH HQMR\DEOH WKDQ ' 7 LQ JHQHUVWDWLDYG LHR\@KHERAIR\D B G W
VXEMHFW DVRRLOWKHHFKQLTXHY LQYROYHG OHDXQW RH G(RMEFWWLQJV DQ
WDVNV ~ /XQQ RXU LWDOLFV

7KHUH LV D FOHDU OLQN KHUH ZLW D XWKKHRRDWRWWXFWEHAVW FRQFF
WKURXJK ZKLFK 3VWXGHQWY FDQ VHH KFRZRPBWKLIWORIQV LW® VIN. @D QH
WKHLU ZRUOG KHOS>LQJ@ WR PDLQDMMPH\Q HQWHVXVRXO VRO QLWNHH O D
UHDO ZRUOG GHSOR\PHQW OHG E\ WKHR6W XGPSR MHAWWHOYHV L

$Q H[SODQDWLRQ IRU HOHFWURQLFV DIHY WHGEK\F R 1IDZDWKHGWSKH B B
VWXG\ Rl -DSDQHVH VWXGHQWYV 7KH\ | RKFLG QWD VI DUDR/ZZEKRL 8 H I/
VXEMHFW IRU WKHP 3VKRZ GLVWLQFW LPRELOH BKWRQ HVKHD DHFIK O G
UHFHLYH PHVVDJHV  LGHQWLI\LQJ WKHVHVBEW BV FGBIQON LA D FVWRR SQ EN
VXJIJHVWLQJ WKDW 2 uPRELOH SKRQH V\WWE® KN IFNDWQKWHRXY K 1D WR (V@
JLUOV LQ VFLHQFH OHDUQLQJ 2JDZD DQG 6KLPRGH



HDFKHU &XOWXUH

8QIRUWXQDWHO\ VFKRROV LQ JHQHUTURBRK V XH WKNMWI WKIS RUES R
67(0 :KDW DUH WKH %DUULHUV"" W DH GQ¥MAKDRWR R I V(KD UG M HIXIDX
VWXGLHYV ZKHUH VHFRQGDU\ VFKRRO SXSLOVSGNVEYHEBHW KSIPH/G\D Y
LQ WKH NQRZOHGJH WUDQVPLVVLRQ SURHARH/WR LAWK PW VNDQLRO NV
FXUULFXOXP EHLQJ GHVFULEHG DV 3LUWHUOHKIDF-XW. WREBUIH)JZDQ & W
SUHVFULSWLYH" (7 D

2]l FRXUVH WKHUH DUH VRPH H[DPSOHV RI VRRPBXWX@IODPQGWHJIUD
SURWRW\SLQJ LQ VFKRROV ZLWK SRVLWDYPIG BORGBDQED R V¥ KRRIDW\
WR KDYH EHHQ HQJDJHG RQ WKLYV FRXUVH IRDOVWRIKH WLPH .RFLMD(

2QH 8. p(OHFWURQLFV LQ 6FKRROVY LDQWSIDWIQYIH MHWKW & RUCDN R |
WHDFKHU 3LW FDSWXUHV D ORW BH FKKID\GLHWX DW DY NWHVD W RP KIMXIL
ZRUNV <RX FDQ VHH LW LQ WKHLU IDAMKHAK B GF WKRKXLYWH SBOWHBEX
FKLOGUHQ WKDW WKRXJKW WKH\ 2HUWQ QWDRDGEDEOH RI GRLQJ LW’

+RZHYHU HYHQ ZKHUH VWXGHQWY DUHH QYMKXHG WFR HQUDJI FRQWK
FDQ EH SUHYHQWHG IURP GHYHORSLQJ WKXIHIDWR RQ EN IDOIRF RV REL |
RXWFRPHV /XQQ HW DO ZDUQ WK DW SWHRISEKEFU VI WRIF NDL G BI \DL 3 D)1
DFWLYLW\ DUH OLNHO\ WR

" FRQVWUDLQ VWXGHQWVYT VFRSH IRU PDNLQJ GHVLJQ GHFLVLRC
" GHYLVH WDVNV ZKLFK DUH JXDUDQWWHRLWWR ZRUN EXW ODF
" H[HUFLVH D KLJK GHJUHH RI FRQWURO BREHOHPXSDOVVIZRUNDW K

ZKHQ WKH\ GR DULVH WR LGHQWLI\ DQG VROYH WKHP IRU SXSL
" LQVLVW RQ SXSLOV ZRUNLQJ DORQH VWRHHG/KDW WKHLU ZRUN FIL

$V D FRQVHTXHQFH SXSLOV 3H[SHULHQFH IGQGHIQN DG HI PLHX\W W
OHDUQ OLWWOH RI YDOXH"™ /XQQ HW DO

$V FROQWULEXWRUV RXWVLGH WKH VFKRRR ¥WWQOH PE HAR X® YWHKW KUHH D
WDUJHWYVY DQG DVVHVVPHQWY :H FDQ DVVLGWHCHUU@HQW W R KALGE&H
GHVWLQHG WR IDLO EXW ZKLFK JL &R QKHEPR YD O/ REOBIQH SSHHUHLLH Q A
EH DFWLYHO\ HQFRXUDJHG :LOG LGHIDVFO F EQRFOXWVLRIPG WR WKHL

$Q HITHFWLYH VXPPDU\ RI RXU DSSURDFK LVHVKAH WRUPR®WDRYHFRRA
XSWDNH RI SRVW 67(0 VXEMHFWYV

G\QDPLF IXWXULVWLF RULHQWDWHG RXW VELWGLH ¥ FDKR\R B QAVFLRIQ |
DQG KLIJKOLJKW WKH SRVLWLYH YDQWH ¥V CDASDLIVDMMELGR V QD ¥ & HR
VFLHQFH WHFKQRORJ\ HQJLQHHULQJ DQG PDWKHPDWLFV (7

ODNHU &XOWXUH

OHPEHUV RI WKH ODNHU FRPPXQLW\ DUH HI[SRVHBOWREUDLD/ XBIRJRF PD
DQRG P\ULDG RWKHU VXEMHFWYVY HYHU\ GDAHDNVFS\OLWYWWRIHW K HRQJLRQRY E
.D\H 4XHVWLRQV VXFK DV 3:KDW LVXWER EBSDFLWDQ¥HQMHWKH



+RZ FDQ ZH SUHGLFW WKH WUDMHFWRU\ RKRZSPHKW FROAHV"’
GRHV DQ /(" XVH"" +DUL 3: KDWYV WKH RQHMNPKRHGLDP\BWR Q LRFIVE

DQG 3:KDW DUH WKH FRQVWLWXHRW JBDYWG RIRKXPDQ UB BXO B
SUDFWLFDO DVSHFWV RI D VHOI DFWRRQOWLXILWY SWKRAMHEG W. @ K HRJK \E \W
LQWHUHVWYV

$UH ODNHUV LQWHUHVWHG LQ 67(0 VXEMHFWYRRHRWYW K HA K DRAZTQ/ \DD O |
ZD\ ITURP WKH IRFXV Rl WKHLU HITRUWYJ DKUNDOHRQWGE SHRE S B PLQ
WKH\ KDYH VHW WKHPVHOYHV $ORQJ WHQJIZ DN ZINKVH DREIEHHBRRPSHOO

ODNHDVH HQJDJHG LQ WKH SUDFWLFH RI 3VRIGHD¥FHPBERG ZBV RI NQR
DQ SLQWHUDFWLRQ EHWZHHQ VFLHQFH DQ@GFKRRIHWAHURVENFWYV ZK
DV 3SFDVXDOWLHV RI WKH XQILQLVHKH® B\HEZEKWHKDERRN SYGCDARRY VEKHG
GHYHORSLQJ WKH 8. 1DWLRQDO &XUUKEARNP XD BWMNEB O RGP HD ZKC
HGXFDWLRQ SROLF\ DURXQG WKH ZRUOGRI+B @PRX WQ¥ MWKW BVYWD B
7THFKQRORJ\" DQG VXJIJHVWYV WKDW LWV NH BRFNWKM® HEIUH &6 WH WERH K R
UHOHYDQW FRQWHQW IRU VFKRRO VFLHQFH" )HQVKDP

JURP D SHGDJRJLFDO SRLQW RI YLHZ RRIQEXMWFWSROVARQRABSW VQR

% R\OH '"HQLV DQG +XEHUW &N DO &DPDWWBMAD DQG
/HDQH\ %DUDN ZKLFK HPSKDVLVWUW KH W HDH @HYWK H\ 5D A
NQRZOHGJH

BKULPSLQJ DFWLYLWLHV WDNH WKLVUIKV\WWHWY J DR ARQHTDLWHUD
FRQFHSW RI FRIQMYVYRSBRVHG WR\DWOUWUFFWLQ WKHLU PRGHO T
EXLOGLQJ DUWLIDFWV LV D NH\ PHWKRG Rl VIQWKHVLVLQJ NQRZOH

37KH FRUH DUJXPHQW RI FRQVWUXFWLRRHQPWKRHWRDW BSBIRIS@H
VRPHWKLQJ EH LW D VDQGFDVWOH RFWKEHEDRVK RU WKMKHR |
SRZHUIXO LQWHUDFWLRQ EHWZHHQQW MLNLVDLURDQ GHDERWLRQ GV
SRZHUIXO ZKHQ WKH FRQVWUXFWLRQ HIPWSLAMR @B B R WW/Q U WH KWI
YLHZ WKH VXFFHVV RI RQHYV FRQVWUXFWLRQ HIIRUWV IHHGE]
BWHHJ DQG /LQJ

7KH WRXFKSRLQWYV RI ODNHU FXOW XU HV$URIMWFIW @ AU R § JID WRGWERR
WHDFKLQJ LQVWLWXWLRQ &RPPXQLW)\ K HRHEPHRQW WILDONW B S X W D MOLAR ¢
GHPRQVWUDWLQJ 3VKDULQJ QRUPV’ ZLWHK PONB VU [(RUP) RV KSIRXW K FW § |
:DQJ DQG .D\H

'LWK DVSHFWV Rl 3UHVLVWDQFH  2UHSXUSRQGQIFRPBXEKHMOOHQJILQ.
SDUWLFLSDWLRQ " FHQWUDO WR WK Hf¥XIRVXXWS UDQH DVG®G WDRID NH U\
GHYHORSHG WKHLU RZQ OHDUQLQJ UHVR)QUF GBIV RIQ R UPDIU RQ V¥ WH W X
‘H WXUQ WR D FDQRQLFDO H[DPSOH WKH $UGXLQR SODWIRUP

$UGXLQR "HVLIQLQJ IRU "HVLJQHUYV

ODVVLPR %DQ]JL LV D PHPEHU Rl WKH W H D PFUIRIFFRRQ RUWHRIDVOE \E R Bl UG
D WRRO IRU SURWRW\SLQJ QHZ pSWRRGEAWNIQDGE M N U WQ LIGHIV L\Y K/HH |
FKRLFHV PDGH E\ WKH WHDP DV DQ H[S OWLFXMVUZHWEKR QR/UHP Y@ WRIDHF |
PHWKRGV GHVFULEHG DERYH



3, VWDUWHG IROORZLQJ D VXEFRQVFLRWXVHLOQIVRH. @BW, WRWHDF
WDXJKW LQ VFKRRO /DWHU RQ , UZFDWONLVQHIG DW KZDHD QWD V L, PSROX (2
DQG VWDUWHG WR UHPHPEHU VLWWVYQ@HQQQD MRDBQ OEWRKBW /L
EHLQJ WKURZQ DW PH ZLWKRXW DQ\ S&UUDFWLFDO DSSOLFDWLR

OHOOLV HW DO VXPPDULVH WKHLU SURMHFW DV IROORZV

S$UGXLQR DOORZV XVHUV WR FUHDWH ZRUN\WD GH® B PW Q R QR M
RU GHYLFHV WHWKHUHG WR D FRPSXWHRI YW VRUVHBEQWRR @
D EURDG VSHFWUXP RI RXWSXW GHYLFHV WIDXXXRERPFRXQDFDWH
FRPSXWHU RU WDONLQJ RYHU D QHWZRWRW\SLID D WH X GLLVXHH
ZLWKLQ GHVLIJQ HGXFDWLRQV DV D ZD\RRIQFHZP PQ @ HRUDW WQ I M K
GHYLFHV >HQFRXUDJLQJ WKHP@ WR JRLEH\RQGQW® B W RUKDHRD
PDFKLQH LQWHUDFWLYLW\ WKURXJK DWHOXD O0OH CCOH.WL BIQL Q ® W K

,W LV LPSRUWDQW WR DFNQRZOHGJH WBW KRXGH IDPSDRW HRW FAK b BIG
GHVLIQHISMKHERDBERLQJ HOHFWURQLFV ZLWK D IRFXVL®RIQVERPSUHK
H[SHULPHQWDWLRQ DQG LPPHGLDWH UHVXOWYV

SURMHFWY VXFK DV 2RPORXWY{V $5'; NLW EFD,UG DWD VAW D Q V$UGIX B
DQG DGYDQFH WKH LGHDV IXUWKHU SDBNDG UKL ®BHYHW RHYHBIGFRR ¥
WKURXJK VLPSOH H[SHULPHQWY ZKLFK LQWUWGXBH TWKH FH®& RVIR VP E
FRQWURO WKH ZRUOG XVLQJ VSHFLILF FRPSRQHQWYV

7TKHUH LV D KXJH SRWHQWLDO PDUNWWUIRWHIKRDEXLY WY\ VDRI GODQ X
OLNH $UGXLQR LQ WKHLU IUHH WLPHO QRAR WW K PV KANHK H. $5S;,0XIVWS RV ¥
DUH FRQILGHQW RI WKH WKLQJV WKB-MHPDO D FMKHY,& 7Z MVWRIR OWK M/ BIH W(
IXOO DGYDQWDJH DQG DUH KDSS\ WRFDVFHHSW GORWVY QMO DXMLW W KR ¥

*LYHQ DYDLODEOH IXQGLQJ IUHH SXEORF¥USURXGERROQRRHKNBRSV VX
+RZGXLQR VRPHWLPHY WDNH SODFISSRUWUWRURXLIC HIQOFHURLO B
ZLWK $UGXLQR +RZHYHU PDQ\ RI WKH VB/ARHVDKHAKHP SWERQN 1B YUH QEN
GHOHJDWHV WHQG WR EH VHOI VHOHERIHYYN DR QDI OYXBIQG® W K 8 GO HDHA
PDQ\ DUH DOUHDG)\ IDPLOLDU ZLWK B3\ GWLH B 5'$ W IWAKH CHUGHG URH VAKKUHD |
RUJDQLVHUV ZLWK WKH H[SHFWDWQR®A® WRKPMW EQWWHKHVNLIG/ SHR-SRO
DQG XVH WKHLU RZQ ODSWRSV WR FRQWLQXH H[SHULPHQWDWLRQ

7KH HDUO\ SDJHV RI 2RPORXWYV $5'ZQRXROGIE GIPWDLEOVWRDO W/ RVER $U
, QWHIJUDWHG '"HYHORSPHQW (QYLURQPHQMWWQH SBOROHRZMD BIRL H& |
ZKR KDYH D OLWWOH ELW RI SURJUDPPMWQUWHIAKHNOBEARAVOSZ'YLWWH
QHYHUWKHOHVY WKH DVVXPSWLRQV DUH AOHDNUR ZRVHRIR/S X WHH Bl [SLH
LQWHUQHW DFFHVV WR KDYH SXUFKDVHYGHDI) B &'V W MR IK@WW DIDGOP 0!
VRIWZDUH DQG DOUHDG\ KDYH WKH UXBQ BHSUNRFB\GXWD\VOE HJ RRDWR |
QHHGHG WR FRPSUHKHQG WKH PRQROLWIURG RURRUDPY XVHG WR FI

6KULPSLQJ 'HVLJQLQJ IRU $FFHVYV

OLFURFRQWUROOHU KDFNLQJ RIITHUV D YHU\ WG K @ DN XV W RV K 8 JBL
ZLWK 67(0 EHFDXVH RI WKH GLYHUV LR\P\DR QS URQ/GI MW IVH @\S § OLLIFF I YVEL|



ZKLFK LW RSHQV XS +RZHYHU DV ZLWH KLIRIEFWRKRR WHEDWQW K H 23
RQ RIIHU WR JHW LQWR FUHDWLQJ \RXUWKZAQ$IUGW HQ R FRV EVHR BRIGWM U
ERDUG DUH LPSOLFLWO\ WDUJHWLRHUMKBRYH ¥YRRH DOHDG \REMMD E®
\RXQJ SHRSOH DQG DGXOWV LQ GHSUNHHWFOHBDNLOWK ZH ZRXOG

6KULPSAKDIUHY PDQ\ FRPPRQ REMHFWLYHV ZLW R OWKHLPIEGRXIMIRQ SW R/
QRWH WKH FRQWUDVWY /LNH $UGXLQ@RY WKHGCZWDRM HFQG LW R3IIEFRDXUM
D IXQGDPHQWDO DLP EHLQJ WR *HQFRXUG JWMKM FSRIRAVKHAW'\ WIRO @& U\P

+RZHYHU RXU GHVLJQ ZRUN VSHFLOFDQW D WHBEU DWW B VO RZAKORO X/
WR UHDFK WKURXJK ZRUNVKRSSLQJ GLZHMWKOQ REKIFDAFQ D L WB WK C
FRPPXQLW\ EXLOGLQJ LV TXLWH GLITHUHQW

‘H KDYH D VLPLODU IRFXV RQ FRVW DV DK®MGIZDU ARQYR R D ¥V QR W E
SHRSOH DUH KHVLWDQW WR SXUFK® \NH H%/L Q/JORE LIQIDE EVWW VL E & W MR
SHRSOH )XUWKHU LI WKH ERDUG WVXMHSARYL RH WSKHRPS OFHH R RQ Q JQWR
KDYH WR GLVDVVHPEOH RQH ZRUN WR E X L4RZ NWBHILUQRBIANG DOHO O LV
YROXQWHHU SURMHFW ZLWK QR IXQQK® E HUWW LRQ JF WIRO BRIHND ZLQWK [DE
ORZ LQFRPHV (YHQ WKH FRVW RI D KHVEROLWGE XRVSWDRKAHELWLYH LQ

2XU ZRUN LV PRUH FORVHO\ PRGHOOHG XSR@RMR/MKIH[WUD FXUULFX
5XL] GHO 6RODU 6LSLWDNLDW D@HU %L VoD DL I KRG XOLHD
HOHFWURQLFV DQG URERWLFV LQ GLVD GLYQPXQ WELH®EGF B UMHDR/K @ R OFRDIW
HQJLQHHULQJ DQG PDWK DFWLYLWLHY ZKR GOYHUQDWRR®YDAKLFK D
FRVW PXOWL SXUSRVH HDV\ WR DVVHPEGHHORBWHIRQLFR BB XVHC
LQH[SHQVLYH RIl WKH VKHOI VHQVRUV DQ® \W RGN % ®EWY R® LRD W H L

/ILNH WKHVH SURMHFWYV LQ RUGHU WR WBDBHKWHDXGUH@HCWR ER Z¢
GUDVWLFDOO\ FKDQJH WKH PRGHO RI DFFHVN HBRIFS\DURE FWR NH[W VYV
ZRUNVKRSSLQJ DSSURDFKHV ,Q SDUWLFXODU ZH QHHG WR

» SURYLGH ODSWRSV DQG GHVNWRSV |RUJDAR® BOQYMN\FUSDQWWYFWH
DQG ZULWH FRGH JXDUDQWHHLQJ WEBDMW R\K R QHHZ QK IFRARW |&T
" UDGLFDOO\ UHGXFH WKH FRVW RI PLFURFR@WWRO®RU ERDUGYV
SDUWLFLSDQWY FDQ WDNH H[SHULPHQWWH RPH DRFN IG\M TR HV
" LQFUHPHQWDOO\ LQWURGXFH WKH FROWE. WBHGRXDURI WRQRDR
DOLHQDWLQJ SDUWLFLSDQWYV ZLWK LQFRREUHKHR@QWER® FRPS
» UHGXFH FRQVWUDLQWY RQ GHVLJQ GL USIHUWLR@DWY RUWE® H YROLQ@AHP

‘H EHOLHYH LW LV SRVVLEOH WR IFE&DHWHRD @OYRIOW & WWHH W R IQM@AVS |
ZLWK QR RXWVLGH IXQGLQJ EXLOGWXHREEA HPDW & @& HR/S B Q UMHRDXGAFRI XDV
FRPPXQLWLHYVY DQG ZH KDYH EHJXQ WR SURYH LW LQ SUDFWLFH

SURJUDPPH ,&7 S HVRXUFHYV

7KIBKULPSRRRPXQLW\ 6KULPSLQJ,W LV FHQW U HE WV RRWIFANP E
KRVWHG/ DM ULPSIDQG ZLWK WKH #6KULPSLQJ,W WZLWWHU DFFRXQW
SUHVHQFH
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Shrimping It

Makers of Morecambe

THE SHRIMP LAPTOP SHRIMPING WORKSHOPS CONTACT

The Shrimp

The Shrimp is a Arduino-compatible, handmade
cirenit you can use to create your own digital
inventions, which costs just £1.40 in components
when bought in volume, (£3.05 including USB

connectivity).

It has been designed specifically for
workshopping with Morecambe makers, but is
already popular and influential in the wider
community. Shrimps are already being used by
experimenters as far away as Preston and

Liverpool! Next stop Manchester &

Project Tweets

= @Madlab your gift just keeps on
giving! If we loan out
breadhoards+CP2102s. Arduino-
compatible #Shrimp now costs £1.40
shrimping.it 21 hours ago

» Arduino-compatible #Shrimp; £1.40

plus batteries,

lume excl.
hours ago
= @ManchesterBudo what number of

kits do you need to start

@Shrimpinglt in the classroom?
‘We hope to get more components in volume soon. In the meantime to source 1day ago

your own components, take a look at the recipe page. = RT @Monsonite: @cymplecy @cefn

The shrimp - A bit like the DIY

Matthew Ellis

YJLIXUH "HE DQG 6RFLDO OHGLD UHVRXWFHWQ I @ WVREERWW RI
$V D PHDQV RI SURYLGLQJ HQWU\ OHYHG IFRW 8 X Wi QD WIRRID \G RRIWD W |
ODSWRSV RU DOO LQ RQHV IURP ORERR D@8 LYIIBXDON D QWK H QW W D\
W\SLFDOO\ WR PHHW WKH QHHGV RI LQF U HIDVLFURW RJMV ROQERYZ ¥ X Q.

'KHQ ZH UHFHLYH KDUGZDUH LW LV |LQWWD\OHF BUGIONK IMSHHLG K W YAHKL
OLQX[ EDVHG RQ 8EXQWX DQG WK B YOIUIKGFZHQ WKW (Z LZXGERE LBULQJV
ROGHU PDFKLQHV EDFN WR OLIH 7KH FRPRXQILQVWKRYUWRPIDEHKGRBD
YDULRXV DJHV DQG VWDWHV RI UHSDLU

&8 Accessories
Electronics
) Games

Y| @ Internet
b ™ Office

—————=== Ef] Sound & Video
& Universal Access
2 System Tools
|%| Preferences
Run
» Logout

K% & T L=

B\
&ROOHFWHG ODSWRSV WERISQOWRWUBM I 6J HVER & QML JAKLW KDk
DYDLODEOH DV D VWXGLR UHVRXUFH DW ZRUNVKRSV

Y)LIXUH



'RQDWHG PDFKLQHY DUH PDGH DYDLODENMWHKRRVS BUWRYEGEDHAQ WM B XL
&KURPLXP EURZVHU DQG WKH $UGXLQR ,'( IRDVPDFRJIRFR @ WQIRRX®H U
IRU OHDUQHUV WR EH DEOH WR H[SORKIGH B KRIWZ BUR W R WGESIRI G2H
LOQWHUDFWLYH EHKDYLRXUV LQFOXGH BKRIJUDP@L YH[D/QHEGWWRU IR
URFHVVLQJ HGLWRU IRU OXOWLPHGLD -DYD SURJUDPPLQJ

6R IDU WHQ PDFKLQHV KDYH EHHQ E URLXSIHK@WIVQREGL WG RSXYVH 31

DUH HOLJLEOH IRU D ORQJ WHUP ORKOHA RDDQ WWXGE LIRR® B SWHR & ZEWHE
EURZVLQJ DQG SURWRW\SLQJ $W WK ISHWHW R QWK W XA DIH ® IRRL W Q\

URJUDPPH 7KH 6KULPS OLFURFRQWUROOHU %RDUG

$V DQ DOWHUQDWLYH WR WKH XVH RIU$R B IGHR ERD URSY DDHS$HBEXQ R
FRPSDWLEOH FLUFXLW NQRZQ DV WKH G6KHUQWS RKLFKHFRVIWRHOHVV

J)LIXUH 7KH 6KULPS FLUFXLW D ORZ RRVSLQUGBIXMQR FRPS|
VKRZQ KHUH LQ EUHDGERDUG DQG VWULSERDUG YHU"

J)LIXUH VKRZV KRZ HDV\ LW LV IRU H[S U IBKHQ WS BV RWRRWUDHK VLW
FRPSOHWHG RQ D VROGHUOHVYV EUHDGEKRDBUG@ROIGRIZY G F EWRH WVR
VWULSERDUG VKRZQ LQ EURZQ )DPLOUBGUSVRYWRWNRISOIHDAYLGV K FERK
WKH LPSOLFLW NQRZOHGJH DERXW KRUWRWVHBNQDN\UGRZW R WIKHD P L\E

$Q $UGXLQR LV HVVHQWLDOO\ D WKLQFAUDBRBXNQ QR WKWHRIIOFASLYH H
3 OLFURFRQWUROOHU DQG D 86% WR 8$5 6 HKILGR D@ WKRELEAL VW
RZQ KRPHEUHZ FLUFXLWV IRU XVLQJ WKH PLFWRFRQWUROOHU GLUF
%RDN 2RPORXW 'H KDYH G UD ZQ IRITGW.KQHWH BIZWSLHRUL\P HQ W V
WR ILQG D QHZ FRPSURPLVH GHVLJQ ZKLFRKVVXILQW H[WKRRWO\ ORZ
FRPSURPLVLQJ FRPSDWLELOLW\ ZLWK WKBAKHBE SURRVRWRILED VIR V
WUDQVODWH SLQ QXPEHULQJV WR WRRPPROLAMQWZIR GV X \KWE LKA L
UHIHUHQFH 3SLQPDSSLQJ"  IURP DUGXLQRW B RKRIZEOHQWR JXROD R ZP N
LQVWUXFWLRQV IRU DQ\ $UGXLQR SURMHFW XVLQJ D 6KULPS



Arduino function — — Arduine function

reset (PCINT14/RESET) PC&] z80] PC5 (ADCS/SCL/PCINT13)
t 0 (RX) (PCINT168/MRXD) PDO ] 1 PC4 (ADC4/SDA/PCINT12)

V1 (TX) (PCINT17/TXD) PD1 [} sl PC3 (ADC3/PCINT 1)

in 2 (PCINT18/INTQ) PD2[}+ 2511 PC2 (ADC2/PCINT10)

13 (PWM)  (PCINT18/0C2B/INT1) PD3[]s [1PC1 (ADC1/PCINTSG)

log input 5

]
[
~

nput 4

(3]
A3
&

o
N

figital pin 4 (PCINT20/XCK/TO) PD4 []s 23] PCO (ADCO/PCINTS)
vceyr 22l 1 GND
GND GND s 211]] AREF
crystal (PCINTE/XTAL1/TOSC1) PB6 ]2 200 ] AVCC
Y

)

crystal (PCINT7/XTAL2/TOSC2) PBT ]
digital pin 5 (PWM) (PCINT21/QOCOB/T1) PD5 ]
16 (PWM)  (PCINT22/OCOA/AIND) PD6 ]

/ (PCINT23/AINT) PD7 ]2
in 8 (PCINTO/CLKO/CP1) PBO]

5|1 PB5 (SCK/PCINTS)
sf71 PB4 (MISO/PCINT4) fig
1 PB3 (MOSI/OC2A/PCINTI) digital pin 11(PWM)
1 PB2 (SSIOC1BPCINTZ)  digital pin 10 (P\

5] PB1 (OC1A/PCINT 1) digital pin 9

&

[~
=

@
o

Y
tn

J)LIXUH 7TKH $SUGXLQR WR $70(*$ SDOWHBYINYJ BNEG L QIRHS

KLOVW DQ $UGXLQR FRVWYV DURXQG ERQWUWRRKBDHBU RWXHWV3REZIQFBR
VRXUFHG IRU DURXQG ... 7TKH 6KULPS XOHWPBLYWIKQG KF KW IDSYHDU. OBF
ODUJH YROXPHV IRU DURXQG .. 'H KPYH VESHREUWK B JEPDRIPS RIQGH
WR FUHDWH D VWDEOH IUDPHZRUN |IRURZ PPDNWMKWRLD SVRWB WD\ SA KUIL Fr<
DVVXPLQJ D ODUJH YROXPH SXUFKDVH LYW ERMORWY\ DIHDIGE QD WEGRRI
WKDQ RQH WHQWK RI WKH UHWDLO FRVW IRU D W\SLFDO $UGXLQR

$70(*$ 38

[ S) &DSDFLWRU [ Q) &D$DFLWRU (DFK
[ —) &DSDFLWRU [ .Y 5HV[LVWRU
[ 1 'LRGH

0+] 4XDUW] &U\VWDO

PP TDFWLOH 6ZLWFK

PP 5HG /('

9DULRXV &RORUHG :LUH

7TRWDO

7TDEOH %LOO RI PDWHULDOV IRU WKH 6KULPS ORZ
$UGXLQR FRPSDWLEOH SURWRW\SLQJ ERDUG

8QOLNH WKH $UGXLQR WKH 6KULPREQUFAWRBHY7TORRDYRABWXGEH
FKLS UHTXLUHG WR FRPPXQLFDWH WRHAKRE BURURPREWGE RRO HY HZE
WKH GHYLFH LV EHLQJ XVHG DV D VOO H+t B HBF URAHVNYWWRDNKKG XM RVE

PLFURFRQWUROOHUV RIWHQ XVH D PRGXOM EWD WK RBQ GXKLH R DPR V)W
DURXQG

7R DGGUHVV WKLV LVVXH ZH KDYH VRXM G DVR BGWHDGQDBWHH V)
IURP &KLQD EDVHG RQ WKH &3 FKLSNHMW GZRREK QM V&RZOXDW WK
7KHVH PRGXOHV DUH DYDLODEOH IRUQM SWIRFFH.GH .D PHDQ W RO SRHE H
SURJUDPPLQJ DQG VHQGLQJ 6HULDO FRPPXQLEWD\§RRWQ YV XQR IDQ I KWR



EDWWHULHY &RPELQHG WRJIJHWKHU WRMW K300\ HIXL 8 R QHRBNLW R D'
$UGXLQR ERDUG IRU PRVW SURWRW\SLQJ BXVBRRWNUDW D FRPELQ

$V SDUW RI RXU DFFHVVLEOH WHFKQRORJ\ ZRDEMEBRBR SEBUWLFRSX
D UHWXUQDEOH GHSRVLW RI ... 7KLVJIJPSIDRWRWASLED® EE SUYRGUGT
WKHQ UHWXUQHG LI QHFHVVDU\ WR VDYNXS3GRRWE QB DGERVDBW P
GRQDWHG E\ D ORFDO HOHFWURQLFV WXEISO&R UD UD QHR QR IXPH @ K X
UHWXUQHG ZKLFK ZH WDNH DV D YHU\ JRRG VLJQ

SURJUDPPH O6KULPSLQJ :RUNVKRSV

7R KHOS ZLWK GLVVHPLOQDWLRQ RI WKLVFBRQR®ILUFOD@OBRFEHV R IJWW B B MWQ
ZRUNHG ZLWK H[SHUWYV DW WKH $UGXLQR IRWRP FROGHL.GMH )WHKKE U7
HISHUWLVH LQWR VWDQGDUGLVHG FLUFIXQI VHOVRKWAH KW L) HE/KUOLVE
SURMHFW LV RXWOLQHG EHORZ 7KHKKGHOJIDD MHMKRZIFHY )RU FRIQH
WKH FLUFXLWYV GXULQJ ZRUNVKRSV

7KH PLQLPDO p(QGDQJHUHG 6KULPSY DQIBUHIURWHEEHG IBRKW ERSID B
SURWRW\SLQJ H(QGDQJHUHGYT LV D RQP YO(HWDEOKLM Z IGLKRWOS § ¢
ZKLOVW p3URWHFWHGY LV LV DEOH WR UHWR® W DW H PZARHUD WK WXSIR B R
VXSSO\ H[SHULHQFHV FKDQJHV LQ ORDG D@ MIKHRRW UIFDWWKIMW HFS G U
ZDONLQJ DFURVV D VIQWKHWLF FDUSHW

7KH py9DPSLUH 6KULPSY DQG p&DPHO 6KBERPYGDDRAG/RQEHQIEE R QRW
GHSOR\HG SURMHFWY WKH ILUVW GUDZLQIADWLEBRXHUU PR G KRRIM
ODSWRS ZKLOVW WKH VHFRQG KDV DI\VLMO/I RRQWDLQHG SRZHU VXS

(o

ATMEGA328 L BESISS ATMEGA3Z}

:

]‘n AAA Battery !
L
|V
|- Asemieq yyy \”J

- Aasmeg yyvy

(QGDQJHUHG |6 KIUWPBHFWHG| 6 KMDLPSLUH 6 KULP&EDPHO 6KULPS

)LIXUH 6WDJHV RI SURJUHVVLRQ IRU D SURWRW\SH E
WKH 6KULPS PLFURFRQWUROOHU FLUFXLW



(DFK RI WKHVH FLUFXLWV FDQ EH FRQVWHXAHWHGSZIDWF KMLE D H:\RW MAKE
DWWHQGHHY RI FRXUVH WDNH D JRRIGUGHIDWF RIRWY J B bl DR ER P DOHRW
DERXW WKH SULQFLSOHV RI EUHDGERQHQGW VVWKHGRRM KW VWER  FRA

‘H KDYH QRZ FRPSOHWHG 6KULPS EXLOBGRQN VKRSUREQOFMM. R G U DWW
1RUWK Rl (QJODQG DORQJVLGH D FD® 8DIOI® R | GBLWH\HHPQWDWLRQ \D E
SRWHQWLDO IRU WKH 6KULPS GHVLJQ@®WBBHVXRHG7 E0 WRIDEKLNVQIV T
KDV OHG WR D VHULHV RI XQVWUXFW OIEHRG D @ WRIQW IZH IWK DOICRF RQ J B |
HGXFDWRUV IURP /LYHUSRRO DQG O0DQFK® WKHUQRUWKH VRXWK WR

$ WRWDO RI DSSUR[LPDWHO\ 6KULPBE VKDY HVEHHID HI BWW UR HRW H (
OHDYLQJ XV ZLWK QR NLWV UHPDLQLQJ BM W ZRVM LSOHE/ MERWVDYW |
GHPDQG

(YHQ PRUH KDYH KDG KDQGV RQ H[SHULPRLFQI M KWHK ENXY DBH\D J2RKU S
JUHDWHVW HQJDJHPHQW KDV FRPH IURP RWHLDYAK E®D S D R RRWNDWM RRQ\D
XQGHUZD\ ZLWK PRUH WKDQ GLIIHUHQD \FOHDWWUBRRY ZDQ@& RIQ W W
DOO P\ FODVVHV \HVWHUGD\] 6XSSO\ UHIRWLRQWHKE SVRDKHORXD O
HQWKXVLDVWYV JHW KROG RI VXIILFAH @DYMLYRZDRW ERVW G , DRPSRWY E
DQ DGGLWLRQDO XQLWYV WR WHVV0IMZK A® BAHWU R RPRRODWEHI ROV
WKHP DYDLODEOH PRUH ZLGHO\

J)LIXUH 9DULRXV ZRUNVKRSVY DQG SUHVHQWDWLROQ\
ORUHFDPEH DQG DURXQG WKH 1RUWK RI (QJODQG

2XU FRPPXQLW\ HQJDJHPHQW KDV UDQJHG IURPFDPQ 6RXUFH HQW]
WKURXJK WKH XSF\FOLQJ OHQGU FRPPXQLWURXISQGEHDVSEHU&T VDHPD

DQG WHFKQRORJ\ SXEOLVKHUV +RGEBMLJQ ARQEH SVWHDQE G/ XVKH
PDWHULDOV

+DYLQJ URDG WHVWHG WKH FRQFHSW ZHWKDMQ VOKRXVEBYX\WY D 8 UH G
ZRUNVKRSV LQ RXU ORFDO FRPPXQLW\ DOR@WIPKARUWKH 3DWKKERU
DLPV WR LPSURYH WHFKQRORJ\ DFFHVV IRU BWFRHONMWL Q QK 8 L GV
Rl ORUHFDPEH



SURJUDPPH 3URJUDPPLQJ QWURGXFWLRQ

7R KHOS XVHUV LQ WKHLU ILUVW HQFRXQUQYWH DL WWKLS HRUKBDE O LIAIR
LV HPSOR\HG ZKLFK DYRLGV WKH QHHIGF IRRGHQBEGIRFNWD Q GOQUWP RQH

7R LOOXVWUDWH WKLV ZH FDQ ORRIN DOH WRIEG HF @BV ¥ KFL M %LMWU Y B
DV D VLPSOH LQWURGXFWRU\ H[DPSOH IRH QU HQ G(X IDONRWOWHKBING W/
$UGXLQRYV SLQ WR WRJJOH EHWZHBQJKW+ROLRQ¥FHRQ® \DHFR QG

% — O Gnoduino

v + Bt * o

*Blink.ino =

void setup() {
pinMode(13, OL&TPUT);
}

void loop() {
digitalWrite(13, HIGH);
delay(1000);
digitalWrite(13, LOW);
delay(1000);

}

Lné, Col 26
/ILVWLQJ 7KH %OLQN LQR H[DPSOH®MNHMWBRPR GKUVWULEXWHDC

7R D FRPSXWHU VFLHQWLVW WKLV FRGHPSURY LGGIE PQNHYF B H G ILER
VHQVH %\ FROQYHQWLRQ DQ\ VWHSV\GHWX®HG LHJ HF XX\GHFGVRR Q \FR QK
ZKLOVW WKH VWHSV LOQRR SXQHF WHBSG FWBGHRX HU DQG RYHU DJDLQ

7KH VLQJOHWNWXSR@LIXUHY SLQ WR EH DQ R>ORFSWN XK IRXU V
RQ WKH /(' ZDLW IRU D VHFRQG FRRGQ DWW RIK HDDUWSIHRWD L\DHV H T X |
+RZHYHU WR D QRYLFH D YHU\ ODUJH QX PEHR RV ERRE B8 5 WV WKR/GV
RUGHU WR UHODWH WKH FRGH WR WKKHQ EIH KX 8 HRIXIUF L Q O @ PW K$ QW KoR
FDQ UHDG WKLV FRGH VRPHZKDW LQWXHW®WYMNOH[BHRUZ P H\G W FRG ) H
KDYH WRWDO FRPPDQG RI HYHU\ SURJUDPPLQJ GHWDLO WKH\ XVH

(YHQ WKH | LYORIVBDZRE W KH TXHVWLRQ HZK\ LV LW DMICHBRE SFOHY RSHQ
WRSLF DERXW IXQFWLRQ GHILQLWURQY VERWWOQ WD ®RX HF\R QROHES B/R/L ]
IRUFHG XSRQ WKH UHDGHU IURP M XV WR®DIOR/DWRG WIEHWWRIQE LV UR>
NH\ZRIXQFWLRQDO SURJUDPPLQI @EWIKRWYL G & | AQEWWMIHQW V\QWD |
FRGH EORFINWHQFHG DUJXPHQWYV

SHUKDSV ZRUVH WKH RQO\ ZD\ WKDW D QRJY ERR SWHRKNQPPRIQ RDDQ
RI WKHVH DVSHFWV LV WR XSORDG ®OKRRPSO HWLF K RHEH DE VWD QW MM



FRQFHSWYV VLPXOWDQHRXVO\ DQG VHH HTXKMQ ®/FON W KK D W MK M[IS|
OLPLWHG WR FRS\LQJ ZKROH SURJUD PYJ ZEALMRAGH O\ [EQ JR WKIHQJY SDQ @/
PDNHV LW H[WUHPHO\ GLIILFXOW WR F URZIQNSURHWNHIRAN B HEHLKIMWL RO
HOVH PD\ KDYH VKDUHG FRGH IRU D VXIILFLHQWO\ VLPLODU EHKDY

2XU WHDFKLQJ DSSURDFK IRU QRYLFH SURVEDRHEURQ WKHWVGEGLRH
S\WKRQ OLEUDU\ DQG ILUPZDUH S\ILUPDWPDLURDWPHPDWDPDWIDQG 6
ZKLFK DOORZV WKH PLFURFRQWUROOHUSWR SEHR QHPWRWHS FIRW W UR IORC

6XFK DQ DSSURDFK LV PLUURUHG LQ 5LFKOURBNHHFW DOIW\ ZHUHKWHQV
DWWHPSWLQJ WR UHVROYH WKH IRO GKRZQ) OWHIDWKX PV BKIREHK BKPRELQ U

" $OPRVW DOO FRQYHQWLRQDO ODQJXD\BY HT XOL OB WMAX IBRHRO\

PDWHULDO EHIRUH WKH\ FDQ EHJLQ ZQ MKIHQV LIPG® K\VG HRU \SW R

" BWXGHQWYV ZLWK QR EDFNJURXQG LQ S WRY S B BMLQIN LEHW\ WMDY VI

FU\SWLF QDPLQJ FRQYHQWLRQV XVHG LQ ZULWWHQ SURJUDPP
5LFKDUGVY HW DO

7KH\ FODLP WKDW WKHLU VXFFHVV LQ WHD RO\ KRURWMKLRFPQRWERK
EXLOGLQJ IURP RQH WKLQJ WR WKHPQBLV8 X OURPLRRP WRLD®W H GQ D WF
LQWHUDFWLRQ IURP FRQFUHWH DFWLYLWLMWWRDBURJUDPPLQJ FR

SDUWLFLSDQWY DUH WROG ZH KDYH o6W BRINRZD/MI XKVRW RVIKHP BW U LP
‘H GHPRQVWUDWH WKLV E\ LVVXLQJ VLQJOMKWHHOD FRWRVWDIQQWE&H-BRP
ODQJXDJH XVLQJ DQ LQWHUDFWLYH DRQWKHHWSU HWDHQUSRY R X DV WK

,Q WKLV ZD\ ZH LQWHUDFWLYHO\ LQW R @G DIQEX 0 B PRROAMSHWH L
RU OHVV WKLW VOIXHHQWKHSHY H[SUHVVLRQV QDPHVWQ®RBRBEOHV \
ZKLFK ILQDOO\ SURYLGHY HQRXJK N\ EE®B &URXWR O XYW K RIIQW R ¥ QU\C
VWDWHPHQW LQ WXUQ DQG LQ LVROTRQURQP S\KIWL UFX © B @ WY WIUHG D
LQGLYLGXDO VWHSY DQG REVHUYLQJ LPPHGLDWH HIIHFWYV

$Q H[DPSOH VHVVLRQ IURP RQH RI RXU ZRUNRMW R DQ GVGLHVIFXN\E WD R/
EHORZ 21 FRXUVH LW LV KDUG WR UB MLIRIDWHH WK KV QQVHRQB WY FU }
7KH UHDGHU VKRXOG QRWH WKDW \HHD[SIO DILQHGWG MG QN W RQIE [EYOLDGXM
H[HFXWHG WKH\ RIWHQ KDYH LPPHGLDW H 10 @& Q/H. \BLLEHORH BYR ®@VEH T X H C
VLQJOH FRPPDQG VRPHWLPHY IROORZHG E\ WNVSRQK/RXMW WRECHW K H
7KH VHTXHQFH LV GHPRQVWUDWHG DWGW EHMD® GW RRM HFRAFR B O 2 VW KX
XVLQJ WKHLU RZQ FRPSXWHU WHUPLQDDFREQRE VKK LPE. QYRLSORR QD
H[SHULPHQW ZLWK WKHLU RZQ YDULDWLRQV RQ WKH FRPPDQGV ZH



— o cefn@cefn-precise-dell: ~
'Shrimp’

+HUH ZH LQWURGXFH YDO
DQG W\SHV

,QLWLDOO\ WKH FRPSXWH
WH[W DQG QXPEGKUYPOR GV

SURYLGHG VKRZLQJ WK
WKHP 7KHQ ZH LQWURGX
VKRZLQJ LW FDQ GR DULW
YDOXHV

‘H VKRZ KRZ RQH RU PRUH}
EH VWRUHG ZLWK D KXPDR*
IRU RXU FRQYHQLHQFH :H
UHWULHYLQJ D QDPHG YD

oOXIHQ

% — 0 cefn@cefn-precise-dell: ~
from pyfirmata import Arduino
shrimp = Arduino('/dev/ttyusBe')
led = shrimp.digital[13]

led.write(HIGH)
led.write(LOW)
from time import
sleep(1)
sleep(2)
sleep(2*2)
sleep(0)
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® - 0 cefn@cefn-precise-dell: ~
>>> def flash():

P led.write(HIGH)
sleep(1)
led.write(LOW)
sleep(1)

>>> flash()
>>> while True:
flash()

V+RXUH BRI FRPSOH[ VW
DOWHMRGXFHG D IXQFWLHF
FRPELQLQJ SULQFLSOHYV
WKH SDUWLFLSDQWYV WKH
RDG WKH $UGXLQR

| RH) BIOH.MXAW H RBKLY IXQFWL
VIMVKDW WKH OLJKW EOLQN
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é PRQVWUDWHG LQGLYL(Q

QRWLERBBLYHWHRD FwLYH
WV DVN TXH
¥o oLQHV,
WKHLU T

H
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UXFWXUH LV
Q GHILQLWL
DOUHDG\ SUF
PVHOYHV

RQ RQFH VK
RQFH

LQWURGXFI
EHKDYLRXU |
ZKHUH WKH
DIJDLQ IRUHY

DLQN VNHWF
RJUDP KDV |
XDOO\

VHVVLRQ D
WLRQV LW\
RI FRGH ZKlI
XHVWLRQV

QFUHWH DQ

7TDEOH

$ W\SLFDO ZRUNVKRSSLQJ VHTXHQFH WR WH
SURJUDPPLQJ FRQFHSWYV XVLQJ WKH 6KULPS

LWK D ILQDO IORXULVK ZH UHYHD O VWDKDMRD 6 RGH WK K DYH LQMWEKU C
DQRG REVHUYHG FDQ EH SXW LQWR D UROWHY R H/QK-HI\ FID/QKEM HL Q F & W I
SURJUDP ZKLFK FUHDWHY D EHKDYLRKOLW K DS RZRHN ¥ DOIQW | RKAHR @ V'V W



IURP S\ILUPDWD LPSRUW $UGXLQR
IURP WLPH LPSRUW VOHHS

VKULPS $UGXLQR p GHY WW\86% T
OHG VKULPS GLJLWDO> @

GHI IODVK
OHG ZULWH
VOHHS
OHG ZULWH
VOHHS

ZKLOH 7UXH
IODVK

ILVWLQJ 7KH 3\) LUPDWD FRGH HTXLYDOHQW WR WKH
GHPRQVWUDWLRQ VNHWFK ZKLFK ZDV VKRZQ LQ /LVW|

'H FDQ UXQ WKLV VWRUH G \SWKRQ ED EQAKESIKQEHPRQVWUDWHY WKH
EHKDYLRXU

7KLV LV RXU ILQDO VWHS EHIRUH LQX\OUR GXNEXQ D B DY VIDIQFG SADKGHV N [ DVF
%OLQN VNHWFK %OLQN LQR FDQ EH LQWKR G/)OPHHGEMHK DYZBRX R | DM S U
%OLQN S\ EXW XVLQJ WKH ODQJXWFR X WQFRR &/ HR  WRXWER PLFURF
GLUHFWO\

7KLV VHTXHQFH DOVR DOORZV XV WR G L WA V6 WK IHP 5 COYEDAHN Y RHWY XR
EHKDYLRXU RQ LWYTV RZQ ZLWKRKWIDFOD BWR% DWWNFE GG OD FE& QWA
LQ LWV RZQ ULJKW :H VHH WKLV DV GLVFGRNXOOG\ IURPHW WH & W B G &
DGRSWHG DV SDUW RI $UGXLQR OHDUQLQJ

SURJUDPPH ([SHULPHQWYV LWV DQG /DSWRS 6KULPSLQJ

2QFH SDUWLFLSDQWY KDYH EHHQ JXLFH.GV WIKQ ® XIIKY E XERFERIDQ GVK H
SURJUDPPLQJ FRQFHSWV WKH\ VKRXOGFEHOWLD B RVIX\WYERQ R\ Q35 ¢
EDVHG DURXQG WKHLU 6KULPS

JRU WKRVH ZKR DUH QRW \HW UHDG\ WK HPIEDYM R |RQKB MJRRVDO ON K H
ZRUNVKRS IRUPDW SURYLGHYV DW OHDVW JWXWOHAANVVIH A LZ LRAUKP VAKX K R X
GHVLIJQLQJ SURWRW\SLQJ DQG GRZQVWUHDPLQJ SURFHVYV

6KULPS ([SHULPHQWV

$V PHQWLRQHG HDUOLHU WKH $5'; H[S HUG FFHRGW HOWLMWIXLIGH DRI GH U \
H[SODQDWLRQV IRU YDULRXV SK\VLFDO FRPGXWQQGJIFIR[GSWURPHQWYY \
ZRUOG 7KLV LV FRPSOHPHQWHG E\ W KKW\VHDI)FEDVN LU H\KRRKFHV R
SURYLGH DGGLWLRQDO H[SHULPHQWYV \GLALUQDPY\ DIPGOHYIGBRDWLE
/IDVWO\ WKH ZLGHU $UGXLQR FRPPXQLWQ®HRQLHIM W PRRIXUR H D ZALVD
LQGLYLGXDOV GRFXPHQWLQJ WKHLU R 2WHS LRRIMHRPWWY & L FKD\RX F D C
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FROQWULEXWRUV KDYH DGRSWHG WKH YHUWKHJIJKUGW DQRE MMHIDW EHPR)
GRFXPHQWLQJ SURMHFWYV RQ WKHLU RZQUHGRIVHPRXURHA WKLV DQ

J)LIXUH 7TKH ,QSXW DQG 2XWSXW ERINVKRRY XVHG GXULC

7R VXSSRUW SK\VLFDO FRPSXWLQJ H[SHUQE8XWYW\D QAH RPOMNFXWWDER[
%R D FROOHFWLRQ RI ERWK PDLQVWUHDWV FQ6 S&RLQ/MWD/MVF KD LVNHHD Y/(F
DQG PRUH XQXVXDO RQHV OLNH VPRNH SUHVVXUH RU DOEHGR VHC

7R WDNH DQ H[DPSOH IURP D ZRUNVKRS VRAMRQ BBHALWLKAVQRE Q¥FRI RIS
9LVLRQ 329 JUDEEHG D WLOW VZLWF®& DUBRPVSBRDB\ PURR[ DQGRQ IBLC
EUHDGERDUG WR SURYH WKH SULQFHW®@HH UAZKLONK E DVKBIEDIHJ W)RJ R B L\
WKH\ VROGHUHG WRJHWKHU WKHLU 6RQWHG WR A GHFU SRIGDKRY WKH
FLUFXLWV LQWR WKHLU GHSOR\HG SURMHFW

6KULPS 6LGH 'LVKHV 3URMHFW LWV

ODQ\ HOHFWURQLFV NLWV OHDG WR D6S$ FRIQMAND ZWW R XOJ VAPV IO | XX
VWDUWLRUS\RXQWFKRLFH RI SURMHFW DQG \RX FOWLGODFHXGSRNHHAK
SURMHFWYV LI \RX ZLVK 7R KHOS SHRSDPASIHWSWUWRDNMBHWWE OVHVRIRDC
GLVKHVTYT IRU \RXU 6KULPS

JRU HI[DPSOH WR UHSOLFDWH WKH EHKDFHRXKLRKWRNWG6LBRRQ G H.
\RX VLPSO\ QHHG D 6KULPS IRXU BEXWWRKQRUVRXQG (DVSILRXR E X]

JLIXUH VKRZV WKH RULJLQDO 6LPRQOLDRW G&RBW.HDXH®HAHE XS/DOW RGN
FRUUHVSRQGLQJ PXVLFDO QRWHV <RX UHBR®QHDWH WAWEKH\ IMHIT WHEIFH



VHTXHQFH RI EXWWRQ SXVKHV )RUWYQDKHHO% ADRH\E BGW M DRI SKUDR/W
H[SLUHG OHDYLQJ XV IUHH WR H[SHULPHQW LQ WKLV GRPDLQ

JLIXUH 7KH 0% *DPHV p6LPRQY *DPH BRUEXWWRIL WRS.LOBOW Q$U RE
$ EXLOG IRU KRPHPDGH EDFNOLW p6LPRQY EXWWRQV OR

,Q J)LIXUH \RX FDQ VHH KLJK TXDOLW\FEDKINYOH W HHF BSEH ROV WER Q1
D KLJK SURILOH GHPRQVWUDWRU RI WKIHF BXWLP.S Hib ERRIJGF DIRQ® E
HPEHGGHG ZLWKLQ D ODVHU FXW SURMRBE®W \ERR{RIRVO D +RZRMHEW LQ W
VDPH ILJXUH \RX FDQ VHH DQRWKHU VWUDW HI\QHHLY H SXKH XIRE WZR
IXQFWLRQLQJ SURMHFW IRU 6KULPS HQWKXVLDVWYV

$ FROODERUDWRU LQ WKH PDNHU FRPPXQ% W QKD WHUWNMHWS L Z IHMKWXM
IRU FUHDWLQJ LOOXPLQDWHG EXWWRQWFXWHNVNQD Q& RSOH /.(/V DWDDBW



VWULSERDUG DQG XVLQJ SLQJ SRQJ ENODV BMDWXGMW IRV MKW \& BRI HO
NLW IRU D uy6LPRQY FORQH PD\ EH SUR RI G\HGH | RRIVOWH R V WMKHD Q6 K U LAPC

7KH VDPH NLW RI SDUWV DV WKH 6LPRQ GZWW K- OIRDWHUDZWHIDWY EX]Q}
SURMHFW VXLWDEOH IRU D TXL] JD FEK]HUY HRUO/IWD E \Z KRV XX QK HGEL M/H
VRXQGV DQG LOOXPLQDWLQJ WRNVENWWRQEHORQILQJ WR WKH |

$V WKH ZRUNVKRSYV SURFHHG GHOHJDMW B\RF XPBORWB\G LIRQE B X H QOH
LQWR DGGLWLRQDO uVLGH GLVKHF$ORU VXWKHM I ZDHG N DODH VP HQWH.
HDUOLHU ZKLFK QHHGV QRWKLQJ PR UM W KZQ W FK DIQGNVRW W HAY VH
DGYDQFHG H[SHULPHQW FXUUHQWO\ EHBQGLN ESIDR UMEWRPKHES O\HRD G
URWDWLQJ WXUELQH SRZHUHG E\ WK B WRMIEF VD ISR0UW HF X\ DU CR Q/ MLk
ORUHFDPEH VHDIURQW

7R VXSSRUW VSHFLILF UHTXHVWV IURP W HDGGW RUW KIHLFR B8 & U DRXLIOX
DUH QRZ SUHSDULQJ D VHULHV RI NLWVIRQ G VRS8R WW L\QXIF & AKX P H\
KDQG JDPH DQG DQ LQWHUQHW FRQQHFWHG VHQVRU ERDUG

,Q DQ H[SOLFLW DWWHPSW WR EXLIHE RQWVAXIHVEKRFR B/LLYH WRXAKIQ R
GLVFXVVHG HDUOLHU E\ 2JDZD DQG 6KLPREPHQWV LOQAFQ@QIXH3IHWHGE R VG
IRUD 6KULPS EDVHG FKDUJLQJ GRFN |RHU®MDOUHRL G XS KR)QHY ZW B NBL
26+&DPS

IDSWRS 6KULPSLQJ

7KH ILQDO PRGHO RI H[SHULPHQWD W\ R DI IV W \OMKHHIVR Y RI RHMKWH FA
SURMHFW 2Q WKH RQH KDQG ZH DV H EFRN QUR QUL G-R DQNGH B QO W 8 W AR/
86% SRZHUHG PLFURFRQWUROOHU SUR MRIFWW DDIOL\VFEHIIDIWLM M WKF\
ODSWRSV DQ DFWLYDW®WG& B VEKULEPEGE @V

2XU UHFRYHUHG ODSWRSV DUH JHQHUD O CRRIGM DQGR YV BIGLYDHMVD JH F
$OWKRXIK VRPH GRQDWLRQV DUH UHOQW LIRIHHD \HIHZ RW &H Q/HKHHRN @/G
PDFKLQH VR IDU GRQDWHG LV D \HDUORD @ MEKSWRIY ZK MWK VURXFXKV L
VSHFLILFDWLRQV DUH QHYHU JRLQJ WR FUWRRPE BDWSH B LRWKP D PR BR RQ
RlI' YLHZ +RZHYHU WKHLU DJH DQG ORHVYODOX R DKNHNH LWAR B IR \DVAYEDHV
XQGHUWDNH UDGLFDO PRGLILFDWLRQV RNRKHKWRAWZODWIH DR Q K /DG Z
EXLOG ZKLFK ZH ZRXOG DYRLG ZLWK D PRGHUQ PDFKLQH

2QH /DSWRS 6KULPSLQJ H[DPSOH KDV EHHROGRB¥PXGWO S 0 ¢ WRIPDAC
RI WKH EXLOG SURFHVV IRU 215HLOO\ PWPR @JH PFRQOW UDW H: B WGXD QW
ZLWK D GRQDWHG \HDU ROG &RPSPOIWHK NVMDURKY &3B SBSWRRS D Q|
DQG PHPRU\ OLPLWDWLRQV +RZHYHU LWXMLPDDQKE WR Q@HVRGHDS
FRPPXQLFDWLRQV RYHU WR D 6KULPS :H X®BG QWKOD SWRRBRIIMVW K X
GULYHV D HOHPHQW IXO0O FRORU JKHHD §KIDRU HRTIX\B B H WHRW B MQV D7FKKHH |
RI FRPSRQHQWYVY IRU WKLV PRGLILFDWLRPLIQJ DSBDRKLBDBWAHKQFK. ZD
RWKHUZLVH GHVWLQHG IRU GLVSRVDO JQHDRV VGRHPHIOV R L Q O & HILURHKY B/W



J)LIXUH 6KULPSHG /DSWRS DV FRPPLWERIPDHG BEAORIS HLOO\

&RQFOXVLRQ

7KH 6 KULPSLQJ SURMHFW LV D FRQGHQVD®G& RLQ RU JKXNOMWINUIRAPH WEKIHU VY
PDNHU DQG WHDFKHU FRPPXQLWLHV PDGHFKRERRORIW B AFKVYRXJIK D
SURJUDPPH LQWHQGHG IRU D GLVDGYDQW® RAHAORBRPRREW\ LQ WK

7KH SURJUDPPH FRPELQHV WKH SURYLVLRRORIQ,@EHH B XRWR\D\VE LIDJR
DFWLYLWLHY EDVHG RQ WKH 6KULPS DWQEODHOPLERR FRY W USRIGBOXH. G
&KHDS DFFHVVLEOH PVLGH GLVKHVY VEKHLGRUIRSSURWMHRKYESHUR J
DFWLYH GHYHORSPHQW GHVLJQHG WRHBRADLQDIDH WQBE DS B PMWYW 7IXQ
WKHVH LQQRYDWLRQV ZH DLP WR JLWR FR 8 DMBH QWKH MR RBDQ WR FW 3
KDUGZDUH GHVLJQV DV D SRUWDO WR @ FWXEDGHWWQJIDJIJHPHQW ZL

$IWHU EURDG H[SHULPHQWDWLRQ DQGUGERFMRQDRW W LZRHQ KDLWHK Q @ 2W
EHJXQ D VHULHV RI IRUWQLJKWO\ WHFKQRIOR FRBPRXIQVW Z R H § WKIRIS V
7KURXJK WKLV FRPPXQLW\ DFWLYLW)\ ,QGLR GHPRQW \U U E VW UER G\
GHYLDQFHY ODUVK HW DO GHI\L QD S8 IOH HX3 WWORG WIX® V\DDWHHES 0O B +

‘H UHMHFW WKH HFRORJLFDO IDOODF\K2BKJX\D\QXPBG WHKE®BHD OO WE
D GLVDGYDQWDJHG DUHD VXIIHU IURP MFRAH WRBPW ®/LK HL A KIDRBLOHY R D G
H[SHULPHQWDO FRPPXQLW\ PHPEHUV FDQ DR RDAWK B LB\R MRAVDSIS B B \D/I
ODNHU &XDWBRUMRXFKSRLQW IRU VHOI GHWBOPLQHER QR® ILLRKDALA}J D
VLIJQLILFDQW LQQRYDWLRQ

7KH LPSDFW RI WKH DSSURDFK LV @RW N ZPMVMHG WIRD ROV IREK D H GKI
GHSULYHG DUHD RI WKH 8. VHDVLGH WRI® RHORUSEBPDMW LRRZKD M L
XQFRYHUHG V\VWHPLF LVVXHV LQ 67(0 VFKRR® 5QFWZR L FKK FRX\® G DB/
DQG GHVLJQ DQG D QXPEHU RI FROODERUDWRXWY DRIWNDLFQWL K HADK HG |
HGXFDWLRQ V\VWHP

SHIHUHQFHYV

$OHUV 6 +X - $GOR9HR $ S5RERWILEIYORIW HVLR Q3NRG 6HPDQWLFV RI )RUI
ORYHPHQW SS +



$ORQVR ) ODQULTXH +RZ RIEHFH/HEQ GHDWIALKLHY HPHQW LQ +LJKHU (GXF
([SHULHQFH LQ 7HDFKLQJ &RPSXWHU 6FLH@FFNMW[L(RQ7UDQVDRWLRQV RQ (

$UGXLQR )RUXP 7KUHDG "RUNVKRSSLQIH... ... $ UL@FIONG RERP SPWLE KWWS DUG
IRUXP LQGH[ SKS"WRSLF
$5'; $5': ([SHULPHQWHUYV *XLGH IRWRBRBAWWR S5HWAJLRIYHBUF JXLGH $5'; (*
(% SGI
%DORJK 5 (G S5RERWLFV LQ Q®XPDNWLRRQHYMYRBDWGO®ID]LQH IRU 6FLHQWL
(QJLQHHULQJ ,VVXHV $7 3 -RXUQDO
%DUDN 0 JURP RUGHU WR GLVRUGH bl OW KW WROLH R IS URAEHKWHU RED VRNGV H U L Q
FRIJQLWLYH VNLOOV &RPSXWHUV (GXFDWLRQ +

%DQ]L 0 *HWWLQJ 6WDUWH Q DINVAKYSRIFGNL QRI5HLO O\ OHGLD
%HXJI $ 7HDFKLQJ ,QWURGXFWRU\ 3PRDUDPRQQRI SKEQYBPMIWVD GGFRUGXLQR &
3RO\WHFKQLF 6WDWH 8QLYHUVLW\
%ODQN ' .D\ - ODUVKDOO - PRDQL FORD @I RPXDHV P RO RLUPRQWH[W IUDPHZR!
FRPSXWHU VFLHQFH HGXFDWLRQ 3URFHHGLRSR\WRIXWKRQ &RPSEWMHBKQHBBE (GXF
%OLNVWHLQ 3 6LSLWDNLDW $ UW RI &H¥1J@IQW WKHURFRQWUROOHUV IRU FKL
WKH WK ,QWHUQDWLRQDO &RQIHUM® RK LIRIQG UHQHUDEWILRQ 'HVLJIQ D
%RDN . 6XVWDLQDEOH 6XEXUELDIURP L@®MLR RV XYMENXUEYBGEORJIJVSRW FR XN

DUGXLQRYV KWPO
%RR\WHQ 7 5LHJHU O JHUUHLQ $ VLYH UREPWEBVRWNFH®FH WHFKQRORJ\ W

HGXFDWLRQ LQ $IULFD $)5,&21 6HSWHPEHU +

%R\OH 7 &RQVWUXFWLYLVP $ VXIWRBOH SHEORIRIW LRU V@ LRIWAFIHY 3URFHH
VW $QQXDO &RQIHUHQFH RI WKH /7B 0Q G H&QRWPSX WHU ,QFRHB BMALR @

%UDXQG O 5HLVV 0 7RZDUGV D PRUHFRRXWR HTDKML FRGWHQEKWDRQ RI RXW
OHDUQLQJ ,QWHUQDWLRQDO -RXUQDO RI 6FLHQFH (GXFDWLRQ *

%BXHFKOH\ / /LO\3DG $UGXLQRV IDHMGKE R A WXL MAK IR IPBGMROMIIOR QDO WHFKQRO
WKH WK ,QWHUQDWLRQDO &RQIHUHQFH Rl WKH /HDUQLQJ 6FLHQFHYV

&DPDUDWD . *URVV 0 'R ( $ XIOVRF DG FRPSAWERBSXWDWLRQDO DUWLI
HQYLURQPHQWY ,QWHUQDWLRQDO -RXUQDO RI $UFKLWHFWXUDO &RPSXWLQJ
&DSVHQVH 1DWLYH &DSDFLWLYH 64HDQ\GRZDW H LKWKWR & W DIEEHIVWLRR 6D G OD\VJURX QC
&DSDFLWLYH6HQVRU

&H\ 7 ORYLQJ WRZDUGV &RQVWUXFWLYLVW &ODVVURRPYV

&KLDVVRQ 6 *XWZLQ & "HVGLUYM G UV QFH BIOGIR/OIRIA FIKQWH U IDFHV

&KX 5 X 6DWKLDNXPDU 6 W 13 D RIILHFWI FED \BHRG ODBOHFWURQLFV DQG GU
7UDQVDFWLRQV RQ (GXFDWLRQ +

&RQUDGL % 6HUPQ\L % .UDQ] 0 XAPFHWPIDQGEHU+ &RP® XQ&RV\ EDVHG 9LVXDO DQ
3URWRW\SLQJ :RUNVKRS RQ 2SHQ 'HVLJQNKSDEHV L @ DSLRKQXN X QHFQVALIRWDNZ $ X I XV W

&RSH % .DODQW]LV 0 (GV UDBXOWDORWE U DRIGIWKHVWBHVLIQ RI VRFLDO |
&RRN OLNH 3HUVRQDO FRUUHVSRQGHQFH ZLWK WKH DXWKRU

&RUVR - 5DPLUH] )HUQDQGH] ) 6 ZOWRB Y BAH DRK D Q W HREHIB/GIHYG] 6\VWHP V
OLFURHOHFWURQLFV ,QWHUQDWLRQDO WRRQHUHQFH RQ (QJLQHHULQJ (GXFD
'DWH 0 3DWNDU 6 3DWLO O 1DDRDMBKUDS 1 *&KKVAKNH 6 H 3UD\RJ $ QHZ SD
IRU HOHFWURQLFV ODERUDWRULHV QFH RQ, QMAKQRIDRUIR QQIODQFEB IGI (BIXFDWLRQ .
"HQLV % +XEHUW 6 &R O MIE RGXWLWHRQHDW QRERWQFY HQYLURQPHQW &F
%HKDYLRU +

'LJLWDO'DQG?7 'K\ WHDFK HOHFW URZQG E YL MD 0 BHORROW RKWWSGH] SKS HOHFW U
'RPRNRV - +DUULV - ORUHF D P E HF XYMKH BVUHRDAJIKGAH WWRR DQVW RRW VWL OO *XD |
(DUOH\ 5 8SF\FOLQJ WH[WLOHWLDGGL@GJ ¥ROXHGW KXRXIKLGBELOLW\ LQ WKF
7ZH[WLOHV ,QGXVWU\

(GZDUGV - $ (ISORUDWRU\ WD ONKH |RQHURI BRI Y P D[S GRHYIHIDIRWPHQW )R X

RI WKH (XURSHDQ 6RFLHW\ IRU 5HVHDUFK5I0Q ODWKHPDWLFV (GXFDWLRQ &
(QJILQHHULQJ DQG 7THFKQRORJ\ 6NLOOXDO'MRD®B\LQ ,QGXVWU\ $QQ
(WKQRJUDSKLF $FWLRQ 5HVHDUFK $ XVRIQRY KD ®BRER N HHDHER S,8G VRSO LFDWLR
HUDGLFDWLRQ

YJHQVKDP 3 (QIJDIJHPHQW ZLWK VPLHODFXH $\XK D QWIHRHYDEH\RQG NQRZOHGJH 3
WKH 6FLHQFH DQG ODWKHPDWLFV (GXFDWLRQ &RQIHUHQFH +

YJHQVKDP 3 BWXGHQW LQWHUHVSRNVY LRI @R XWHK IR GWREQEFRQVWUDLQWYV
$&(5 5SHVHDUFK &RQIHUHQFH %RRVWLQJ BOLIHQYMDNDUQEQJ :KDW ZL

JHUUHLQ $ ODUDLV 6 SRER&N B - KA GKEDWYRRLIFDBILRFD" $)5,&21
6HSWHPEHU +

YLUPDWD $ JHQHULF SURWRFRO IRU FFRORFXQ LFPRV VQ IWZ MKHPRG IDRRR QW UFRR® S )

ILUPDWD RUJ



JULWI]LQJ JULW]LQJ 2SHQ VRXUFH VRWASHYH @ DERARHQWHUDSFWRWH HOHF
SURGXFWLRQ

*UD\ 3 JHOGPDQ - 30D\L Q JPLD®D WHHH-ORGH RQ WURKDOLWLHV RI 6HOI 'LUHF
OL[LQJ EHWZHHQ $GROHVFHQWY DQG <REXQFKKRICO GPHQ LIFW @ -RIPRGEDOVRI (GXFDWL

)(%58$5< +

*UXGLQ - $ ORYLQJ 7DUJHW 2 7KH RBRWKHWLRWRUBKRMRAR@ER,Q $ 6HDUV - $
(GV  7KH KXPDQ FRPSXWHU LQWHUDFWHR® &KYDLQQGEEW R RK QROKD PHQ WID@®E/ HPHUJLQ
Ss = IDZUHQFH (UOEDXP

+DXSW 0 3HUVFKHLG 0 +LUVFKIHORURVVLQJ WKHGERWEBE IURP YLUWXDO WR

BURFHHGLQJV RI WKH WK $QQXDO 6 YRMLERRQDOGHHFAKRRQRMDRLQ &RPSXWHU 6FLF
+

+DUL $UGXLQR [ VFUROOLQJ /(' FOWBR[XXWWS DUWGED®RVS VFUROOLQJ Of
PDWUL[ KWPO

+RJDQ ' O 7XGJH - 5 + ,PBWYRDWMLR QKRRVWVIRU 3HHU /HDUQLQJ ,Q $ O
$ .LQJ (GV &RJQLWLYH 3HUVSHFWLYHAM RUOEBKB /HDUQLQJ /DZUHQ

+RLOH & 7LPH 7UDYHOLQJ ZLWKR 2R3 SDSWLE SW \D QX BHIGXQA\JV 6DIDUL 2QOLQH
EPXG WE

+RUQ 0 6 B6RORYH\ ( 7 &URXVHU 5 - &RPFRELGJ WKH XVH Rl WDQJLEOH DQG

SURJUDPPLQJ ODQJXDJHV IRU LQIRUPDO VRLMXHH HAGKX EDRW HRIQ@ DINWIRRFHHG FRIMH U H
IDFWRUV LQ FRPSXWLQJ VA\VWHPV &+, |

+RZGXLQR $ IUHH RQH RU WZR GDLQBRBUNWKHKROWHBRIWW RMROWKW UHDO ZRUOG
LQDQLPDWH REMHFWY DQG FUHDWL @ \QHKIVIMSEYV WMRZGFAWHRI BPRW ZLWK WKL
+\GURQLFV +RQH\ %HH &RXQWHU ,QWWXRWWOPEAW FRWWES +ROHLQ®HH &RXQWH

,QVWLWXWLRQ RI (QJLQHHULQJ DQRQHFEQ BOIROOV 3RO(LEXBRMBWHPHQW
,QVWLWXWLRQ RI (QJLQHHULQJ DQGJ7TH¥HP®RARDW DUB WBKHKEDLLQULHUV "
,QVWLWXWLRQ RI (QJLQHHULQJ DQGIHHERDRQRITHFKERORIILLNLOOV GHPDQG

$FWLRQV

,FHFUHDP7HUURU 6WULSERDUG $UG®V®R XE WD E R FHW CFERPHLIGWOWSJ L ZZRDIUG $ U C
-DPLHVRQ 3 $UGXLQR IRU 7THDFKLQJRPSXWEBHGBLVWWRVWSUB QG (QJLQHHUL
OLVVLQJ WKH %RDW" ,QWHUQDWLRQ D®X&RQYILRHERPBOWHB GWLHQVHLRQG &RPSXW
-HQNLQV ( 3HOO 5 7KH 5SHORFWQRBY BUBMHFOFH526K LQ (QJODQG D VXPF
ILQGLQJV

-HRQ 6 + .LP < * .RK - , QRIS REXDQLMRFLRQDO FRQWH[WV IRU DEWLY
LQ FRPPXQLWLHV Rl SUDFWLFH ([SHUW 6\WWHRV ZLWK $SSOLFDWLRQV

.DUQD /LQ ( &DQ URERWY WHDFK"XFDMQLRRLI® URBERWXEWY ®YFHFLDO HGXFI

/JHDUQLQJ « =
.Q|ULJ $ :HWWDFK 5 &RKHQ RRO IRU)DIGNRQBL@IWVHOHFWURQLF SURWRW\SLQ.
3URFHHGLQJV RI WKH UG ,QWHUQDWLRPPWGERT HDDHQ FRER Q LHDR JQWBI UDFWLRQ

.RFLMDQFLF 6 OHFKDWURQLFV DWAKBORD®ROHRQH HER QGDFKHGXMDWLRQ )UF
(GXFDWLRQ &RQIHUHQFH =

X]QHWVRY 6 3DXORV ( S5LVHURI, WBHRMSBARWW OFIRPRXRLWLHY DQG FXOW)
3URFHHGLQJV RI WKH WK 1RUGLF &RQIHHHRFWIRRD +XPDQ &RPSXWHU ,QW

/DX : 1JDL * &KDQ 6 &KHXQUQJ SURJUDMRI® I WKURXJIK IDVKLRQ DQG GHVLJ
FRXUVH LQ ZHDUDEOH FRPSXWLQJ IRU P L&6X OMXOOKRRIAD VW XGHQWYV $&0 6,*
ILVWHU 5 /JHDQH\ - %DG WKHRRBZBHGVX\S EDIP BMW DF KNQWKAHVLY RI FRQVV
REMHFWLYLVP ,QWHUQDWLRQDO &R QINW 158 ¥ H ORU FW KIHQ-6L I HHIOFESKHFHDQWL RS R FLHW\ R
/JRPEDUGL 0 $XWKHQWLF OHDUQQ @Y HRLY MHKZH ( GXE IPFNGHWEHD USQLQJ LQLWLD W
/IXQQ 6 %DUOH[ ' OXUSK\ 3 OF&RUTPULEEX60 5HYLOO 'BVSHOOLQJ P\WKV DERXW
VFKRROV

ODRU ' $ WHDFKHU SURIHVVLRQDO GHYHPRGPWQWFSWRLYDW FRRA@WYPHGLD OF

HQYLURQPHQW /HDUQLQJ (QYLURQPHQWY 5HVHDUFK +

0DSSLQJ 'HSULYDWLRQ 7RZQVHQG &H@QWAUFHVRHD UFWHUQDWLRQDO 3RYH

ODUJKLWX ' )XOOHU 0 %UDKLP EXUQWDIELY HUVLW\ SXERWLFV DQG &RPSXWHU /
(QILQHHULQJ &DPSV $ 6XFFHVV 6WRU\ $PHU (G RRDERIFR.G W6 RXW KGHIL\QMHWQ B HF W L
&RQIHUHQFH

ODUJKLWX =\00OD -RQHV ( 0 XHOUW/LLGALHPWHIFA LRI BRRB MW \SLFDO DQG 6S
&KLOGUHQ $Q $XEXUQ 8QLYHUVLW)\ &DVW\6N\RKGQ IRWPRHMHARID IV RIBRERBH  7HDFKI
,QWHUQDWLRQDO &RQIHUHQFH

ODUVK ' 5 6FKURHGHU ' * 'HDUGH@HU®LBWHUQLQ 7-KH SRZHU RI SRVLWLYH G
&OLQLFDO UHVHDUFK HG +

OD]JRQH ( ;X 5HDG - "H\OL JQHL Q HFVWDLARQDMWR.® GHVLJQLQJ IRU FKLOGUH
3URFHHGLQJV RI WKH VW %ULWLVK +&, *URXS 6HSWHPEHU



OHOOLV ' $ ,JRH 7 &XDUWLHOOBMUGXLQBDG@L 26H®(GHFWURQLFVIBURWRW\SLC

VHFWLRQ RI WKH &+, FRQIHUHQFH LQ 6DQ -RVH &$ SS +
OHQGUV JLUVW OHQGLQJ 5HVHDUFK 6\PSRMUWRE PXQIE WV QXOW
OLOOQHU $ %DDIL ( ORGRIGWQ E MGG RO F IDMEOH[®GDWIRUPYV IRU FUHDWL

SURJUDPV DQG LQWHUDFWLYH REMHFWNW 8B RBPWHGRQUWURIQWK HR Q WEW B WHRMILRQ |
&KLOGUHQ =

oLOOV . 'LVFRYHULQJ GHVLJQ SRN\RVL ERIORX\OALW VOW WHROFL IDVSHBXUQDO RI /H
+

ORUHFDPEH 5HVRUW $FWLRQ 30DQ

1IRXUEDNKVK 5RERW 'LDULHV @RFRIHBW LPYLHG B/GIF KMFRRRD JOXBY 5S5RERWLFV

0DJDJLQH ,((( ODUFK +

1RY 2 "KDW PRWLYDWHYV ZLNLSHGEKBIQMIO&RPPXQLFDWLRQV RI W

1ZDQD + 6 7KH FRPSXWHU VFLHQRH HGX¥DMRE®'Q, ® WIHWDFWDRBW ZLWK &RPSX

2&5 2[IRUG &DPEULGJH DQG 56$ ([DP01Q D& LROBH b RIHWU EHRERB I[URP KWWS

ZZZ RFU RUJ XN RFUB BSSB BMXQBJFHBXI SGI

2JJFDPS $ JUHH &XOWXUH 8QFRQIHUHMQWE $RINFIPS RUJ K

26+&DPS 2SHQ 6RXUFH +DUGZDUH &DP8R$UHHKBQGZRIURSWMRONY DQG ZRUNVK

ODQ\UG FRP RVKFDPS

2RPORXW %UHDGERDUG $UGXLQR &RWEDWUIED ARPVEU% QB KWWS

KWWS RRPORXW FR XN EUHDGERDUG DUGWR@R FRPSDWLEOH NLW EEDF S K

3DWFKZRUNYV $ UHVHDUFK SURMHFW WR LHBWRRE QHHGWHRONMRPBQEWRBHARSO

/IDQFDVWHU DQG ORUHFDPEH KWWS ZZZ BFSDWFERRUNYRMHFW RUJ XN FRQWHQW

3\)LUPDWD 3\WKRQ LQWHUIDFH IRV WEHWEXPBMAMD RURWR BDROS\KMMBWD VUF

YDQ 5RVVXP 3\WKRQ DQG WKH ,QWHU® FVEZYHS6WKRQ R |BIVEHREQMVK/D\V SSW DF

VOG KWP

5DQGDOO0O & %HDXPRQW - H 6RFLHW\ 6RFLDO 7UHQGYV

5DVSEHUU\ -DP $ JOREDO QHWZRUN RV KHHY S5IIDWAB\E HRIW \HRLWKRKR/S DWWV RW W S

UDVSEHUU\MDP RUJ XN SUHVWRQ

5HJHQHUDWLRQ LQ +LVWRULF &RDVWDO 7RZQV

SHYROXWLRQ (GXFDWLRQ 3LFD[H (OHFWURQLF *DPH 3URMHFW

5LFKDUGV 0 3HWUH 0 %DQGDUDBELFRPS BWDWWW®H MHOWHERDUG WR LQWUR
3URFHHGLQJV RI WKH UG $&0 WHFKQLFDO V\FeSRADLWPRRQ &RPSXWHU 6FLHQFH
5XL] GHO 6RODU - 5RERWLFV &HQ\WWQH QMG 2XDMWHG FS $ BWDEKW (GIXFBWLRQ | (
7UDQVDFWLRQV RQ +

6FKPLGWEDXHU 0 -RKQVRQ 6 6 LK DWKL GWHERXDWIN BYRDFWPQUQJV Rl WKH
DQQXDO FRQIHUHQFH H[WHQGHG DEVWUDFRW\WWRQ@HRFDQ )DFWRUV LQ &RPSXWL
6FKUHLQHU & 6MiEHUJ 6 6 F XMQFH HGXRDW MRQFRQBWRXFWLRQ WZR LQF
,Q ' &RUULJRQ - 'LOORQ 5 *XQVWRQHRH(BVIDIKHVBHHWHKMIGFLHQFH &XUULFXO
6KULPSLQJ LW &RPPXQLW\ :HEVLWH DQG #6KUK\WBLQJ WK FZPBMOHULYHH G

6LOYHU - $ZDNHQLQJ WR PDNHU PHWHRRRBIRD FXU MR FFHDWHRIBW OO U 3URFF
WK ,QWHUQDWLRQDO &RQIHUHQFH RWGUHMHUBDFWLRQ 'HVLJQ DQG &K
6LSLWDNLDW $ %OLNVWHLQ XLOG /RFOIOON *DREMOKQROKRILFDO 30DWIRUP IRU
IRU (GXFDWLRQ )RXUWK ,QWHUQD VLR PP®G&RE HDUHR FERG LHD® JQBGIUIDFHV S S

5DQGRIR 7KH 7ZLWWHULQJ 21ILWAV &K DAAZ 1, QVWUXFWDEOM® FRP LG 7KH 7ZLW\
6MiEHUJ 6 6FKUHLQHU & 7RHBYEHSZ DRMHRW\ BBDBLQJV 2VOR 8QLYHUVL
ODUFK #

BWHHJ 7 /LQJ © KRV , ® RIRIOON URRIOF RRPISW WHH W ARQWURO " ,Q ( 1RUPDQ

* 2ZHQ -DFNVRQ (GV '$7%$ ,QWHUQDWLRQDO 5HVHDUFK &RQIHUHQFH SS
7DQULNXOX ( 6FKDHIHU % & G MW KHXNHIUVLDKRRWRKEBWFK 3URFHGLD 6R
%HKDYLRUDO 6FLHQFHYV +

7D\ORU 5 $ 7D\ORU $ 5 -DFNVRQ 'HU ®FBERROQHW\ ', &HP&RFLHW\ , HW DO
&XVWRP 3&% 'HVLJQ IRU OLFURFRQWUROOHU (@IEQWHBOQ BREXEP IVQ @ BIOHX\DIR &F
7LPFHQNR 2 (IDPSOH RI 8VLQJ 1DUUDWRNGY B5ROHYD RKLIDIVEDEDHY 3V\FKRC
3URJUDPPLQJ ,QWHUHVW *URXS

8QVZRUWK / 7HDFKLQJ PXOWLOLW FSBIRL B @ LIYFHWRALW WXBHFXU ULF X O X P
9DXJKDQ / *HGGHV 8UE D QQI R F DQMEHE IS BUDYD VBUR[\ IRU &KDUOHV %RR
SRYHUW\ 5DGLFDO 6WDWLVWLFV +

9RJHO JRUP &RGH LQ 'HVLJQ $EAV& DIVRIG BHIFK L WHKF@XQHU OF:LOOLDPV DQC
-RXUQDO RI ODWKHPDWLFV DQG WKH $UWV $XJIXVW

'DQJ 7 .D\H - ,QYHQWLYH OH IDQ@WIHY $ KIDFW L BH VF RAPKIQUWW HV DV VLWHV

DQG LQQRYDWLRQ 33URFHHGLQJV RI M[M\HH QG H® Q KB W FIRFWNURI@ FXPDQ IDFWRUV
VIVWHPV  #



'DQJ : =KXDQJ < <XQ : , ®QRG B MOLW HRERRWLUR D ORZ FRVW LQWHOOLJH

5RERWLFD +

'LUHG 6PDUW %LQ PRYHG WR FDWFK MKURER XNVQHEZ VKIWNFK L Y2Z Z VPDU

<LQJ\LQJ 6 /L\DQ * =X\DR = GHYHORBE FIKQMW MIQQWHUDFWLYH HGXFDWLRC
,QWHUQDWLRQDO &RQIHUHQFID R® GWXFIDIWEIRIO ,QWHOOLLIHQFH

<RXVXlI 0 $ S5RVDOHV 6 ) 9DUD 5 (GXFDWHR®DO 5RERWV IRU (FRQRPLFDOO\ &

&RPPXQLWLHYV ,QWHUQDWLRQDO &RQIHUMQFH ROQ (QIJLQHHULQJ (GXFDW



