QWG XFWLRQ

0\ SDWHRF R QR RZIDR® RO Q HB®WG BF MIR® F iR@ L AR
LQV W D,QFIHG Bl YW@ DNHHFRQRPRREXUNGFROOH
PDMRUBGJOLNRGBHWNDNG\ DPELWIDRWEHFR D
SRHWXWKHEHFDRIQW U LZLDYMELHG HDK R WP D @D
IRUPSOD XV EEH®H BER XAD XV BITHFWAW HQZLW K D
UDQGRPH[SIBULFAB®W\ WP DV R ZR X O B Q YMD
D F)XOHZ K DWVKND H Q W HHQY FHRH D QONWDVD RIQRIZNV B RV X FIK(
H[SHULPHREWZG LGIHWHUBD\EKNR XZ R X @& MWHR Q F
KRZJRWR KSR LDKH U HH Q@HH G\W B U LW KE R R KK
7/ '5 YHUVILW®DWROORZH® GD WIKR FQ J O MVRD X \

LQIHUHQFMWMAO@RYHWKERQRPLEWIHO@R YH)
HPSLUURD A DIUKHKQQ RW LW KBIW R Z LL@QMW HLUGH IV XW
LQOIHUKQEH HKQD S S H Q IFOHW KHHQ WW U PYI X VHPW W |
WKH ORQJHU YHUVLROQ

,POMRUHIZQ JO DMK KSQ LY H RVIHMP\QH VI WE R [ Y
DQGUDGXIXWWR/HULRRELWLRBFRMHSURIHV)
SRHW W KLOKD &HH®OXFFHVAUKBIRHWFRROO
TXLFNED O WKEW G WXMHR D/GR X F F HRVHA R QWK B RIL
ZD\WBUREDERWHD O LY DARMH Z © D U U [ZH @DKE D ER QN F
ZD\DQGZRUNDYD TXDOLWDBHWHDHNFEKOGRWE D U !

UHVHDUFK ,6ORREOAWRSSHG ZULWLQJ SRHW
0\ MRIEVDT XD O LW B VUHERH) D CAD W\ FHR S H Q LL@ID
EHFDXVED WP\ ILUVMBRVXVRHP SLULBLWRED W R |
3JURXQ®WHKGE R U\NIDDRSILQGXFIVESHRBVFRKHQH U |
H[S O D Q DRAKDRRDEH K DRED V RGR EV H U Y D\G L\B QE/
UXQQIRFXNWRXBYER G XF W QQGEH.SQWKH U D MVHEZ @ ¢
W K U RRKWHKHAWK Q R J PIHMKK. R ®'% S U R D A R A%U R MDH
DORSSRUWXRQ®M U VAKD QKR S®HE K\W K L QWR/HE\L
HYHQ@ K DWK IG\L D \EX\GHW H LRI QRINF DESHR Y L



KLOMKMWREYVSLPHEBHYHPRBZ WWKHRDERNWPL
EHKDYLRUGLGQTW SURYLGH PH D ZD\ RI ID
,O DI BED BN R XIQW KHR F VFOH Q¥ R ZR X OH QF3
HYHQL®RRYQORDGBBGLRUWLUERR\KIDWHUGQRY
UHPHPBMRYZ, HOGHKGWKHENWQHLJK\ED VR QW k
S8QLYHUWME&WLFD/IIRZDQGFRQRPIZRW N IS@BS W U
ZHEVZWHQVSHHEWDUY%HF NFHDUX JRWH\H, VE D \K L
1REBOLDHFFHSWDSHHR KR AHFR QR FOLFS/OW B IR(
KXPDEHKBRWY%HFNHW@DQGHDGLWKD QJMGOL],
WKRXHRKRQR FZIDPB ER XYW RFINUN BW&D Q XQ WU B!
WKDSHMFK GLGRORZFR QR FZIDAD GHQ J LW KR YAR X
XVHVR QDODERIKXPQPEHKDYZRWZDVWRYHUZKHC
H[FLWLQJ DQG D VHHG KDG EHHQ SODQW}
% X MIZ/D V QWY UG CDAD U W R EFOUHL FEM/ R WDV G X V W
> @ WKDW , EHFDPH WUXO\ HODPRUHG R
W KHZMMVD QHP SLUERP SR QHKQMUHFE R QR PV R WK
HV W L FFIDW MIDIE F \Z MWTKK D Q W L S/MWERFYRD X WRK W/ I
SDSEADVDY.GXVWDWKIBQ@ VVRFE&DWIHRHER QR
DWVKBIQLYHWMM*HRUJDM ®RQMRI*DUW%HFWHRBUFP
VW X GHGW L GHE@ZD Q WW B W XL VOB V W DDUGES R,
DSSOLMHRWKIBQLYHURLW\RUJLGRFW RBUWRAG U D
HFRQRP,LFRY HHERW K HORWVR U JEZDWK ZLIKDLJBQ
RXU LQIDQW VRQ OLOHV DQG VWDUWHG F
$IWSDVVEQILUVWFRIIDSWUHKHJDPYW R BXV W B
O D BFRRIQ R P LEENPOGGDIY Y G H D UIDERR WD U LRWR SWIK
ZRXO/KDSMH LOWHURYMDUYKHVWR S LEF O X\@ I
UHW XWRI'G X FD W QRJ X DUDLAMED. @ F U L P L BDWDBR)
PDQ\WRWKHDVFLQDWRSILFODERWYW UHDBDQ\PDQ
HPSLUSBBAWWKB®D WYY G I W H U Z INDFNEKWZ R X
QHHWWURRENJUR®G B QR P HMERVANL QRGJ HV H |
 FDHGERX@WDFV6 HFH@/ RDNHFRQRPHPW B DEQ H
RIVWXGKLOHBH WRRURLWEKULVWRKKIDZ B(
HFRQR P H\DQIGD BRARR P LDM¥ R U J LOH D UCGHBWR
& K U LE/R WIKE R ¥XMWF R Q R P H VQ ®FE\R YUM V H DIUW ¥ H E
EHFDPH D PH@WRWXRGA FORVH IULHQG



(FRQRP HZDAGENF X @ RQM WHSU HW,HQ & R RG\W\W
WRFOOW KHFR QR P HRRMFVHM U HDGMW K 81Q. Y H U RI
*HRUJNRPIPRUWKIRDFHAKHYL QF O XFOHG/ ¥RY H |
WR SQERHR E D BIQGAWD W EVM\R VFVV H BV Q & R WADL
VHULPIYGEXDOLVEBWER®E\D U LD BXBKLQOSDV VP
ILHO[® R MFRQRPHWWUFXIWEAGHUWFRQRP
DWG H HSBH Y$MINV KWHD\L DR HYFR X Q BWH W KIR U HR W
WUHHYV 6RPHWKLQJ MXVW ZDVQYfW FOLFNL

 QRWGVFR P HW KMIQRIXZKL (7HD \Z U L WALKMK EK G S R/
P\ GLMYW DWLIRW G QRW LFFHH ® 0 HW K EK QB D \D (
LQYHVW LRI D'WKHIRMERVD E R U VO HR © O L ROQW KRIR K R/
| X W XUHH X BBK D Y>LERADQ@JI K D &@RUQZHO@, W D \D
UHYLVRMRGQRIK D GHY LWW @ Q R IW KEHR R/N U H [L.(
SUHSDUMRWLRQVXEODVHYLOH @KLAKDGGLW
UHYLHWIK@MKHRID\QHA SLUNVRMDORBERUWDBOL'
W D BHDSHO D L @VIKGBILH UFHD L Q HAH QEEGIN Q W L NL\W D\
7KHQLYHRWHRU KDGW UD G LMARRRORHSMUGLIFN
DQ@®RVWIP\ ILHFRXUVAH M KHR UHW UFDXCE
HFRQRPLG® WRBUDDIMLR®@ QHY HHDIODE& HD We
SKUDV B HEMNAVR/Q D VO HID RIFH X VQOH U HIGIFYHL ¢
VLPSOHI UFHH L QHWH QWIDEGN RP M HD VRSH QP
H\HVVDZXRZHFRQRPRWRGH EFLRXID X V H\ERV R O/D}
FDXWIBFWNVRPWUHDWPHEKND WERFKDQUE&R Z
DSSURDFK HPSLULFDO SUREOQOHPYV

KDV ,V &D XV Bi® QFH "

0\ | LUWRFEXRJ U D G XMB WRIR D\D \D @ V V L VSV R QHADY
% D\ CBRW Y H WPLDAF\RH [D \Z K H U ¥ WZ_FROUNQ G L WHR G|
ZD\WHVWW KMYFRQ®R W KHUFR X OHBHVOK BIRRQRP H'!
ZDVLQGLVSH@OIEEWAD\PLVVMRPHW KLEK D W
ZDDWKHRWEFD XV D,AKDWHHRUELWK@WHRY B Q
VHHLWEGW UHQFHHDHOBMDELGHHYLOH @% XV
QHHGRHRUBR GHVSHUGUBKDWOZDAW KB, ZD QN
OHDVRE® HWKQ®Z2GHYHORFIRE URGF D X W\ RR U
P\WHOI WR OHDUQ DOO WKH WKLQJV , GLG



, Q D PGW KFR X U&/D{X V00 H U HIQF&H V H D UHAKL JoQ
W D X KR KIH UV MRVHRD \O RDV WN W X G HQ W V$ WV |
WLPHRXOGEDPW@I H[DP SR K KWRRW ODVXD'
ORRNRQIR FREE QHRWHK BESDW FK RRIGNM DURV H Y +
GLVFLSDQ ®XWKRUYOH EREIRQRPEREQERQRP
VRFLR SR O\LWHLAD@SH G HP LR QRW\D W kR YD IDFPH!
0\ FODY BV QN ®XUHR QR P HWWRXUAIID W K NAD \D (
DS SO HHPG L U [EFOIDOVWMK WD X JIX WD UL RWAR QW H P ¢
UHV H DBHKL MXFBNVG LHUHQF H HA\DH G BIRGWD VL O
ZLWHKS L U LLFHDSOO L FD @ U R Q @ LQRAZ K L FZKH UEX LRX
W KUHR E XWKAH R F\D X V DI@ X\ ®R Q D 6 BE V@ R UNVZ H
D WV KZ-R URV- X G H3IM D U R LEVR RINQ & K BOGWDIVWIHQD FYWH |

VLPLODU WR RQH DQRWKHU
6RKRZRXOQGH I LIMHX WD) | H U HOQIFXVIDDI H Wi Q\F
OHYHURIWEH RQ\G HHNQ R Z O HRGLIGIV W L WEHNAL B
HV W L PADKIHPIS DR N Y iV Q EK R L RHB JL Y RX W F FRF
LOQWHUWEVIRW QHZALH ®EPD WD YEHHREWN L RY |
FD XV DVLIQB\® W L PAOM DIWWD H Z W KSHU R J UAHEH O L
ZHTWYH GHGIVWLP BNV QIOH F WR W R V IDEHEX W V WG
ODERU BWRWGD WHKEHJILQ RUGYKDWZPRGHBRX)
LOQIHUMQREWKHU @DDYHOPR@RBXELQ @RP
FRQQHWW KAR URIH D US1\R Q HHWIN®MK @QR Z HV KR
JL YDD RW UGHIW\R X P H U R XMKFQ\H D @D BHRAR Q R PIIU\R
WKBIDWHY WRDWHYV ZKRVBIPE LW UR X W DOUFHKQ (
FUHDD'HBYROK@ERQRPURBRQW LW RHWGYD \<R
FRX®GH @DNHQDUJIXPHQWVZWRZHLW RVK&R ZC
&RPPLVVERIQDLEEH ZD:OWL J W @& KFHR P S X WHHLLH ¢
-XGHD 3HDUO

% XMR B Y HB XG D W WHVH U J H QFDHX VIDQO H U KO KR
PDWXUEBG®BRLVWLEM® G RWXUSULVRRIOW D UM
VHH PRUH DQG PRUH WUHDWWP N@WN WL PLHV
LOD OHQJWKD S VRIQBS UR J UDYD O X DMQHFE@ QR P I
WH[WERRNRWOGULGIBRUHYHOLYHHOQWERBRN O
WUHDWPHQWRH MXVW D IHZ WH[WERRNV LV
$QJUDQBLVFICNH @RUJDQA QVKLS @PEHOW



5XEL®Y) @D QGUREDEIODGIR]HRW KHURW R H QW
QXPHURYXWQJWHKMDWRNGWNNVIWE DWW EBWV K F
IRXQG $QJUDWQGUXHIHU @QGPEHMMNQGHPLH
> @/KHPDUNHBHWXLHD®GLERRNOW ®UWLBBR
LGHQWLI\LQUIHFIXW ZDWK GDWD DOO WKH W
6 RZK\G R HAD X V,IDOH B HTK H) L [ W D-S[H V:WH OWOR X I/
E O X QDWH D G DEXAOHU R GEXFERER WAKU R J U D P R LODAIS ¢
G D VD) G H W DHL[G RS LGV LARGL\W @ W KR §@ 19\ E R RLIND (
HIR WR. W @ ORVOE-H F D X 2 H O LHKYDW\H V H D U K BE@ Mk
LD J X L GWKW Y NHK/H B RRQ R Z D@P ROMW KOLECRIK BVX \
LQIHUMEFHD DR HF R PEBW H @RP S HW H Q\FK\HH Q WHK
WKBWUFR QY H LDUDELW HDUERE MDGH VL FQO® Q ED Q (
GR&RP S HMHQVKWH G'W K V\K HF'D @V D IGHD WZIJ L RRKC
DQGXVLQNKHR U HDWIGFR@W H [N\QFDZD HGR SO H PB
UHD VR QOMIQIKNR Q R IW K HRIZUS U R M HIFMKE R RKIH C
V R P H R®M/ K BWK MKE R R2\L R D YKID @ D O B9 & K D\D/Q
FDQ DQG VKRXOG KRSH IRU

% XZNK BE R /IR XWW/K HBJRHO L N KL F R Q HAD YLIHQ V S MK
ERRNMQZK\GRQIMINMXNWHSVLQ@IKHBRWP\ FODVYV
PDLQOHORBIRUJDMELQVKES @QJUDQOWLVFI
> @DVZH@®@WD OLE UDWKHR U BW GFLSQ U DEMA
7KHVERRMWH®P\ RSLQGRIQLQEWDYMARKWK KE\L G
VDWPVRQHH®WBWUWUXOND FRQVWDRMIEG W Z
PDWHRMDKIERRNWUBZHVREN®YRWXLWH] KR F
HLWKREHQV DQG 5XELQ > @ FRYHU WKH
H[SHULPBE@WIDIED BDWFKRLQGQ VW U XF B Q WDER
QRWLUHFWF\GEOLBDSKLFRGHOMW*Y UHJUH'
GLVFR Q V&ID@MEWRDY \ Q W KFHR\QLWIRRY D@ 6L Q V k
> @®RYHUV WKIRWHQWWDB RPRIEH® GQ VWU X
Y D UL D E DMIVYW RIRL IKWR XFE@ H J U H \GULWRFR Q \I D
SDQBOWRB\ WDV WHKND O \GR QFJRW N UQ W K FR\Q\
ZKLFHKD\EHHBD O QH®RVIWP SR U WO QRY DLVGRQ
LOIHU RQWK®DVWHD EVSWKBEQ@®EEHQV E®QJU
DQBLVFISNH @W H FRV W RK D@ H HEX ®/R HQRWMD F C
D Q\ W KRLQP JQ W KFHR/QLVR IRRYY KIHU D S K. R B EMDK/D WQVG
FULWDAOH X WD\EWRVIMWP SR UW PEWQOQ G XE



> @$QJUDQBWLVFIKNH@DQGRUJD@Q A QVKLS
GRR\SUR Y IDGH UMW LEFDRJ U D PPALIQRIDHD Q GE H O LIt

LV LQ UHSOLFDWLRQ DQG FRGLQJ WKDW-7Z

7KLE/RNZD\Z U L WA VD@ H ZG LH U HSQWR SL.OPIL G , VZ D
ZULWWUNIMER UH P RSV D FW L VEZ KR BRAKKL WQ F O
HDV\ WR GREZDWBDNDD SURJUDREK\, KDYPIDG
VHYHMIRQOWRE H Y LSHYS HMW H @QU H S O W KRR I HID'
PXFKV SRVVLEDHOWH D GWERY G H U WWKLOBEE X IV
LP SR U WID@WK HWPRH HHP SRZHURMK W WHD @ V M/ K F
WRROV WR DQVZHU WKHLU RZQ UHVHDUFK
$QRWEHUV,K® YIHP LGL W KHH[ S H U L H\NQFEFHVEFQ H
ZKRZDQWWRIHWRROEMNVKHBHISHRSDIHWKR UR I D
W K H R U B M@REDDCF N J U RXUDDB E W K H\Y R SZKHR/ L P ¢
KD YWRP KR OHW K KX® DFDSLWILERRNKRSHAD &H
J X L GAHK HPK U RW BRR @ UW K H RREIDX V DWCRER\PP R D
W KR F VFQH QB M\H ®®S UR YR BBIO F X G\ H B\W HH(
JUDSKPREOW KB H R Q Q MAKWNLQR Z O HRGW K H
ZLWK/ WLPDWHRQY LD UW LLFIXWDOOX DEW KLWR X
WKLQN

$ WK LUW® X\8K DIW R F XOUR QL W K®IR Q D F D GSH P VIR
LQGX\PHMG\L\D K LWDNQNY & KBILNABFUHDVNQRAD
DERY\UXVD®IHUHRH HFWHKG RXJWRSUR I HVV
ZRUQWE\VQ ROR Q VH.P S\VOR P H W KVLKDIWD G H PULLIEVJ R )
DQGHE D,WMNUXANQM®HGI.RPDNLBDXV L QEHWNL VDT
ZHOO DV IRU LQWHUSUHWLQJ SROLF\

)L QD W®ERRNZ UL W RBHR SYOHB\D ULQ)V K IF DHUH UBW
WK KQ G H U JU D GXDGMDWMXHE HRQIWHZ O L Q WBHK GV 0\
K R SIHW K Y WE R RAD QI HV K HDRVl X P\SW [ BAWK IV W 16 \R (€
KDYMWRPHDQGBUNDQWRIXVGLAGVKURRBIMNRPHZ
ODE\ULQWKLQH SDWK WR WKHVH PHWKRG

'R 1RW &RQIXVHHOWURQ ZLWK &DXVDO

WY HWBRPPROKHVBANWRHDARPHRWMHFRUUHGR
QRWHD®DXVDGDWRVWKS&HXUS RRIW KER RINW R H
UHDGHKMDE OHRQGHUWYDREBIOWRUUHOBIVUWR®



LOREVHUYD WD WDDEHQ O L N\HIDNU H IO HRWLL F B X\
UH O D W L RGNMWIKBHR RINW R 2W K\HX @ R RIDI WUHLLV I ¥
Z HN Q RW KWR R VGWHGEUD I WWWHK\HX @V B L V4D GV KUWR R \
E H HHDD WEA\QY KI B U PR W KVHX § WZLROYOR B YUHL V KIKOW |
RIWEHBR SPOMHNMW KNV QRAPLVWEKHQDLYH@WHU !
VLPSOH FRUUHODWLRQV
%XWHLUBQRXMRPRWYWKHDWHRDXVDI®ODW L
EHWZMHW®WKLQIDEH Y R EVHU YDREWOUHH OIIRZWKQ
GHILQVWHOW®WRHEFD @ QM K LFDIX \DHD R WW K LKL k
DQGLVFH URREQHEMNWLZRGKN ZR KL QAR Q V L\ K
H[DPSQ@KLAKL.OOXVWUDWUHIG VDLOWRD L CKHER |
DFURWVKOD RIPDZL Q GO\ $ VW KZH. QFS0 R ZAK H R X Q VE A
W X U QUKOHX G & VX FIXZ D \V FD W R [ D F WIY\HMH R U RI
W KZH. Q % D FINQ R UWKKR R Y HWVKUHX G G H WY KB-R D R/O O
DV W WKDRLUQ A URVKBID NSHN L Q G K HIHU@\DH.G H U VARG
QRN QRZHGRI L QRSE B WAL J KOR DNW KZRPQD Q 8D
36 RPHRIHWKYBLORY U X G GHUME URNHEWK L

W KE MIFX VKHHF D Q Q/RMB Q U H O D W LERHQWZMASBR Y H P
RI WKH UXGGHU DQG WKH GLUHFWLRQ RI V



A,
£o0iis -s:ﬁr_-’:r_&'::::.-_-:._

J)LIJXWW 1R FRUUHODWLRQ GRHVQP®W\WERQNQR BH.

<

% X @/RHW Kl 1D PMK B ME D Q QRWVM KUHH O D W LFRHDWIKK |
L V QRIQWH'X VEAH F D YAWHKIH.WHRR E V H U YUDHEGDIHW LCRRCHDK
PHD@Q KHIUM® RFD X VRYGH ,PDJL @HK DV WR IBG U | F
FRX QW WUHHOQEW X UQUKHX G GHKWK D GQ V@IIOD S B
FRL Q2K HDKGW X UNKHX G ®HHWAD Y R M/ X UNKHX G G U
'KDV@ RRXW K LVOKP B @ R X ® G Y\HWH HLQV K & D W D L CKLH
ERIDWFRUBRRIQLSNKHDQ G RPRONH/EGKHX G RHRD
ZLOGED\WKHKGOZRX®E BV DLORUDJJIDFINRVKGID I
'K\ ZRXOIGHVHHWKHMHODWLRIQWKIR R Y H P HDAW
UDQGRPL]HG EXW QRW EH DEOH WR VHH L
HQGRJHQRRYDQKUXGAHUHYSRYRHKXQRE VH
ZLQ S Q@ W X F KV KBIHW DR Q F K WSZ FNHKIHI X GLEDHD GV
ERIVWIILUHFUMFD@FHOHG2MKRRWKK H UV¥D FD X\
UHODWLRQVKLS EHWZHHQ WKH WZR

7 K LWR X Q@M WAL GIOD P S 8 KMWQD FMK HDUHMR UWHH U L
YH UV [RRIQ8R Q V L BHHQ VEDI®H D G\W 6@H D YAHB/L V F



ZKH@ UHFHVVLRODVHNVRUPLOHHL®YLGHQYKID
UHFHVNMNHRE UJMXKED OHNQ WHQWRH Q P DRISHHUD \
EX\LERQ®W G XPSLQUTX L@MWHKHFR QR PQ VR D
W K HIVFHW LIRWA/R QRIS W L P\ R IGRVSIH Q P DRISHHWAD \& L
VKRZR UH O D W LDWKY BZUL WDKE W RX @&/ S RMD F QW F
LGHEDQ®WD\HQJD LD JJUHV WIWDHE RUGW R W B
UHFHVWDIGREAHZR X BEX QD B/ORHH B QH Y L G HWQ KB®D
ZRUNH@BQ WKRXJK LW ZDV

+XPDBHLOQH®JDJL@S W LEPHDOD YOLIRWKRD LIQH D \
FR U U H OIOARVAW U MDD X VUDHID D W L FE G RS U
DUKXPDBHLQDNWU@GRPHQ D VZHZL @E H WWV
SUHVHQFH RI UDQGRPQHVV WKDW LV AHRW

2SWLPMDRQ HIN(MUWKLQJ (QGRJHQRX

&HUWBUEYWWDWRRED/XVDQIHUHRHFMKR G R &R
VRPHW ERHH®H V F UDEBVBK H R UEXWAEE\DROS L Q ZR Q
VRPSUDFWLWHRPRPJR U WD\EBGL W GH WRB® K
HPSORLIF® X VDHOV L DQUBIO Z DG W H SSCHS H Q/R BDK H
DQ ® R FIDQV W L WNKQ\RIRIHD\WE WP\ | LUPH O IZHKIL FKZ L
HPSKDW.YHWR Y HQVKERRW K DMV KRXIMWRQR Z O+
HVWLPDFWNXGEIH FWWHDUHOHYHEBHOLHYBEK
NQRZOH®HT X MQRHEWR X VI/QFO DRPFD XV DQG
$QGHFRQRMLKEH RO VIRL JK O LZKWAD X VDQI H U HC
QHFHVVDULO\ D WKRUQ\ WDVN /HW PH HI[S
7KHVHIU RD\GV KR X WKREH W Z RV\SHR/ GD WDK H ¥
H[SHULP IGQWIND® RQ H[S H U LGHI\YEN BGD WIWBIQ
VRPHW EPDH\B BGH U Y DADMWR [GHIQ L P HEDMDBER O O -
LOQRPHWKDRUIWM ODERUBWWR UYUR Q,RHQOWUD G
H[SHULPMWKQM YV H D SBKHNL FIL 5\W WY QVESHI R F HW Y
UHFRUGHEBR U B LU F YORVE W TSLDQMD. NVHK L QN KWAR F
VFLHQBXWVRHDVLELGIMQFRY®UPRUREMHF'
DOWKRMWPRUFRPPRIRIVKEQRQPMKADVHDPSC
LQFOXMKHRUHIJRGHGDEG[SHULPHQKAB$1 KHD
LQV XU BIQFHIU L PM IQMYOIES[ S H U L FPHRQ W P HQW\S L & k



(VWKMNUORLFKDH B P HYLE K LD §H UMHSR K OL V IVQ
PDQ\ RWKHUYV

2EVHUY D VEIDRANXY XD ORO O HWWUIEX XK Y H\QD
UHWURYV &BR\W RBIW KE\ S UR RXWFR\P R W KB/ L C
DFWLYEMIDWDOPDQREVHU Y DWW RGIBHERR O OGIF
DERXMDKAD SSHQHBYWLAIXR S S R WHRR O O HG-DWI B
KDS S HW MRXZ L WAKKLHQUAH D VXMGR IZ H B/ F U D SILWD \E |
SRVVLERBHWREVHUY DGR \FD RO KH[DFPRP HQ)
ZKLFKRPHDFW LRREE X U W4XAY H J D U GROIMAKW P L QW F
UHVHDURE BDVV DWW QVK$U R F H \FWHAD WIKGLD
LW VEHIOHR E V H UY FW LRQ® H V XEDVMMQ RM@® SRV L W
LQWHDPLMAKKHQ Y L U RQ & K Q FKIOHD LWOVG FIRIQ VL G F
H[LWVWLVWHP RVARPPRRURIG D WHKPDWQR X \ZL 8 I
ZRUN ZLWK

(FROQRPALKHW HR@WHV KR XEHS XV S LFRIRRYHOD
IRXQGREVHUY DGIL\R QFEV HU Y DOVLWERD® H ODY
D O P RAAAJ W OLRAMH | O H BVE DY Y DO D W LIRKFV/OOMAG}
YDULDEMHWM GRJHQRKRDEGS HR STKHZ HUMD N L
G HFLVWRKGM R XZHKWEH V WOS X U V XRPIHR [Y® L ODHF L
FRQVWUWDKORK\R VAHH UWW KQQN K FWH DB /G X U |
FRUUHQ@DWKRKMKL GI/Z HVHM KEVR E QHPO HIE
WK$HRWH@WWEFAPRGM W VBPR U U H OLDRU GWE HD
PHDV XRIBFD X VHIE FWXVEBHE DV HRGD FKR LWHK 2 B/
PDGKM)GHSHQRBIMWEKBRWHRWWEFGREEHRWDLGHU
<H WW KIH UQLRP DN LR P AK R LEFBHV IRGZ K BW K W K L D
EHVWKQLWHFHYVVDWERLWVHNRBQS RWH@WWEF G PH\G
FRUUH GRMURIP PR W B O/\WWAR Q G L WHEGRKMNGR U C
WRDLIW DX VIRG XMIVVE O X W OD GIFRQRWHRUD \
FKRLFBIWHHQGRJHQB®®@VKH UHVR Q AWK HD U HW F
F R U U H ODRNW. RIFKRVKIR L PH)VR X W F RIPGVNKIMI J U H .
ZLOO UDIUMYMHBUHVHQWIBFRMDXVDO HI

1RZZHDUMHHULQWRUHD@GM SLVWH P REHRQIW
FDXWIBFWYYROQYNS® L EEQXYWYO WRI T X IDISHNJ W |
NLQRIEHODER XWKER URIV F L HQ W& UW\E \LEQD®D O X
UH V H DUHTHW K DNE 1© L HW KIDWWP R UIHP S R W B BR X
ZRURR U U HW IDARYV D Q ® F K L HOYFHH U WRDX\@ F R A HJ



FRQILUPEDNYRQ W VML \WQED®YQMHITLKMAQGDYV
RIVFLHQWQRZO D&MW L H QRHLWIKIR G R GRY WA VH Q
G R) RAAR O GMIFG\H QR W GWMRU R X K DWK B D QMR HV UK
ZKDWRVKHUQWREHOLHXIBWD IRURIGHFHSWD
PDQLS X OFCD/OLGRY)RB S D J D& HUR S D J D QWROWF L H (
5D W K\HALL H QPMIWIKIR G RDBRE HN Y FRIMR U P LDBD U W |
NLQRI EHOLGIFLHQWHWKRGR@RJIQRY WRDFF}I
XQH[SHFWHG DQG VRPHWLPHV XQGHVLUD
R UL H QQ\RHRGX W F FRRUH. H Q/QHEGL W KW X WY BIO X FIIV X \
PHWKRGRORJLHVY DUH DOVR QRW EHOLHYLC

([DPSOH ,GHQWLI\LQJ 3ULFH (ODVWLI
20HRIWKHRUQHUVRNRBQUHAWVO MWHWKFR G R O RHIR.SFIML

DQDOA\WL\WPSLUDPD®\VRND KXV IR IG D WR/HD
WKHRWIRVWLPDWEDW LERRQWZNBQ L D E IOHHMUIMAM
LOFRQGXFINQBAPSLUIHFRDR MLFDO\WVYWKHEDU
IRUPXORMKRQHVWHRRXOGNBRQVZHWRPHDV}
ZHZRX®EMHEHYHORBWHBVWR UPBPR QRP RB MK
GHVFURBWXH P D WEHRDQIM QD W LIRHKWIXYRSB U R F
RIL QW HUKIRARR G HIDUMD O X R B® RD BAJK B R VB V F |
WKHKHQRPHRD QWH WH\VGRDNHID O VLI L BVEH/M
SUH G L F$VI(RHG/L EWM R QI LLOR/RH ZWBIF D § YOX DDV

SRWHQWHFMW KU HG LEMVER /PP REOWKMHDPH?Z
ZLWKLFEZAHGHVFULKHHODWLR M WHQ W H U HQ@WW*

LQWXLWLRQ IRU RXU UHVXOWV DQG WKH
$1WHEMK D YWS H F LDIPHRG H DHW X UWWQ & IRDIWFD O (H
HFRQRPRWGHE LD @HH VWL PG WHFEWED V2 |
FOHIDW XHLPPHGLDBWAHW HJD UWKIBIQ FW LR QP
W KHR G HROK R 2V B H V FHWW.EHH O D W L R QWKRHDSM. DEK
DUHQWH UHMWKHEG B QKT X D WERRW K PSR U WAD\QW/
KRZHZLGEBIZOWIK UL DE RBN ERB/L U HEWIDD VR (
R E V H UF\F\GKUWHH V H D UFEWVHK B BVQ GERHA/H D V X Y H @\H (
EXW ZKLFK SOD\ DQ LPSRUWDQW UROH LQ
$ JH Q H U LLFPCBARANWMFD@MU LVE R XKLQREH U V WRDIFEEX
LQIHUHYWVFKBIRWRRQ P S D U IVW/IDWEIRFPS D U DAMMDy



DUWKHRUBWYFDORWLIROMIE F\WR QW DZ QWM KL
PRGHEHWL QORBFRPSDUNWDWHIBI® ZDAD V HREW k
LGHROFHW H U L V2 B FDIEEOXWR Q V W:IX®IVWZ HD UW U \ M
GHVF W KD X VIIBFRRW RPHQW H U Y R VRQZGIB
DOZDDV VX P WXIYVWKAHW KUIHHUO H Y D Q WDIEQY KRR G 1D
QRMKDQJLIWKHEH UMD QJL YK MXERXEE RUUH

ZLWK WKH YDULDEOH RI LQWHUHVW DQ6 L
7RLOWNKBWKH 8 HO N\EHJLDLWKEDVHFRQRPRE |
VXSSDOGHPDQG XUQLXEQ® KSIUREOHWY HD W
HVWLPDMWL®ULFODVWRIFEMRD QEROLF\ PDING®
EXVLQPNEDJHKWDW B QD W XQDAOH UGDHD U QUKL L
HODVWIGFHMD GBFDX\VHR Z LGV D E CLHANRWR D [LP |
SURIDY®RYHUQPWRMRRREWLWDODWQ GKHW KV
UHVWXDFANY OW R J HWHFNWIO @ % XWKSURE Q@
W K DNG R RRAE V H G HIRDG X U YENF D YGHP D B)XGU YTHU
WKHRURBR\RGRUWS HFL | LFOFHORDOBUYWFROO+
RISDLGSHRWH R WW B RPIBVLEFEETGXDQWHREVHSYE
DQEX0OWHWK\L O L ¥ DIBX® RWKS-R W H © WILEPEDS R W H
TXDQWDRWRWXHQWGEGHRD @& U Y2H) OF \ W U D RDQN +
SRWHRWIWHRDORQEHPDGFRUFIDIHFDOFXWE
HODVWLFLW\

7RVH HV K E® V L GVHALWD S KULRPKL O IUS. MHB B H QG
>:ULJKW@ZKLRZKH I®L0V F X @V H D &/HHWDD \Y HUX U F
7KH ULIFE DV \RIGH R\D Q B/ KUHD R ISRH U F H QR/KIDJHILF
TXDQ WISV FRHID VL Q JEOHP D B & U Y<H WZ K H @/ K HIJU
VKLLAKS IQGHPD@EHTXHRAKD QWQWUY LEBIL
HPHUJHXLVWRKD W O®!F MWK KGIH P D @ & U YDOHR W |
VXSSEXUY,IDFWRQQHPMWKSRIL GQRHYR WH | OBI@
PHDQLQJIXO RU XVHIXO REMHFW



Q Q, Q X
JLIXWW ULMWYDSKLFDO GHPRQVWUDWLRQ RI W/

JLIXUH TWRBKW 3 7KHDULII RQ $QLIFPDHOWDEG K-
ODFPLOODQ &RPSDQ\

7TKHSULHI® DV WLUG6 HWDGL W KWR O X WIRRKIHR O O F
HTXDWLRQ

G_ ologQ
~ dlogP

% XMQWKHVMD P S Q/HKAFHKQJH @G LMM[RIJHQRRW Q VW L
KRO®M SOLNH® KSU L FRIR W KHRR QV[HGQFRPHH
SUHIHUHIGIFSH Q@ SKRWWYHBQBRR Q, QRUGW B VW L
WKSIULFHI®DVWLUEEWDGZHQHHBKD QJH®B WK DW
FRPSOHDVGIGA\W W H@ORHQ G RQWK IR W K HHU DIRW |
GHWHUPLRIDRSSDO ®WKRWKGEHWH U P LR) B @ WV
2WKHUZHYHWK L V@Y W KIS SOEHP D Q& L FRUHEC



QHBDURIGD WRDKLMPR\FRUUHEBWLIZR®QG ZLQE
EH D PHDVXUH RI WKH HODVWLFLW\ RI GHF
7 K HS UR E @ MAPK IV\WHHO D V W \LFQL\R § R U R/EDND AUFQNE -
QHHWER QRIZVD Q & K H U HZIFRQUHIHVE R R OW K & & E O H6FF
JLYHQ WKLV WKHRUHWLFDO REMHFW ZH P
DWVWDURLQWISRVVIHHOASRBMHFRQRPRRG
ZRXOG EH D OLQHDU GHPDQG IXQFWLRQ

logQy=a +dlogP+yX+u

ZKHUHYV WKH LQWW KRGS WHE IGHRD.Q G \DP D WR
IDFWRBKBWW HUB HOE®GO L NWKS$IU L FRIR W KRR GRV
LQFRP H W KR HIF L R QMWKUHH O D W LER-QWVKHL D@ G

DQKLY WKH HUURU WHUP
)RUH VKD GW KRRQ WRH\Y MR N/[ W DSHOQ H VBZWR K L @/
HVW L SDWHE D V \R IGFHRD QIGU Y WQ H HEX P HUB R YR/
GDWBULFETXDQWHWR ZGEQHHEW KD U L D\BIUR
LGXUMILOQBDWBWEHLQGHSHQ XH QWD O &N MGR(
L QG H S HQIS[HRQ A9 HILW/K FERWZKIF D Q QRMF RW KU L
HODVWIGHRD @® ® KHUHIGBHFLW. RDWT X WK
LQIRUPDWLRQ ZLOO EH EDVHG RQ VWDEV

&RQBXVLRAQ

7KLERN.\DQ QW UR GWBW Y R QGH\KL KB V@ HF R
FDXWIBFWMKWXDWRBRUWDLGWRY LA M\ VKD Q G\
SUDFWLIRFSOHPHIQNE HV L J,®BOHPHQWKEIGH V L
PHD QA L WARGHQ/ RP M \SRIVRIWZDKBYHKRV MW
L O O X WWKUHIVHWL XYV VZRR S X OB IW ZDLIGI] X DEMAT
PRVWRPPRQUHEB\HFRQRPDOWVPRWRPPRQOY}
E\ HYHU\RQH HOVH
7KHERRMARQW DX®W UR RS L UK F-DUOF LL\DHOVX V MY E
6WDWQG SURJUDMPHVH[HUFLNUBMLWKHEBXOL
Z KL BR QINMHHI W H GDBOW [H U F IWVHHNK LH[MH GO &
7KHG BV D H @& R W KGIIHWK® YEH HRD G B Y D L OV BROE
*LWKXEHWDMWDPS@HE R ZQ OIR D)XEWX DIDWI KHN R



WKH SURJUDRVLQJWKHIROORZLRRPPDQGXV
JLWKXE FRP VEFXQQLQJ PL[WB)SH 156DZ 'FEC
ZKHUHMS$)$/(1$0( '3 LV WKH QDPH RI D SDU!
YRGB XVHWWADVRPHRK LH U HSQMR F MAR/R [EG WLDD
PHPRUQD QHIRWR UDR JBQEOHWEHRGH\ VW XG
+XJBDQW Y $mM@M@ UJVDEUHD Y HK® FWALR QP S QW
GDWIRZQOKDBFHAMW VVSDUWDYV HED OUP UF\D O
KDYHXLREMSDFNDRBRYHD GE&QWAID HVY H RG 8D V
R@V MR IFRP P D QGRBWH WX F VWMLKREANN B IE® Z Q C
WKH GDWD GLUHFWO\ IURP *LWKXE
6RPHHDGHRDAQRBHIDP L OALDWK W R WD RUB E X
QRQHWKHEIOHVRR O OIRZR Q HQ FR X URXM K V HV K
RS SR U WXEDLWHOM DQUR Q R E R VR KV K HOYBIQ J X D, W
EH\R Q\KWFR FHWKERNVEBURYDGHY W U R G B\ E
ODQJXIEDHR UW X QDRHELOBIXPHUBRKVRXREOBYR
LQVW RKAH VWRBKRD Y UL WH[E H O DY WR G
BWDWWKWWSY FEHHEGX *6WDW GREV 6WDW
SRSXODPRQPLFURHFRQ PRALMWYH® K P R X QR
FRDXWKRQYRAYPIKGHHORQRBHNHDD®GXUJXP
FRX©KBPDGHULQY H VIWYLWR © HROUWD\E L OLRAR O BiV
FRRUGLGDWERBHW ZNR)XD QSRWH G RLBDW KXW
GRZQVW®&M DM K DMAS UR S U LIMGVEDXUARMHSX U F K D
$QGRWVWRPISHRSOMPW\VLPSONWRRLRIDEDUUI
HVSHFLPD@\R P HP ZD\Q WW ERIO DRORILIMWKER R B
RQNHRW KK GWRSHQ V RXQMEHEK W R IRR@MDWA F D
EH IRXQGDW KWWSV _FUDQ U SURMHEW
UGHEXWYV BBH@ESIE DR W UR GW RIWG\RGQI UAKH. ALKUX V F
WKURXJKWKWS5 SURJUDPPLRDIQ EH IRXQGD
KWWSV U GV &DGWKRERY 8 H DEBUAR X OG NEHZ H
ZRUWK \RXU WLPH
3HUKDR YD O UHNDGRYZ D Q D QMR H DAUAD WS H U K
\R XN Q R&W DIWIDZ D QMR H DBU DK HW KE R RIMD \E KK H O !
EHFD XMW KAD\L @KL FER WK \RYF R GIHUSIX MY H T X H
W RFFRP S Q\LKMD P IE DIVFW D V 86 W L WAKK B /LIG@P D Q
VLWXD\WORGKRKDKWUIPHEHWW HFRQFHOXOW



https://fmwww.bc.edu/GStat/docs/StataIntro.pdf
https://cran.r-project.org/doc/contrib/Paradis-rdebuts_en.pdf
https://r4ds.had.co.nz/

6WDDYE ,ZD\)RMO Z\IDE HR R/ R8O W L P B W BINTE
DUELHUHQWJUDPO@IDXID JWKDRPHWLPE @ LH U |
UHVXBKMAD XR HG LH UWRS W L P L]5 WRRHG RUWLVP
EHFDXWHKS$URJUDRWX L\OW. J GWHONH QW OK D \E H F
GLVFX\RFHVA R Q D@ O W LLRDKHLMDKX W KIRW W FAPESHAI
X Q G H U \AMDESF R XIRWAKGLH U LLCHIV X,2\B \Q RI\O Z [
DEOWMRXOOMFRQG LKDUHHQWW X O ®& R, RIH W KW Z
SURJUDPAVWLPSDOWWUDIBSURDFRXDUKOWLF
UHVSRQNRUIEDMWKRIGRQRXRZXVLEALWRBQJ X
IRURXUHVHDUGHKDNMWRRXXOWLPIWBGWH U VW
PHWKRGBVWLPBWRBHG R QM DAIQMES DY W® | W :
DQG SDFNDJH
JOFRQFOXWLLRRSIDD GD @IV V RF LDNMM RZ®RD U L T
PLIKBAHV XJJHV\RLY AD X VBIG F\&EX WD O VAR J KQ\R
&R U U H ODRHMVEE VG D X VD WQREWD VV X P S VKIRR
% H | RUH W OBW \WJ LLQMYRFD X VIDHON K R G R @ R HLPHAK-
W KR X,JKH HM'ER DG RZRIR X Q G DMALR QWD QW HEVU H'
PRGHOLQJ %XFNOH XS 7KLV LV JRLQJ WR

1RWHYV

_ *RR ORQJ GLGQTW UHDG

_ 5LONH VDLG \RX VKRXOG TXLW ZULWLQJ SRHYV
OLYLQJ ZLWKRXW LW >5LONH @ , FRXY®RG, WK
DGYLFH DQG TXLW ZKHQHUBUWHQJIRXQG HFRQRP
5LONH DQG DVNHG P\VHOI LI , FRXOG OLYH ZLWEk
RU ZRXOGQIW2, ZDVQIW VXUH ZKLFK 6R , VWXF
_, GHFLGHG WR ZULWH WKLV ERRN IRU RQH VL
PDUNHW KDG SURYLGHG WKH ERRN WKDW , QHH(
ERRN IRU P\ VWXGHQWY DQG PH VR WKDW ZHYG
LV P\ EHRWWHMWR H[SODLQ FDXVDO LQIHUHQFH W
H[SODLQ FDXVDO LQIHUHQFH WR P\VHOI WKHQ ,
WRR 1RW WKLQNLQJ WKH ERRN ZRXOG KDYH PX
SRVWHG LW WR P\ ZHEVLWH D Q@ MRDHDYHRSIOSU
OHDUQ WKDW VR PDQ\ SHRSOH IRXQG WKH ERRN
_ $OWKRXJK $QJULVW DQG 3LVFKNH > @ SUR®
IURP GR]JHQV RI SDSHUV , ILQG WKDW VWXGHQW
WKURXJKYV DQG UHSOLFDWLRQV IRU WKHVH LGHI



_ WLV QRW WKH RQO\ FRUQHUVWRQH RU HYH
FRUQHUVWRQH EXW HPSLULFDO DQDO\VLV KDV
VFLHQWLILF ZRUN

_ RX FDQ DOVR REWDLQ D VWDUWLQJ SRLQW IF
LOQWXLWLYH DQG OHVV IRUPDO UHDVRQLQJ SURF
DQG GHGXFWLYH PHWKRGYV

_ 6FLHQWLILF PRGHOV EH WKH\ HFRQRPLF RQF
UHDOLVWLF UHSUHVHQWDWLRQV RI WKH ZRUOG
*HRUJH % R[] WKH VWDWLVWLFLDQ RQFH TXLSSH
VRPH DUH XVHIX® X\$HPRCGOIOYYV LV LWV DELOLW\
DERXW WKH ZRUOG 1R PRUH DQG QR OHVYV

_ 2QH RI WKH WKLQINWHBIOLWBIEMRRPHYV XS Ul
WKLV ERRN LV WKH LGHD RI FRYDULDWH EDODQ
HIFHSW IRU WKH PRYHPHQW RI RQH YDULDEOH
VLGHV RI WKW KKDQILIDEOHHOXH 7KXVFHEWHQ LAH/
ZH DUH LPSOLFLWO\ LQYRNLQJ FRYDULDWH EDO
XQREVHUYDEOH FRYDULDWHYV

_ ORUH RQ WKH HUURU WHUP ODWHU

___ 7KLV zZzDV GRQH VROHO\ IRU DHVWKHWLF UHL
WRR ORQJ IRU WKH PDUJLQV RI WKH ERRN RWKH



