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. > FmjzZ\evh\ H < FhNaeb\dggy jeaih”e
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ijhi_~_\lbdb i_~bZzZljbb HA*_kkdh]h gZpbhgZevgh]h f_~*
mgb\_jkbl_IZz

GZre Z\lhjb
:enZ\elgbc ihdz gbd



,661 Gh\slge dhfifxl_¢gheh]-€ L:o,

&RQWHQWYV

62 6HPHUBMNRSWULX®ORYIDNSDVKHYVND
<X9 <HFKNDPRQ ZLWK D FRPSXWHU IDFH WR WKH
,YDQ (GZDUG 6XWKHUODQG

&RPSXWIHAXOD®GRKEDWLRQ
91 6RORYIOHYLUR2RY <DUPR®YND\VRIQLWLYH
WUDMHFWRULHV E\ PHWKRGV Rl WKH WKHRU\ RI
/ 9 %RGQOWIRGQDWRQFKHRWN ZLWK %LJ'DWD LQ
KXPDQLW\
., $ .RWRY ' 0 'XMBWKRQRRRJLFDO VXSSRUW RI
DUWLILFLDO LQW H O GKILIHKQWFHK W R 6 ¥ GRRID R/.KLH ¥ D\DL
NQRZOHGJH XQLILFDWLRQ

<H %REULYQ\N 6 9 +U\ENRYLJQ<KRGHKR RJRE!
VXEMHRWR RQHPUPDWILRVH¥KOERD®W DQG WHFKQRC
GLVFLSOLQHYV
H F +RVWU\N : 6 ZHERXNMDRRWWARBWRDFKHY WR
GHYHORSLQJ DQ DSSOLHG H[SHUW V\VWHP
$ ' OXUDYORY 2 ORGHOIOQNIRQ WKH PHFKDQLFD
GLVWULEXWLRQ RQ WKH YLEUDWLQJ PDFKLQHVY
9 9 .RURBGIRRHWULF LQWHUSUHWDWLRQ RI QXPH
9 9 .RURBOWNWRBHDU TXDGUDWXUH DQG FXEDW
LQWHUSUHWDWLRQ RI QXPHULFDO VHULHV E\ PH
0 $ .LVORYD . OHWIK\R@BRRDDSSOLFDWLRQ RI PD\
PRGHOV LQ IXWXUH SRO\VJUDSKLVWVY OHDUQLQJ
+ % 'DQ\GVWKXR)IRUPDWLRQ WHFKQRORJLHV LQ V
Rl WKH EORFNPOWKHRRIRPLFDO PRGHOLQJ HFRQFR
VWXGHQWYV RI WKH VSHFLDOW\ 3(FRQRPLFV’
6 9 6KRNDOLXNO ,960BRLYWMREHNR.QJ D LQIRUPDW
OHVVRQ E\ IXWXUH WHDFKHUYV
$ , 6RORKKEWLYH HGXFDWLRQ LV D UHTXLUHPH
< 0 1RVNR 2 HSVSKFWWRLFEIHDYLIQUHSULPDU\
HGXFDWLRQ

,QIRUPDWLRQ DQG &RPPXQLFDWLRQ 7HFKQRORJ\
0 3 6K\WWRKHQDVH RI WKH FORWGSWRIBWOWRBOIRILHYV
HGXFDWLRQDO UHVHDUFK LQ WKH RSHQ VFLHQFF
0 9 3R3IRLHU %, DV D WRRO IRU SURFHVVLQJ RX
TXDOLWDWLYH UHVHDUFK UHVXOWYV



&RQWHQWYV

$ $ .RVROIDSFORSPHQW RI PRELOH LQWHOOHFW)
/HDUQLQJ 6WWHRQLRILROIGWRIYWLQJ RI NQRZOHG
2 3 %ULWDYVND , , 'RQFKHY 1 9 %RQGDUHQ
$9 2SDUIHDWXUHV RI FRPSXWHU WHVWLQJ NQRZC
<X $ OHOQUFKHO@RIRPHQW RI HOHFWURQLF HGXFI
PDWKHPDWKLH &RDOF HQYLURQPHQW IRU DXWRP
+ 9 7NDEFWXINQL]DWLRQ RI WKH FXUUHQW VWXGH
XVLQJ WKH RQOLQH VHUYLFH .DKRRW

2 , 3XUVN\ 2 $ .KDUFKH®WRYJ UHFRARKQGHU
VIVWHPV RQ WKHKEQWLYHDIURLQJ PHWKRGV LQ W
WUDGH WHDFKLQJ

9 9 BRORYLRYMDWLRQ WHFKQRORJLHV DV D IDF\
SURVSHFWLYH VSHFLDOLVWY LQ WKH ILHOG RI D
< 9 7WREHUQ WUHQGV LQ VWHWMKR B YHIDRSG RHRRD Y
VROYLQJ RSWLPL]DWLRQ SUREOHPV

9 % +RWVNLQD $RO¥YLQURPEMGIDU SURJUDPPLQ.
WKH 0$7/$% DQG 3)LQGLQRORNWALRID ([FPI®G E\ H[DP
SUREOHP ZLWK PL[HG FRQVWUDLQWYV

9 9 7NDFKXN <X (GXRBWKRROR SRUWDO IRU VW
VSHFLDO HGXFDWLRQDO QHHGYV

$ 0 +RUOR ,$6DBMIVDULZHEVLWH GHVLJQ IRU S
EOLQGQHVV

2 6 .RYDHO/RMORSPHQW IRVXIHEH IRU QHZV VHDUF
, 9 /RYLDQRYD 7 6 $UPDVK ' < %REW\HY $
ORRGOH VI\VWHP DV D WUDLQLQJ WRRO IRU VSHF
7 9 +UXGWHRRD HOHPHQWY Rl WKH PRELOH LQIR!
HGXFDWLRQDO HQYLURQEHAQW ILIR WKH ¢ W WX\GRIQ
. * &KRUQREDL / ,PBRREPPHQWRRI SURIHVVLR!
RI IXWXUH VSHFLDOLVWYV SK\VLFDO DQG WHFKQL
ELOLQJXDO FRXUVHV LQ SK\VLFV

9 / %X3NRMHFW DFWLY LW HPWH Q WIHBG & FRIWLFRSQ
LQ WKH VWXG\ RI SK\VLFV

6 0 6\POHWKRGV RI IRUPDWLRQ RI SXSLOVY FRQ
RI 67(0 HGXFDWLRQ RQ WKH H[DPSOH RI WHDFKL
JHRPHWU\

7 9 3U\GPBIOBDIPHQWDW HRQ FRIOAHREDQNVYV LQ
PDWKHPDWLFV OHVVRQV ZLWK WXWMWLPIRI UHDO
FXUULFXOXP OLQHV

1 $ .KDUDG]MDQ 3UREIDNRWLNIDWHP GHVLJQ IRL
WKLQNLQJ GHYHORSPHQW RI VHFRQGDU\ DQG KL
FODVVHYV



,661 Gh\slge dhfifxl_¢gheh]-€ L:o,

3 9 =DJRURGNR ,2' 00 RBWHSRMPLENYLFH WR SUR
WKH SUHPLVHV IURP XQDXWKRUL]JHG DFFHVYV

2 <X 9DVV\OLHY 2 (OHEWKRMQEXMDUNLQJ V\VWHF
PRQLWRULQJ

9 $ 5DNBRPHKDVSHFWV Rl OHDDPRRQJIJWRMK JDPH
IXWXUH VRIWZDUH HQJLQHHUV

2 , +ROXE 1 9 ORLVHLHQN®&Q$HBO.K@PLMH E\U\f
SURMHFWYVY LQ D FRXUVH 3*HYHORSPHQW RI FRPS
2 9 9LNKURYD 0 $ 6O0LXVBRRSGNWHU @DWKGIRO!
6\WWHPVYLDXDOL]DWLRQ WRRO LQ WKH FRXUVH R
, 6 'HUH]D 2 ®8BVLDRRYPHR*HEUD GXULQJ OHDU
©7KH GHULYDWLYH DQG LWV DSSOLFDWLRQV?a

2 $ OXNRVIXWBSRDQ 8QLRQ FRXQWULHV DW FRP
9 0 %D]XULQ <H $ 2PHOBRRSBRUDWLY.RRDWQROOQ\V
GHYHORSPHQW HQYLURQPHQWY RQ 3\WKRQ ODQ.
2 , 2UGDQRYVND . 9, GIRRRIP\DKFIKRH@® WRHFKQRORJ
HGXFDWLRQ SUREOHPV FXUUHQW VWDWH SUDF
1 $ MINQD ( $ .DODVKQLNRS\DH ®RI 1 Q.DRNDPDKVNLLR,
WHFKQRORJLHV LQ WKH WHDFKLQJ RI VWXGHQW\
3URSDHGHXWLFV RI 3HGLDWULFV DW 2GHVVD 1D\

2XU DXWKRUYV
,QGHJ



<b~Zlge sgnhjfzibdb

Ex"bgZ a dhfifxl_jgbf h[ebqgqyf
Ah o jeqqy :c\_gZ ?M\Zj"Z KZa_je _g°Z

K_j]l*c He_dkech\bqg K_f_jedh\
DZn_"jZ «gnhjfZlbdb 1Z ijbdez”~gh€ fZl_fZIbdl
Djb\hjeavdbc ~_j Z\gbc i_~Z]h]legqgbc mge\_jkb
ij =Z]ZjegZ f Djb\bc J-] Mdjz€gZz
VHPHULNPRERP
:g”jec FbdheZch\bq BIZxdji§Zg\gZ Keh\zd
GZIZegkbee\gZ JZr_ YerdZ<heh”bfbje\gZ /qdZeh
DzZn_7jz fh*_ex\ZggyflghiphgzZ[_ai_agZggy‘'jZ \bsh€
fZl_fzIddbzZn_~jZ neakkdbA ©Djb\hjeavdbc gZpehgZe:
mge\_jkbl_I3<\Ndesy FZImk_\bqZ f Djb\bc Je]
D Q G QHW ULAXADE R PV O R#IIVNESF MR XHXQ D O V
QYU #JP DL FIRIPHIPIONR P

:ghlZpeyM klZlle gZ\_~_gh hkgh\ge_\egbefbPrgdh€h
[*h]jZne€ :c\_gZ ?™M\Zj"Z KZa_je_g"Z I|IhdZazZgh \ieb)
jha\blhd ch]l]h ~hkee”"gbpvdbo dhfi | _glghkl ¢ gzZ\_
[*h]jZnegqge nZdIb sh ihykgxxleh]hh@Zmdh\bo «gl_j_ k-
"bgzZfeqgbo h[Njdlglih\Zgbo ]jZneggbo kbkl_f qgq_j_a
\ejlmZevgh€ j Zevghkle *h Zkbgojhggh€ eh]edb

Dexgh\e kehl@\ g ?"\Zj» KZab6NHWFK\SD@BZevgZ
j_Zevgeklv ZkbgojhggZ eh]edZz

6 2 6HPHULISR)Y 6WULXN, 60RYDN 5DVKHYVND
<X9 <HFKNB®RQ ZLWK D FRPSXWHU IDFH WR WKI
.YDQ (GZDUG 6XWKHUODQG

$EVWUIDKAFWDUWLFOH SUHVHQWY WKH PDLQ PL
WHFKQRORJ\ ELRJUD SKWRIHYORQYG ZDKHKE LQ IO XHC
DQG WKH VFKRRO RQ WKH GHYHORSPHQW RI LWV
OLWWRHQ ELRJUDSKLFDO IDFWV H[SODLQLQJ W
LQWHUHVWYV LV SUHVHQWHGH QUWRFG GI\DEDFPHUFR REM
VA\VWHPV RI YLUWXDO UHDOLW\ WR DV\QFKURQR?

.H\ZRUGWYDQ (GZDUG 6XWKHUODQG 6NHWFK
DVI\QFKURQRXV FLUFXLWV

$IILOLDWISPQWPHQW Rl &RPSXWHU 6FLHQFH D
LU\Y\L 5LK 6WDWHSQHGWURIUWRDO *DJDWLE $YH

S8NUDLQH

'HSDUWPHQW RI VLPXODW LHRSD UDAQRGH QWAR | \R Z D

PDWKHPDWHENUWPHQW RB,SK\®LFW\L 5LK 1DW



,661 Gh\elge dhfifxl_jge | _ogheh]«£€ L;9,

8QLYHUVLW\? 9LWDO\\ ODWXVHY\FK 6WU LUNLY
(PDLO VHPHULNFQY#JFDD;]_@VMRLP\J(F?\DEEP
V O R#IVNSF M R XHHXQQ DWW #JP D DOOERPIPONR P

:c\_g ?™M\zZj» KZa_je_g*n ,YDQ (GZDUG 6XWK'l

ljZ\gy j mf =Zkleg]k rlzZl G_J[jZzkdZ KR: Ch
Ahdlhjhf neehiBKne®a pbleevgh€ g g HréleeXgiAlb
mqgbl_e_ f e« p_ kijbyeh jhalbldm e<gl_j_km ~h gZ\qZ¢
kizjrhlh [jzlZz ;_jlz :LOOLDP 5REHUW %HUW 6XWI

Chlh i_jrbf dhfifxl_jhf [m\ BLRReE) cgbc
_e_dljhf_ozgddhpdgtficxl _j klI\hj_gbf_Pdes (GPXQG &DC
%HUNHOH\ ljbagZq_gbc kdhjer_ "ey dA§&Z&ZpekE

dhgp_ip*€ pbnjh\bo HgbR& @w_ f¢] [mIb \bdhjbklZg
jha\fyazZzggy kdjevdbagZqgbo aZz~Zq q_j_a ZiZjZlge h

tj_}Kb 1Z :El a[_j*]Zeb ebr_ [eIb

tdhjbklim\zZq fe] \bdhjbklh\m\ZIb ~ey \\_" _ggy "Zq
deZ\er gZ i_j_"gecCc iZg_e-

tj_amevlZl \erh[jZ Z\ky aZ "“hihfh]hx ifylb eZfi

Ijh]ljZzfb 6LPRQ \bdhgm\Zebky aes klZg”~Zjlgh€ iZi
ifylvfz jyrdzfpo\hMNehy *Zgbo |_jnhkljegdZ kem]m\ZeZ |
\\_~_ggy ~Zgbo Ze_ « yd iZffylv "ey Bbfifkdggy-ljb}
\bdhgm\Zlb ghlbjb hi_jZpe€ ~h”~Z\Zggy aZi_j _q_gg
Lhfm i_jrzZz \_ebdz dhfifxl_jgZ ijh]jzfz :c\_gEZRQZe-a
hi_jZpex "~*e_ggy Sh[ ajh[blb ~ee_ggy fh eb\bf \eg
[jZIZ "h~rZ\ ~"h gZ[hjm egkljmdpec 6LPRQ mfhigm ami
azZijhljzfh\zgbc az ~hihfh]hx i_jnhkljeqdb Z Zelhjb
gZc”h\rhx ijhl]jZfhx ydm[mhebibkZeb "@iyp6LPReZ
iZi_jh\Z kljeqdZ "h\"bghx [ebavdh f_lje\

©H”gh]lh ~gy fb afh>_fh gZ\elv fZIb fZe_gvde dhfif
[mMm"bgdZo sh [m~ mlv “b\blbky \e* eegec _e_dl
oheh”bevgbdb Z[h jZ”eh <hgb afh mlv gZ]Z~ZIb
[mMm~»_ \A djb]Zz~"ZIb <hgb afh " mlv jhajZoh\m\ZIb jZom¢
gZ ijb[mlhd Rdheyje a "hfZrgef aZz\*Zggyf afh mlv a\
aZ “hihfhlhx <hgb afh mlv gZ\elv ijh[e]lb 1Z i_j_ e«
fh eb\hkl_c¢c yde gZf ihlje[gh \jZoh\m\ZIlb ijbbajbcgy
jer_gvd k @

M jhpe?:KZa_je_g”™ aZdeggb\ KdZjk”_cevkvdm k
f KdZjk”_ce rlzClgdx
<eNih\ergh ~h \eZkghlh j_axf_ \e~” ebigy jhc

jhpe V' L_ogheh]egghfm egklbImle £Nfgg\ JjskbkvhIhZ oy ]
F_eehgZlelflk[mj] rlZl | _gkbev\iZgey a”h[m\ kimiegyv



<b~Zlge sgnhjfzibdb

tkimiegv fZ]ekljZ m DZeenhjgeckvdhfm |_ogheh]:
flzkz™_gzZ rlZl DZee*nhjgey zRImiegv thpthjZ neehkh
m FZkkZgmk_lkvdhfm |_ogheh]eqfgDfm[jegklbdinZle
FZkkZgmk_I&km NXkemaes _e_dljbggh€ «g ' _g_j*€ > @ |-

ih jed hljbfm\Z\ klbi_g”ex f_ge > hjr"Z <_Kkls
+m 1Z jj £t[m\ i_j fh p_f dhgdmjkm kim”_glkvdbo
jh[*I$PHULKD/QWHWOHFWQUERBWNY BHQIB SHERQWHVW
IRULVWULE®QQHLWEZ a ih jed hljbfm\z\ klbi_
GZpehgZevghlh gZmdAD\WL &RIJPFIRHHD GDMWQLBRZVKLS

Jbk ?27fmg” ; _jdes iByPga@blyn} dhfzZg”bkdjbgjhb
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? KZa_je_g” } ge_ghf :khpeZp+€ h[gbkex\Ze
$VVRFLDWLRQ IRU &RPSXWLQJ ODFKLQHU\ )HO
*g°_g_j*€ 1DWLRQDO $FDGHP\ Rl (QJLQHHULQJ
Zdz"~_fe€ gZzmd KR: OHPEHU 8QLWHGG BRWIRWH § FIHDW
f _jbdZgkvdh€ ZkhpeZpe+€ kijbyggy jha\bldm gZmdb
IRU WKH $GYDQFHPHQW RI 6FLHQFH lgklbImim
_e_dljhgedb £, QYWLWXWH RI (OHFWULFDO DQG (Ot

» ? KZa_je_g” fZyeitkdmk_g-
xfz]ekljz fbkl_pl\ jed =Zj\Zjr*kvdbc mg
f D_f[je"" rlZl FZkkZgmk _Ilk
+~hdlhjZ gZmd jed Mge\_jkbl_| I\g®@qdh€ DZ]j
O+ee rlZl Is\geqgZ DZjheesgZ
+2hdlhjZ neehkhne€ jed Mge\Kjkedll_E dX K | f
rizi Xlz jed Mge\_jkbl Fl_®e&hgZlefilk[mj] rlzl
| _gkbev\iZgey
LZdh  \e*agZq_gbc jy*hf gZ]lhjh”
jedkgZ]lhjh”~Z «f_ge+ A\hjbdegZ GZpehgZevgh€ Zc
IDWLRREMDEOHRAWQJIJLQHHUWRAR U\NZQU G
jedtij fey Kle\ _gZ ? DmgkZ :khpeZpe+€ h[gbkex\
6,**5$3+
jeckij_fey ?2fZgnmd_eyhjzZ \¢(\ ,((((PDQ»HXQRUH
$zDU@Z ichg_jkvdbc \g_khd m jha\blhd gl_jZdlb\gkt
liZneqggbo kbkl_f 1Z \g_khd \ egmhjfZlbggm hk\el
jedcgZ]lhjh~rzZ az e«”_jkl\h ihq_KFhESHMWHUERU
&RPSXWHURERBUOWBIUBBPGHBYRUS
jectij_fey Lvxjeg]Z :khpeZpe<€ h[gbkex$&BOgh€ |
7TXUIbUu@z eggh\zZpecgbc » "Ze_dh]ey”®gbc \g_khd -
ljZnedb ihgbgZxgb a« 6NHWFKSDG IZ ijh~h\"mxqb ~.
jedt gZ]hjh”Z m ]Zemae ijh]jZfgbo kbkl_f
h[gbkex\Zevgh€ $&OEHRBN BDVWIHADUGZ 6NHWFKSDG
jedtgZ]lhjh”Z i_jrhijhoe?py \e» Nhg”m _e_dljhgc
(OHFWWR@QWRXHG )W BRRQ$ADW G
jedt gZ]lhjh~Z iehg_jZ \ejlmZevgh€ j_Zevghkle
jbk
jedt k_jlbnedZl ©AZ aZkem]b? 1gklbluD @ NNDjZQ
, QVWIL WHKUWMALRUGEBDWIHE Z1hjhrZ 3ULFH :DWHUKRXVFE
“"h%lg_ggy \ ]Zemae+ e+gnhjfZpecgbo |_ogheh]ec 3
,QIRUPDWLRQ 7THFKQRORJ\ /HDGHUVKLS $ZDUG IF
jedt f_"Zev >"hgZ nhg G_c¢{ZOZ((*RK®RRQ
IHXPDOH@E D O
jedt ihg_kgbc ge_g Fma_x dhfifx| &R RS XWIHh e



<b~Zlge sgnhjfzibdb

+LVVWORXYHXPOORZS' 6NHWFKSDG « \g_khd m dhfi{xl_
[Z hk\elm

jedt ij_fey DehlARWRUL]HNn dZzZIl_]hje€ i_j_"~h\
I_ogheh]ec egnhjfZlibdz aZ i*hg_jkvde ~hkyl]g_g
dhfifxl_jgh€ ]jZnedb 1Z «gl_jZdkedbagbdkg!l_jn

jedt m\_~ gbc “h GZpehgZevgh]h AZem keZ\b
\erh[jZ  _ggy \*dhg reyohf>\-@k-_Zggy

"

Jbk :( KZa_je_g” ijbcfz} gz]hjh~m ishg jZ \¢jimZev
\eA &\EHU(GJH

Jbk :?KZa_je g™ caf "ZedWhij fe€ D
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la g_ih\ghlh i_j_eedm?dgcZ&jiheé_g~Z shgZcf_gr_ m
\eragZqg_gh 6NHWFKSDG ©?Ix"gb &R E RN [W WP Qc
©Jh[Hlj_keyj&x gZc[eevr \e"hfZ |jZggy |j_ZecaZpey \s
j_Zevghkle 1Z h™glzdzddg$' kbkl_f kliVhjmgpxfdZo ch]lh
Ahdlhjkvdh€ ~"bk_jlZpe€ i" d? R\ghhlgEf RODXGH (O
6KDQQRQ

GZ |lhc qZk "ey ijh_dInmh\elghgthlo\h6i$e&( [meb
ihlje[ge r\b~rde dhfifxl_jb a fh eb\hklyfb ]jZneggh]h
\b\_~_ggy K\leleh\_i_jh [mébgWicpeglevel ijh_dim 6%
Ze_ dhfifxl_jge ~bkie_€ aZebrZebkv ]jm[hx Z~"ZilZ
Hkgh\gbc dhfifxl_j ijh_dIm 7; aZ\_jr_gbc m ihp
ih\geklx ljZzgabklhjgbf Ze_ ¢ fz\ fzZzkb\ ijbkljh€\ "e
\b\_~_ggy \ j_"Dbfe j_Z&nmghkhebeh\_ i_jh [eligeead
i_j_fbdZge\ yde fh'gZ [meh ijhl_kIm\ZIb pbnjh\e jr
fedjhnhg 1Z ~"bgzfedb Ch]h ]jZneqggbc “bkie_c [m\ ~
ijbkljh}f ijyfh]lh “hklmim ea jha“eevghk a*Zbgikklae\
gZ AxtEfeG_ ~bl\gh sh klbmMmkgddbdb \bdhjbkliZeb 7;
ieZlnhjfm ~ey kl\hj_ggy i_jrbioo7 L #DERHj ORXVH LQ
OD]JH 63DFHZDU

>bk_jlzpeyKZa_je_g™Z gZ a*“h[mlly gZmdh\h]h kln
neehkhne€ hljbfZezZz gZa\mex@dpiZghdg ]jZneqgZ
dhfmgedZpecgZ kKbk@6RHWFKSDG fh _ \b]Jey~ZIb h
ijhljzfhx ~ey fZex\Zggy a kvh]h~gergvh€ i_jki_dlb\
ih~s[gh]lh ~h gvh]h ijhklh g_ [meh G6NHWFKSDG \i¢
\az}fh”«€ ex”bgb a dhfifxl_jhf Lzd Zddb\ig j_"][-
\bdhjbklZzggy k\eleh\h]h i_jz *ey fZex\Zggy I1Z2 f
ljZneqgbfb h[f}dIZfb 6NHWFKSDG fe] ijbcfzZlb h[f_"
\az}fha\fyadb fe° k_]f_glZfb 1Z "m]zfb fZex\ZIlb ]t
\_jlbdZevge e+sge€ h[T}*gm\Zlb €0 fmehkh]jmdphdexydtbfh
i_j_fesm\ZIlb ih\_jlzZlb 1z fZkrlZ[m\ZIb a[_j*]1Zxqb
\eZklb\hkle M 6NHWFKSDG \i_jr_ [meh \bdhjbklzZgh \
Zelhjblf \erkedZggy \edhg sh “ha\hey\ fZkrlZ[m\Zggy

Dheb ? KZa_je_g”~Z kiblZzeb yd&lIWrpobllafe] jrm
gl _jZdIb\gm liZneqgm ijh]ljZfm i_jrm g_ijhp_"
ijh]ljZzfm\zZggy i_jrm h[jY}dlghzgm ijh]jZzfgm kbkl_fm a
jed \eg \e”rih\el ©Gm y "~ g_ agZ\@sh p_\Z dh?a

e~ gZk jh[hlb gz~ "bk_jlZpe}xjm:? KZa_je_g*"
ijZpx\Z\ m ~hkee”"gbpvdec eZ[hjZlhje€ _e_dljhgedb
I _ogheh]eqgh]lh egklblmIlm [Z eZ[hjZlhje€ Eegdhe:
Fegekl_jkI\hf h[hjhgb KR: \thkelddgrc KZf_ Ihfm dh

exlh]lh jhdm ih exlh]lh ? Kjhanje:i gi* [m\Z\



<b~Zlge sgnhjfzibdb

gZ \eckvdhlec kem [+ \ Zjfe€ KR: \eg ijhoh”b\ ken
i_jrhlh e_cl_gZglzZz Kb]JgZevgh]h dhjimkm kihgzZldm
mge\_jkbl _le Z ~Zee \ :] _glkl\e gZpehgZevgh€ [_ai_dk
gZ kem'[¢+ m jhpe \egDaFfgyl®\Zc~_jZ -RVHSK &
5REQHWW /LFNOLGHU gZ ihkz”e ]Jheh\b hnekm

egnhjfZzpe€ ,QIRUPDWLRQ 3URFHVVLQJ 7THFKQROR
"hkeergbpvdbo ijh_dle\ $GYDQFHG 5HVHDUFK 3URN
yd '$53% Fegekl jR|hHM[KR: ijZpx\Z\ ~h jhdm

Jbk :? KZa_je_g* "_fhgkljx} jh[hIm ea ]jZneggbfb |
6NHWFKSDG
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M jhpe?:KZa_je_g”™ m\e\ dhgp_ipex «*_Zevghl]h
"bkie _ XOWLEDWSHD®N}*gZgh]lh ea dhfifxl_jhf ~ey ihe
agZchfkl\zZz «a ihgyllyfb yde g _fh eb\h j_ Zeeam\ZIlb |
©1~_Zevgbf *“bkie_}f [m~"_ a\bgZcgh defgZlzZ \k_j_~
afh>_ dhgljhex\Zlb «kgm\Zggy fZl_je€ Djekeh ah[jZ _
[mMm~_ ~hklZlgvh ajmggbfb sh]bgzGgymfqmg tkdbBe ah[jZ ™
[Zdec defgZle [m~mlv kljbfm\Zlb Z dmey ah[jZz _gZ
nZlZzevghx AZ \e*ih\ergh]lh ijh]jZfm\Zggy IZdbc “bkie
klZzlb Djz€ghx Qm~_k ~h ydh€ ih*hjlkk m\Ze@ :lditlilc? >
"bkie_x gZdbé¢ ? KZa_je_g”*hf \dexqZ} yd \eamZev
deg_kl_Ibgge klbfmeb HklzZzgg} klbjimaekXZehUHGHU L
3KLOOLSVY )UHG %URRNV -U jhaihgZlb m jhp
DZjheegb ijh5213("ey “hke*”" _ggy \bdhjbklZgg® deg_
\az}fh”re€ yd aZkh[m sh ~hihfzZ]zZ} [*hoefedZf O\erqgn
ijhl_€gh\bfb fhe_dmezZfbK\jplck \ZjeZgl ~bklie;jmd&
gZa\zZ\ ]Zilbylggdibf sh gz~z} \ergmlly ~hlbd |_fi_jZz
Ilhsh hihk_j_~dh\Zge rdejhx fYydBfB[hk trohebg2fib >
k @

Jbk =Zilbggbc ~bkie,,c *523(



<b~Zlge sgnhjfzibdb

A jhdm ih TZa_je_g”™ ijZpx\Z\ m =Zj\Zj "k
mge\_jkbl_Ie gZ ihkz~e Zkhpech\Zgh]lh ijhn_khjzZz _e_d
aZ "hihfh]hx k\h]h kiMmKijghn2z2 3REHNOHWFKHU %RE
m jhpe \eg KkI\hjb\ i_jrbc \ZjezZgl «~_Zewghfh ~bl
KHPE&XQWHG GLVSOD\ ~hih\g_gh€ j_Zevghkle ih
pbnjh\bo ijhklhje\ m k_fZglbggh ih\fyaZgbo dhgl_
h[f}dlb ZkhpeZpec jhalZrhd¥ghfmm k\ele GZ \e~fegr
\ejlmZevgh€ j_Zevghkle ~hih\g_gZ g_ klI\hjx} ih\g
k_j_~h\bs_ Z ih}*gm} \ejlmZevge _e f glb a j_Ze
j_Zevgh]lh hlhg_ggy dhjbkim\zgz "h”"Zxlvky \ejlmZzZ
afegxxlvky mgZke+~hd ZzKlha”qe g™ m>jig@ixlam} sh p_
\bfzZ]1Z} kI\hj_ggy \ejimZevgbo sgkljmf_gle\ Z[h dhfihg
dhjbkim\zg_f 7~ey \bdhgZggy i_\gbo “hkee”e\ ijh\_~
Ilhsh Jhajh[e_gbc gbf rhehf \ejimZevgh€ [Z ~“hih\g_ gl
\emggn gZa\m ©>Zfhdees\ f_q2 7KH &RU G Rle'dnR KO}
I1Z jhafejb f_oZgeaf [meb klZpehgZjgh afhglh\Zgbc c
jbk K_j_~h\bs_ "hih\g_gh€ j_Zevghkle KklI\hjx\Ze
gZdeZ"Zggy ijhklbo dhfifxl_jgbo fh”_e ¢ gh]lhh[jZ"

K\elm jbk |
y%; s
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Jbk AZ]ZevgZ ko _fZ jh[hlb 1Z ah\gergec \b]eyr ©>Zf
? KZa_je g NIRijmeZ k @

lgrbc a ch]l]h kim"DigldgD@QARKHM\ i_jrbf olh
jhajh[b\ \eamZevge kbfmeylhjb ihevhlm 1z jz~Zj
Z\*Zkbfmeylhjhf ijb\_ezZ ~h jhajh[db K&phjjelfog"D M ey:
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lib\bfejgh]h \erkedZ

Jbk Dhfifxl_jgzZ fh”_ev dm[Z sh ~hih\gx} hlhgmxq_
dZz~jyélgc q_j_a dZf_jm ©>Zfhdeh\h]h f_qz?2

M jhpe ?2:KZa_je_g” klz\ Kkis\aZzkgh\gbdhf |
ij_ab”_glkD @WEXWKHYPDIMBNRHUIWB RUDWLERIZ\rbkv «a
> ?2\Zgkhf 'DYLG*eWDIJ\hj_ggy p_gljm “hke+~"_gv dhf
ljiZnedb ijb Mgt\l§jkXIb ~_ a ih ? KL _je_gn
ijZpx\z\ ijhn_khjhf dhfifxl_jgbo gZmd Dhfizgey
ishg_jkvdm jh[hIm \ ]JZemae+ ZiZjZlgh]lh aZ[_ai_qg_gg
I[jb\bfejgh€ JjZnedb j_Zevgh]lh gqZkm 1Z kI\hj_ggy ijbgl
dhebrgeo prjybdeYDQD/QEXWKHBBP QBWRIWSRUDWLRC
fZc[mlge aZkgh\gbdb BGREjghd -RKQ (GzZzDUG :DU
6LOLFRQ *UDBSHKLeRAjd>-DPHVY +HQU\ &ODUN

©>hkee"" +pgy\_k_eh Yd « \ dhfzg~rghfm kihjle ih
gh\e agZggy ~Z} f_Im I|h\ZjbklI\h jhafh\m afzZ]zZggy |
gh\bo agzZgv ijbghkblv jZz~eklv gh\bagb djZkb ijhkl
egh?ec dhjbkghkle Fb \ke ih\bgbe« iiZK&qy1Ztpgy
ex"kvde amkbeey ydbf azZ]jh ' mxlv |_ogeqge 1Z _f
jhaqgzjm\zZggy Kdhjhlelv \Z°dm jh[hIm \bdhjegelv
gZ”bogelv gzZ~Zcl_ ie*ljbfdm 1Z \bagZcl_ "~hkylg_o
ehyevghkle 1Z j_amevizZle\a >ki@”™ Kglp\Mhh]lgzkm [n
\bgZoe~gbd i_jrh€ hiqpdgo\tzgh€ fh\b ijh]jZfm\Zggy 6F
: DD_c $0DQ &XUWLV .D\ Z\lhj f_Ih*m Emgph\Zgg
+HQUL *RXUDXG jhajh[gbd i_jrbo ijZdlbggbo f_
aleZz""m\Zggpjhhh JUWMONAQURZ \erdjb\Zg |_dkIm



<b~Zlge sgnhjfzibdb

%kieZcge\?D_If_ee (GZLQ (DUO &DWPXOO jhe
j_ZesklbgghzEgefZzpe€ ex”"kvdh]lh h[éDgQyUNGHUDF
3DUNH

A ih jed? KZa_je_g” ijZpx\Z\ Ne_Ilg_j\k
ijhn_khjhf dhfifx| ggma 1Z az\e"m\zZq_f \e~ih\e~rgh€
DZeenhjgeckvdh]h I _ogheh]eqgh]lh egklblmIm

A jhdmklZjrbc |_ogeqgbc Kie\jH$dl'ghRUIS RUDWLR

M jhpe?:KZa_je_g”™ klzZ\ kie\azZzkgh)lgabhfghap _
IZ I_ogeqgbf "bj 6XMKHBEOSDRODEVVRFLDWMV
jhpe \hgZ [meZ ijb""[Z2gB MBLIZYgRX\VQHP\KIZeZ y*jhf
€0 "hkeer"gbpvdh}i XQYOeEHV 2 KZfa: jez§XPHOORZ
kKis\jh[elgbdhf 6XQ gZc\bsh]h |I_ogeqghlh Agpm a
ij_ab”_glKiQ6

M i :? KZa_je_g” [m\ azZijhr_gbf \bdeZ
\ernee ggy dhfifxl_jgbo gZmd DZeesnhjgeckyvdtdgh mge)
rlZl DZeesnhjgey

Kvh]hrg® KZa_je_g” d_jm} g_\_ebdhx ]Jjmihx sh i
Zkbgojhggbfb kbkl_fzZfb chlhepMmifZ Ihndjhikbgojhggl
eh]edb 1Z | _ogheh]«€ ijh_dIim\Zggy “ey r\b”dbo ko f
€0 “h gh\bo Zizjzlgbo Zjoel_dlmj Ch]h dgb]zZz OI

him[eedh\ZgZ \ jhpe m kisNZKIiij pké\ef eldOBjjekhf
hibkm} fZl_fZlbggtjhkdhhbhzZggy ribrdbo @o_f
? KZa_jexg®hj [sevr_ iZl_gle\ KR: h”gbf ea g

pblh\Zgbo a ydbo } > @ kbkl_fZ ey ih~eem Iljb\bfej
gZ dezZkb a f_|Ihx \bagZg_ggy \b”bfbo qZzZklbg [Z]
\bagZq_ggy leg_c d Tzdyghdmigbde\ h[lhjh~"_
gZie\ijhahjbfb ih\_jogyfb » "ey \bagZg_ggy ih
\az}fhijhgbdg_ggy dheb nhjfb \az}fhi_j IbgzZxlvky
iZl_gle\?2KZa_je _g™Z gZc[eevr agZgmsbfb }

+ OHWKRG DQG DSSDUDWXNI QR HEB & Wi
FRXSOHBDRIMQ L

+ SUR[LPLW\ RSWLFDO PHPRU\ PRI®RXOH
RSWLFDO DMOFORSEWUEBDO FRQYHUWHU

+ OHWKRG DQG DSSDUDWXWDRUYH SHUYLR/UW
RSHUDWLRQ

* $SSDDMEXPHWKR GNKRIR XKIKIKXW DVIQF
FRPPXQLFDWLRQ ZLWK IORZ FRQWURO

t $SSDUDWXV DQG WHKWRRGK SKW KDVWQ F
FRPPXQLFDWLRQ

+ OHWKRG DQG DSSDUDWXV IRU HOHFWU
FRXSOHBDRIMQ L



,661 Gh\elge dhfifxl_jge | _ogheh]«£€ L;9,

(QKDQFHG HIDHFWQUIGFBOR\LPLW\ FRPP X
$UELWHUV ZLWK SUHIHUHQWLDO HQDE
)XZDOYH UHFWLILHU IRU FDSDFLWDQFH |
JORDWLQJ LQSXW DPSOLILHSWHIRU
PXQLFDWLRQ
BHFXUH G IP\DW OLEWWHI® H
OHWKRG DQG DSSDUDWXV IRU UHJXOD!

T
Py
HH+ g+ I+ H+

VA\VWHP

I+

OHWKRG DQG DSSDUDWXV IRU HOHFWU

FLUFXLWV

6HQVH\ DPBODWFK ZLWK ORZ VZLQJ IHF

)XZDOYH UHFWLILHU IRU FDSDFLWDQFH |

OHWKRG DQG DSSDUDWXV IRU DOLJQLQ

DQ DFWLYHO\ GULYHQ YHUQLHU

,QWHJUDWHG FLUFXLW >X0S/RIPED\FPBG

FRPPXQLFDWLRQ EHWZHHQ VHPLFRQGXFWRU GLF
-LWWHU\ SRO\SKDVH FORFN
$SSDUDWXV DQG PHRKRISFMRIUQDQ/RQVH
OHWKRG DQG DSSDUDWXV IRU HOHFWU

SEXHG SDGV
$GGHU FLUFXLW ZLWK D UHJXODU VWU
$SSDUDWXV DQG PHRKRISFMRIUQDQ/RQVH
6ZLWFK IDEULF IRU DV\QFKURQRXVO\

+ H+ +

+

T
—

FXLW

OHWKRG DQG BPSEBWDWXWDRMUWLFDOO\ D(
FXLWYV

OHWKRG DQG DSSDUDWXV IRU DV\QFKU
ORJLF JDWHYV

6KDULQJ DUELWHU

OHWKRG DQG DSSDUDWXV IRU SUREL
URXJK FDSDFLWLYH FRXSOLQJ

FL

I+CI+CI+I+I+><I+I+I

=
A+ o+

* J)DFH WR IDFH FKLSV

* J)DFH WR IDFH FKLS

* 7LOH DUUD\ FRPSXWHUV

* 'LVWULEXWLQJ GDWD WR PXOWLSOI
DVIQFKURQRXVY FLUFXLW

* OHWKRG DQG DSSDUDWXYV IRW OMDWHAK L C

* OHWKRG DQG DSSDUDWXV IRU DV\QFK

LQIRUPDWLRQ ZLWKLQ D FLUFXLW
+ OHWKRG DQG PRGXOHV IRU FRQWURO
XVLQJ SLSHOLQHV FDUU\LQJ FRQWURO VLJQDOV
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I+

$VIQFKURQRXQJOG B RQWNWWRID@MIHUV ZLW
6\WWHP DQG PHWKRG IRU D YLUWXDO L
EXIITHU WKDW VWRUHYV D SOXUDOLW\ RI YLHZ SRL
WKH XVHU

+ OHWKRG IRU JHQHUDWL @D BE®G VGIL VW E
VLIQDOV

+

6\QFKURQRXV SRO\SKDVH FORFN GLVW
[ID\HUHG FRXQWHUIORZ SLSHOLQH SU
WURO
2EVHUYLQJ DUELWHU
6HOHFWRU DQG GHFLVLRQ ZDLW XVLQJ
&RQWURO FLUFXLW RI PXWXDO H[FOXYV
,QYHUVH WRJJOH ;25 DQG ;125 FLUFXL)\
OXOWMXH SOXUDO FRXQWHUIORZ SLSHC
)DVW DUELWHU ZLWK GHFLVLRQ VWRULI
ERQWUROFRMIULYPROBRUQJ GDWD IORZ L
SDWK FLUFXLWYV
S5HFXUVLHKDRROGIWLLQWHUIDFH
6\PPHWULF VHOHFWRU FLUFXLW IRU H)
$VIQFKURQRXY DUELWHU XVLQJ PXO\
HQKDQFH VSHHG
®DVKEDFN VLPXODWRU
7TKUHH FRQGXFWRU DVI\QFKURQRXV VL]
ERXQWHUIORZ SLSHOLQH SURFHVVRU
VW GLUHFWLRQ DQG LQVWUXFWLRQ UHVXOWYV
6\VWHP IRU IDRWWAPIWWFHKULWLFDO LQSX
&DVFDGHG PXOWLVWDJH FRXQWHUIO
U\LQJ GLVWLQFW GDWD LQ WZR RSSRVLWH G
5RERW DUP VWUXFWXUH
$VIQFKURQRXYVY SLSHOLQHG GDWD SURI
5RERW DUP VWUXFWXUH
$VIQFKURQRXV TXHXH V\VWHP
5HDFWLRQ FRQWURO YDOYH
5HWLFOH H[SRVXUH DSSDUDWXYV DQG F
A jhdm? KZa_je_g” ijZpx} \ Dhe_"~"e g g
dhfifxl_jgbo gZmd «f_ge FZkeoZ IhJIe\g;H‘]kh/dh]h
mge\_jkbl_Im gZ ihkz~e aZzZijhr_gh]lh ijhn_khjz 12z
Zkbgojhggbo “hke+” _gv $VI\QFKURQRXV 5HVHDUF
Aim bghx FZjee Jhgd_g ODULD (OLVDEHWK O0DUO\
ijZpxxlv gz”n m~hkdhgZe_ggyf |_oghagy€ |
Z\IhfZlbah\Zgbo 1Z Zkbgojhggbo ko_f Kkbkl_f f_Ih”"e

FR

+ H+ + + H+ I+ I+O + 1+

+ H+ 1+

-
CH =+

+ H+ + + + I+ C + 1+
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SHIHUHQFHV

%HUNHOH\ ( & QLPSCGRXQQA®PR& %HUNHOH\
$PHULEDQ *9RO +,VVXH3

%URRNV ) 3 3URMHBWWiISR23QLVSOD\V IRU
9LVXDOL]DWLRQ >(OHFWURQLF UHVRXUFH@ )uU
<RXQJ -DPHV - UWRAMHWHOWD ¥ U-LH N &RPSXWHU
9RO + 1XPEHU $XIXVW + $FFHVV PRGH
KWWSV EHHS PHWLG SROLPL LW GRERRNQVBEGI

'LVSOD\ ZLQGRZLQJ E\ FOLSSLQJ >(OHFWURC(

3DWWH Q ,YDQ ( GXYWEHUOD(SFFHVV PRGH
KWWSV SDWHQWLPDJHV VWRUDJH JRRJOHDSLYV
SGI

,YDQ (GZDUG 6XWKHUODQG -X@HFWUB®LF Ut
$FFHAR/G H
KWWS DUFRSRKHFIMVSIZV[ OO XSORDGV &9B,YDQ6BXW
,YDQ 6 XWRBWBBQ®RI| *UDSKLFV >(OHFWURQLF
LSURJUDPPHU LQXQH + $FFHVV PRGH KWWS
SURJUDPPHU LQIR K LLWB/RWY KHHRBIDMG KW P O
3RUWODWEB SWLGH 368 _ .\RWR 3UL]H ODXL
>(OHFWURQLF #HHWRXUBH® $FFHVV  PRGH
KWWSV ZZZ SG[ HGXSUQYR % BLSEDHXMARRKRO D Q G
3RUWODQG 6WDWH ODVHHK &ROOHJH RI (QJI
(OHFWULPBRWHIR (QJLQHHULQJ _ ,YDQ 6XWKHUOI
+$FFHVV PRGH KWWSV ZZZ SG[ HGX HFH VX
BSURXOO 5 ) $ FOLSSLQJ GLYLGHU B5REHUYV
$),36 -RLQW &RPSXWHU &RQIHUHQHFMEHU 3URFF
IDOO MRLQW FRPSXWHYRERQ | HERORID +
3
BXWKHUODQG PRKQWKBDWKUHH GLPHQVLRQD
BXWKHUODQG B3URFHHGLQJV RI WKH $),36 )DC
'"HFHPEHU 3DUWYKLQIJWRQ 7KRPSWRQ %RRNYV

BXWKHUODQG , ( 6ANMHAVKEIQ$IDEUIDSRDEDO FRI
VIVWHP >(OHFWURQLF UHVRXUFH@ VXEPLWW
UHTXLUHPHQWY IRU WRHKLOHRMRSKRI |RBWRG 20 U C
ODVVDFKXVHWWY ,QVWLWXWH RI 7THFKQRORJ\ 'l
+ -DQXDU\ + S + $FFHVV  PRGH
KWWS LPDJHV GHVLJQZRUOGRQOLQH FRP V DP!
SDGB$BODEKLQHB*URPRXFOLFBES LRQBE6\WWHPB-DQ

6XWKHUODQG , ( G6NHWFKISDEH $UDISKQ
&RPPXQLFDWLRQ 6\WWHP ,YDQ ( 6XWKHUODQG
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&RPSXWHU &R@IMUMHIGFH) JHGHUDWLRQ RI ,QIRU
BRFLHWLHYRO =3

BXWKHUODQG , ( 7KH S8OWLPDWH 'LVSOD
3URFHHGLQJV Rl WKH ,)$3R®ROIUHVV

6XWKHUODQG , /RJLFDO (IIRUW 'HVLJQLQJ
6XWKHUODQG 5REHUW UARUFXD QUDR¥LEFR 0
.DXIPDQQ + S

6\WWHP Rl SRO\JRQ VRUWLQJ E\ GLVVHFWLR

BWDWHV 3DWHQW +-XYOH ( &% RARHWVO PRGH
KWWSV SDWHQWLPDJHV VWERUDJH JRRIJOH®GLV
SGI

7KH &RPSXWHU +LVWRU\ OXVHXP 3UHVHQW
BXWKHUODQG _ 3UHVV 5HOHDVHV _ &RPSXWHU +1
+ 2FWREHU + $FFHVV PRGH
KWWS ZZZ FRPSXWHUKMYRHVRUW RIYX\SKHUVO DQG K

SHFHLYHG 0D\ LQ UHYLVHG IRUP 0
0D\



Dhfifxl_jg_ fh~_ex\Zggy \ hk\els
:gZesdh]geIb\gbo 1jZ}dlhjec f_Ih~Zfb |_hj<€ kdeZ~ghb

<heh”bfbj FbdheRbtk\\ghkeZ*bkeZ\ Fbdhlepi\bq
He_dkzZg”"jZ H¥jflreykvdZ
DZn_"jZ egnhjfZlbdb 1Z ijbdez”~gh€ fzZIl_fzZlbdl
Djb\hjeavdbc ~_j Z\gbc i_~Z]h]legqgbc mge\_jkb
ij =Z2]12¢9Z Dib\bc Je] Mdjz€gz
YQVRORYLHY #FRDIRARFRP #JPDLO FRP
VWHVKD #JPDLO FRP

:ghlZpeyw_Ihx ~hkee”" _JggphajZomghd Kki_dljZevgh
Ilhiheh]eqgbo fej kdeZ”*ghkle dh]gelb\gh€ [jZ}dlhje€
f j_"gh€ ~bgzfedb m ijhp_ke [emdZgdy" "Xqzib[-jb
"hkee™  _pPgwZeeca agZc™_gbo fej \bagZq_ggy gZcgml
afegb Ijz}dlhje€ 1Z nhibfhEZgdy ih[m~h\b eZ[+sjbglm
dhj_dlghlh ZgZeeam dh]gelb\lg pE}dljlzf}dihkee”"} ggy
ijhp_k ijbcgylly jer_ggy \ mfh\NZéf\Bhlijmhkes~"}ggy
fhr _es kdeZ”gbo J_agameviZIb "hke<fh mdy [mlb
\bdhjbklzZzge ijb klI\hj_gg#thj* Zevcgb\dijgh]h fbke _ggy

Dexgh\e kehd&]gelb\gZ ljZz}dlhjey kdez~ge f_j_ "

e lhiheh]eqge fejb kdeZ”~ghkle fZljbpy kmfe 'ghkle eZ]

9 1 6RORYLHY 3LURJRY2 <DUPROVINDDO\VLV RI
FRIQLWLYH WUDMHFWWRKH MKERBHWRKRBRSRIH[ QH

$EVWUDKHW SXUSRVH RUVWWR FIVXBXODWH WKH
WRSRORHDVBROMWKH FRPSOH[LW\ RI WKH FRJQLWL
WKH QHWZRUN G\QDPLFV LQ WKH SURFHYXW RI
REMHHFWRI WBEHHVWR @\QDO\]H WKH PHDVXUHV IRX
VHQVLWLYH RI WKHP EHIRUH FKDQJLQJ WKH WUD
IRU FRQVWUXFWLQJ WKH ODE\ULQWK IRU FRUUH
7KH REMHF WD BE NV WH R FABHRILVURQURFHVYV Z® HV K H
VXEMHFWYV RUW KRR GEMWX\GRI FRPISOHD QFHKAVIE Y W
XVHG WR FUHDWH UHDO PRGHOV RI FUHDWLYH W

H\ZRUGWVRJQLWLYH PRPSOHFWRHWWZRUNV VS
WRSRORJLFDO PHDVXURDMWRILWR B MFRPQF\[ LW/ E\ L

$IILOLDWSRQWPHQW Rl &RPSXWHU 6FLHQFH D
LU\Y\L 5LK 6WDWH 3HGDJRJLFDO$8K LYKBWK W\

8NUDLQH

( PDLYAQVRORYLHY #FRDRARRP #JPDLO FRP

VWHVKD #JPDLO FRP
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HklZggesf gZkhf agZqgbo ~hkylg_gv ijb fh*_ex\Zgi
ijbjh*b \"Zehky]M az\*ydb rbjhdhfm azZklhkm\Zggx
f_Ih~e\ |_hje€ kdezZ~gbo kbkl_f > @ yde m [eevrhk
jhaley”zZlb 1Z fh~_ex\Zlb yd kdez~ge f_j@ gM kigmedemn
jh[hle fb aZzklhkh\m}fh f_j_"ge fejb kdeZ”ghkle > @ "h
jmom m eZ[+jbgle M \bizZz*dm ijhoh”" _ggy eZ[<jbgIm
gZab\Zlb 1Zdm I1jzZz}dlhjex dh]gelb\ghx Dh]gelb\gm Ij

ah[jZablb m \b]Jey”e kdezZ”gh€ f_j_ "+ yvde- \hgebfb
eZ[sjbglm Z al\fyadb \bagzZqgZxlvky a\fyageklx ljZ}dlIl
Jhpeyg_fh ~"Zee* lydaz~gh€ f_j_ "« >ey ZgZeeam p

\bdhjbklzZ}fh gZklmige Ihiheh]eqge 0ZjZdIl_jbklbdb
tklimiegv \_jrighJUHeeevdeklv j_[_j e<gpb”_glgbo
\_jrbg*ehdZevgZ o0zZjzdl_jbklbdZ sh h[gbkex}lvky aZ
c ¢
1
N (tdeevdeklv L4dpevdekliv \ _jrbg
tklimiegv seevEDRV HQAHNKYZgy “hkimim ~h <grbo \_
f j_"¢+ehdZevgZ oZjzdl_jbklbdZ ydzZ \bagzZqZz}lvky gz

Y
lzM
N Re\erklZgyv Ve \_li¥bdb jrbdb
tdh_nepe}lgl dezZkl AFbxXapwN&Ud-@Vdeklv gZc[eb gb
kmkene\ yde } 1Zdh™ gZc[eb gbfb kmke"Zé&lh diZ’dgg Ze y
0ZjzZdl_jbklbdZ sh agZoh”blvky aZ nhjfmehx
H
& NN
AN Nzxdeevdekhvkere\x deevdeklv j_[_j fe° gbfb Dh_n
deZkl_jbazZpe€ } lhiheh]eqghx fejhx ydZ ihdZam} I_
ih"eem gZ ]jmib dezkl_jb
+ dkp_gljbKkblirbghbHFFHQWUWXZ&KMWY evgZ g\v MNelZ
NZgh€ \_jriXxgbh [my¢dh€ e<grh€ \ _jrbgb tfehdzevgZ
o0ZjZdl_jbklbdZ sh h[gbkex}Ivky gZklmigbf gbghf

HX PDI[GXY
Y9 *

N GXY xt\enrklZgv feo \_jriXg¥fb
theZf IGLDPHWHIKbfmMf _dkp_gljbkbl_1le\
tk_j_"grzZcdhjhlrbc reyd UDDIWE K QINMBK

Q i ©Om
(Y

Q1
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AN 1xtgbkeh \maee\ a\fya@tgbkeh \sjrbg @M\ bgZ
gZcdhjhlrh]h reyom f¢° \maeZfb

Hdjef Ihiheh]egqgbo \bdhjbklzge 1Zdh™ ~_yde
0ZjZdl_jbklbdb gydieZdglkzfb fZljbpv kmfe ghkle |Z E
\eNih\ergh€ f_j_ e

tfZdkbfZevg_ \eZkg_radZldbpgkmfe ghjkimZ

tki_dljZzevgbc jh¥ONFWODB@ jeagbpy fe ~"\hfz
gZc[eevrbfb \eZkgbfb agZq_ggyfb fZljbpe kmfe ghkle

+Ze] [[Z€@XyagkDWIJHEUDLF FROQQ@RAEWGHY LW\
g_gmevh\_\ezZkg_ agZq_ggy fZlybpe- }EfZjdZka\fyaghl
f_j_ "

t g_jley 1jdWDSK HOKWIIA Z[khexlgbo \eZkgbo ag
fZljbpe kmfe §hrkéh[ZevgZ 0ZjZdl_jbklbdZ

M
e

N t\eZkge gqbkeZ fZljbpe EKMZnTHhkle

AZm\Z bfh sh eskgm} ~ deevdZ Zevl_jgZlb\gbo
kmfe ghkle "Zgh€ f_j "¢ < ~Zghfm \bizZ*rdm i" fZIjl
[m~_fh jhamfelb d\Z*jZIgihfizljo@xn ydh& N ydsh
\_jrbghlZvkmfe ge djZINdDkle ydsh \hgb g_kmfe'ge

FZljbpygZieZkZ } h~rgbf a \b”e\ ij_"klZ\e_ggy f_j_"-
fZljbp_x kmfe ghkle kie\leAght_fgyf' +"reZ]lhgZevgZ

. . -GL M
fZljbpy ihjyedm ®

Ijb ijhoh”~” _gge eZ[*jbglm nhjfm}ivky fZljbpy kmf
\eMh[jz 2} 1jZ}dlhjex ijhoh”” _ggy >ey hljbfZgbo fZlIjb
fb agZoh”bfh ki_dljZevge ¢ Ihiheh]eqge fejb
:gZe*a ijh\_~ _gbo “hkee”" _gv \dZam} gZblbfbsh gz
"h afegb ljz}dlhje€ } 1Zde ki_dljZevges fejb yd fzd
agzZq_ggy fZljbpe kmfe'ghkle 1Z Ze]_[jZ€qgZ a\T
Ilhiheh]eqflkoj "~g} agZq_ggy “h\'bgb reyom
?dki_jbf_glb [meh ijh\_~_gh a I1Zzdbfb ljZ}dlhjeyfb
agZoh”~” _ggy Zeyehhgblfhf DjZzkdzZeZ
ijhoh”™ _ggy eZ[*jbglm ex”bghx
ijhoh~” _ggy eZ[+*jbglm azZz ~hihfh]hx \biz~dh\h]h |
J_amevlZlb ijh\_~_gbo "hkee~” _gv ah[jZ _gh gZ jt
:gZeh]eqgbf gbghf ih\h&ydvekki[ dljZevge IZ lhiheh]
feijb ahdj zZf&e |l yd Ze] _[jZ€ggZ a\fyageklv IZ klmiegv |
HI"_ \erdjb\Z}Ivky fh eb\eklv \erkl_"~_ggy ijhp_km
az™"Zgq \ mfh\Zo \b[hjm sh } gZ”~a\bgZcgh pedZ\bf
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"hkee”” _gge dh]gelb\gbo ijhp_ke\ M ih*"Zevrhfm ieZ
dh]gellmgljZ}dlhjex m \blJey”~e gZkh\h]h jy*m a f_lhx

egrbo fej kdeZ”~ghkle kbkl_fb > @
10 - 2
§q1 ————~—————- 5] T T TTITTT
a 6 o
F 4 - = S e
— e e e e —a <
2 | —kruskal
0,5 -
0 ——real
0- —--random
z [
Jbk Ki_dljZe®glZ lhiheh]*gfr§b kdeZ”ghkle dh]gelb\g
[jZ}dlhjec

GZ[*j jeaghlbigbo az\"Zgv <+« rbjhdh]l]h gZ[hjm f
“halhey} m i_jki_dlb\e ih[m~"m\Zlb gh\e f_Ih”b ikb
ZN _d\Zlghlh I _kIm\Zggy I\hjgbo a”<[ghkl_c

Kibkhd \bdhjbklZgbo ~"_j_e
Kheh\ch¥F Fh”_ex\Zggy kdeZ"gboFkkKkeEhf\chg
H: K_jA*xd ;==Zgbevgqm@ _jdZkb <b”Z\ _ hp X h\qg
+ k
%RFFIBORWWEORHWZRY WY X FMXGENQDPLFV
6 % RFFDOHDWWVRUDR KHQR&K@DYH]8 +ZDQJB KWWV
BHSRYWV 9RO +,VV +£3
%LDQFRQWHUG L\DRASKOV RO OLHIMHA WANRKIUHNR U \
*LQHVWUD ®RKDRBRMMAMHUV 9RO +1XP #
3 S+ S
Kheh\ch¥V F_j_ "ge fejb kdezZ”ghkle kihgph Za\gdto
kbkl f F<Kheh\ch\ <ekgbd Q_jdZkvdh]lh mge\_jk
ljbdez~rgz fzl_fzZlbdz 1lgnhjfzkbdZz +K
$PDQFLR2QWKHRQFREFWRPSQHW ZRBRX Y QWK H
GLIILEXQOQCWEBDRXRIODE\ULQW¥KPDQFLR 20LYHLUD
-U/ GD &RVWIK\VLFD $ 6WDWLVWLFDO OHFKDQLF'
9RO +,VV +3

5HIHUHQFHVY WUDQVODWHG DQG WUDOQ\

6RORYIORYORGHOLXYDQQLD VNODGQ\NK V\V
FRPSOH[ V\VWHRBR@RYLIYEHRLXN %4 Q\OF KX N
&KHUNDV\ 9\GDYH¥WY 9RYFKWRN,Q 8NUDLQLDQ
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% RFFDO RMRWEOBHWZRYWW X FVOXAENQDPLFV
6 %RFFDOWDWWRUOR KHQR&KDYH]8 +ZDQJBK\WFV
SHSRYWV 9RO +,VV 3

%LDQFRQW H U G L \DRISSKO V. DW® OLHIDH WYARKIHNR U \
*LQHVWUD %KDBRMMAMHUV 9RO +1XP =
3 S+ S

BRORYILORYOHUH]KQL PLU\ VNO B®GQRRPI NKRW
VIVWHP >1HWZRUN PHDVXUHV HEIRG@RP BB H LW HF
90 6RORYLRY 9LVQ\N &KHUNBWNRKER XQ\NOH
PDWHPDW\ND #IRWRDW\ND*6 ,Q 8NUDLQLDC

$PDQFLR2QWKHRQFRFWRPSQHWZRBRXNY QWK H
GLIILAEXQOQGCW®&BDRXRODE\ULQWKRDQFLR 20LYHLUD
-U/ GD &RVWIK\VLFD $ 6WDWLVWLFDO OHFKDQLF

+9RO +,VV  #3

5HFHLYHGULOS LQ UHYLVHG IRUP 0D\
0D\
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JZ[hlZ k [hevrbfb [ZaZfb "Zgguo \ ImfZgblZjghc |}

Ebeby <Zkbev _\gZ ihgktjy GbdheZz \'gZ ;h~gZjv
B\Z@\Zgh\bg >hgqg_\

DZn_"jZ bggh\Zpbhgguo | _ogheh]bc b _fkllhkihddbghonq
gZmd X ghmdjzZbgkdbc gZpbhgZevguc i_"Z]h]lbg_ki
bf gb D > Mrbgkdh]h
me KlZjhihjlhnjZgdh\KZykkzZ ] MdjZbgZz

ERGQBUPDERPERG @DW# DP DER'P

:gghlZpby P_evx bkke_ _~h\y\elyy lkyhij_"~_e_gb_
\hafh ghkl_c ij_"hklz\ey_fuo kj_"~kI\Zfb h[jZ[hldb
NZgguo \ ebg]\bK[bddlhf bkke_~hyveghxdyky kj_~klI\Z
jZ[hlu k [hevrbfb [Zazfbhj~2Zfighd bkke_~hy¥eybylky
bkihevah\Zgb_ azZdhgh\ PbinzZ ijb h[jZ[hlfd)\ [hev
bgnhjfzpbb JzZkkfzljb\zZxlky kh\j_f _ggu_ f_Ih”u h[jZ]
[Za ~Zgguo ijb ihfhsb jZajzZ[hlZgghc Kki_pbZevghc
ijhljzffu &RQDQ?® LzZd _ ijb\h”rylky ijbf_ju ijbf_g_
ijh]ljzffu \ ImfzZgblZjghc kn_j_ :dp_gl k®_eZg gZ jZ][lI
NZggufb \ ebg]\bklbd_ Iml_f bkihevah\Zgby kh\j_f_g
IDWXUDO /DQJXDJH 7RRONLW jZajzZ[hlZgu f_lh”"u
|_dklh\J_amZivu bkke_"h\Agbpf _g_gb_ hjblbgZevgt
ijhljzffu ~ey bkke_~h\Zgby |I_dklh\ gZ hkgh\_ azZdhgh

Dexq_\u_ kelhZvrb_ [Zau "Ziggbggh_ h[mqg_gb_
&RQDQ aZzdhgu Pbinz [b[ebhl_dZ gZlt/jZevguo yaud

/ 9 %RGQDM %RGQOU'RQFKHY :RUN ZLWK %LJ
KXPDQLW\

$EVW UWKHWIRIPUHVHW GAHKLQLQJ Rl SRVVLELOLW
%LJ'DWD SURFHVVLQJ MW RRONVHQ UNKQREHRVMIIFRAR O \
ZRUNLQJ ZLWK ODKHHUE DMBEEMFEMVL QS IRV =ODZV |
GDWD SURFHVVLQJ 7KH PRGHUQ PHWKRGV RI EL
LQ WKLV WRSLF ZLWK VSHFLDO FRPSXWHU DSSOL
RI DSSO\LQJ WKH SURJUDP LQ KXPDQLWLHV DUH
LQ OV@/LFLE\ XVLQJ WKH PRGHUQ 1DWXUDO /DQ
%HVLGHUHWRONIESO\LQJ WKH RULJLQDO DSSOLFI
WH[WV EDVHG RQ =LSIfV ODZV ZLOO EH SURYLGFH

H\ZRU@VJ 'DWD PDFKER DEDS QMVQADAVX UD O
/IDQIJXDJH 7TRRONLW

$IILOLDWBSRQWPHQW RI LQQRYDWLYH WHFKQ
WHDFKLQJ QDWXUDO VFLHQFHV 6RXWK 8NUDLQ
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1IDPHG $IWHWYK\QVN\ BWDURSRUWRIUDQNLY V]
S8NUDLQH )
(PDLERGQDUO #JPERG®RB WDLVD #JPDLO FR

:gZeba h]jhfguo [Za t™\dIiggkeh gZy azZ”~ZqZ dhlh
[hevrbgkI\_ kemqgzZ_ \ g_ bf_ | klZg~Zjlguo j_r_gbc
kms_kl\mx!| jZaebqgu_ ZgZeblbq_kdb_ ieZlnhjfu dhl
fgh _kI\h fhh4_r_gby wlhc az~Zgb |Ijb m~Zqgqghf bo

wlb kbkl_fu kihkh[gu i_j_jZ[Zlu\ZIv h]jhfgu_ h[tzfL
ijb_fe_fhc kdhjhklvx

< gZklhys__ \j_fy |_jfbg [hevrb_ ~Zggu_ KklZe
jZkijhkljzg_gguf b hagZqZ_| mijzZz\e_gb_ hg_gv [he
NZgguaZ 1Zd°_ bo ZgZeba ?keb kfhlj_Iv rbj_ Ih wli

dhlhjzy g_ ih~”*Z |ky h[jZ[hld_ deZkkbq_kdbfb kihkh]
[hevrbo h[t_fh\ > @

L _ogheh]lbb h[jZ[hldb [hevrbo fZkkb\h\ ~Zgguo f
jZaebggu_ Zki_dlu “bagb h[s_kI\Z olhAylf \gj ajehtockg u o

kn_jZo ihjh ~Zy gh\u_ ijh[e_fu b \uah\lu \ Ihf
ImfzgblZjghc kn_j_  ]~_ gZ i_j\hf ieZg_ ~he’'gu gZ
\Z g _crb_ . Zki_dlu dzd p_ehklghklv y
kljmdImjbjh\Zghklv b | ~

leZlnhjfu ij_"eZ]lZxsb_ jhohgbo azZz~Zq hkgh\u\Zx
gZ dhgp_ipbyo ihimeyjgh]lh gZbg@temkdgyw \iBY gZa\Zghb
fZrbggh_ h[mg_gb_ K_lh*gy gZ[ex™"Z_Ilky \kie_k

fZrbgghfm h[mqg_gbx ih~"h]lj_\Z_fuc jhklhf ijhba\h
\ugbkebl_evguo kbkl_f h~rgzdhfdgho]bjhrhejBjblZxsb _
gZ h~ghc Zjobl_dIlmj_ fhlml hdZazZlvky [_kihe_agu
[hevrbo h[t_fh\ ~Zgguo ihwlhfm |j_[m_Ilky g_ Ih
ijZ\bevgmx ieZlnhjfm gh b Z~Zilbjh\ZIlv bgkljmf_glu
ki_pbnbd_ kbkl_f > @

FZrbggh_ h[mqg_gdpv Ihdkgh k\yaZggh k h[eZo
| _ogheh]byfb b fbjh\ufb dhfiZzgbyfb azZgbfZxsbfb
ihabpbb \ wlhc h[eZklb LZdh\ufb yl\eyxlky fbjh\u
h[eZgguo | _ogheh]bc *RRJOH *RRJOH &ORXG $F
$]XUH b ~jm]b_

Hi_jZpbb k\yahdja{hldhc [hevrbo fZkkb\h\ *Zgguo
j_kmjkh_fdb_ qglh ~he]lh_ \j_fy k~_j'b\Zeh jZa\bl]
h[mg_gby K ihyle_gb_f h[s_~hklmighc \hafh ghklb &
wlbo p_e_c h]ljhfgu_ j_kmjku |Zdbo dhfiZzgbc \ bc
I_ogheh]byo dZzd ORRUBGNRIMI\_eh d ezZ\bghih*h[ghfm
dZzd Ze]lhjblfh\ 1zZd b iezZlnhjf ih h[jZ[hld_ [hevrbc
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%LJ'DWD

< gZklhys__ \j_fy j_r_gb_ 1Zdbo az”~zZq \_kvfz
h[jZzah\Zgbb Z Izd _ \ p_ehf \ ImfZgblZjghc kn_j_
highkyl 1ZdgZijZz\e_gby \ h[jZah\Zgbb dzZd ~bklZgpbh
ZgZeba mq_[guo ijh]jzff b dzZq_kI\Z ih~]hlh\e_gguo
fZzkrlZ[Zo hI* _evguo kljZzg b dhglbg_glh\

AzZz~Zqgb h[jZ[hldb [hevrbo [Za ~“Zgguo \hagbdZzZxl
hl[eZzklyo ImfZgblZjguo ggdbmaj_&byhdhfivxl_jguo gZm
kharzggu_ gq_eh\_dhf I_dklu ihkljh_gu ih _~bguf |
ijZ\bezf DZdhc [u yaud gb bkihevah\Zeky KklzZlbklb
I_dklZ hklzZz_Iky g_baf_gghc HgZ hibkul\Z_lky azdh
aZdhgu bf xI fghlhgbkeaghyhl[jZajggu_  ijbf_g_gby
ebg]\bklbd_ khpbheh]lbb bklhjbb wdhghfbd_ ]_h]j
ljb ihfhsb wibo aZzdhgh\ j_rZxlky aZz~Zgb fZrbggh]h i_
kha~zZgby ihbkdh\uo kbkl_f \ Bgl_jg_I_ b ijhqg__

AZdhg Pbinz \ _]1h deZkkbq_kdhc wihpfibghikdku\z

\_jhylghklgh_ jzkij_~_e_gb_ dhlhjhfm ihr"gbgyx
bkihevah\Zgby keh\ \ yaud_ > @
< k\h_c¢c bkoh~ghc nhjf_ azZdhg Pbinz ij_"klz

ke _"mxs__ wfibjbgq_kdh_ gZ[ex”_ghZyijhkabhek gtkleh\:
yaudZ mihjy*hqblv ih nklbNzZghbx dpddhjhc hgb \klj_qgZx
g_dhlhjhf j_ij_a_glzlb\ghf dhjimk_ |_d&lhéah\i&y qZkll
[mMm~_I ijb[ebabl_evgh h[jZlgh ijhihjpbhgZevgz ]l
ghf_jm gZaul\Z_fhfmNjXghf>Pbin \ hkgh\hiheZ]zZxs_
jZ[hl_ > @ \ukdZau\gkeh fuklevjZzkij_~_e_gb_ ©fbgbfb:
mkbeby¥zZg”® ev[jhl > @ hibkZe Ilhggmx fzZIl_fZlbqg_kd
ihkljh_gby fh~_eb aZzdhgZ PbinZz

. bf_ggh _keb fu \\_~ f ©p_gm?& kha”Zgby bkihe
keh\Z jzZ&NlZh[hagZqgb\ __&q_fhajzkij_"_e _odklhl
L1t?f"° 06 fhgbfbabjm | highr &b+ ]7& A L% +
kKji_“gyy p_gZ h~rghlh *ehFZA,LLZZ %hy *= kj_"gyy
wgljhibkby @

<h \k_o ih*h[guo gZrbo bkke_"~h\Zgbyo > @ > @
wfibjbg_kdb gZ[ex%ZKkifju”_e_gby hlghkylky d njzZ]f
ihl_gpbZevgh kqg_lgh]lh [_kdhg_qgh]lh fgh _kI\Z h]
Pbinz dhlhju_ ~Zxl azZ\bkbthkZlkli®jz?glb ©dhetbhq_kI\
gzZklhlz2 iha\heyxl j_rzZlv ZdIimZevgu_ ijh[e_fu e
ebl_jZImjghc 1 _hjbb <BxghgbazZda wlbo #azZdhgt
kms_ klI\h\Zgb_ mgb\ _jkZevguo dhebqg_kI\_gguo o0Z
g_eh\_g_kdbo | _dklh\ g _az\bkbfh hl yaudh\uo Jjmii

Bkke_~h\Zgb_ ihdZaZeh glh fzZl_fZlbg_kdbc Z
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hkgh\Zgguc gZ bkihevah\Zgbb azZdhgh\ PbinZz
bgnjfzpbhgguo oZzZjzdl_jbklbd ijb\h~yl d gh\uf \he
hp_gdb dzqg_kI\Z ebl_jzZImjguo i_j_\h~"h\ Fh gh hij
khhi\_IklI\b_ i_j_\h~Z kljmdImj_ yaudzZ gZ dhlhjh
i_j_\h”~ qlh b [ueh gZfb ijh~_fhgkljbjh\Zgh gZ ijbf_j
iv_ku &byfzZz R_dkibjz ©=Zfe_I2 > @

<h \k_o kemqgZyo fu klZedb\Z_fky k g_h[oh”bfhl
[hevrbfb [ZaZfb ~Zgguo < gZklhys_c jzZ[hl_ hi
dhfivxl _jgZy ijh]jZ&Z& R @@ kharZggZy ~ey ZgZebaZz
[_dklh\ Z 1zd _ ijb\_~_gu j_amelyZw higbifihgjZffu "ey
mkh\_jr_gkl\h\Zgby ebl_jZImjguo i_j_\h”h\

Ijh]jzffzZ&&RQDQ? ihkljh_gZ gz [Za_ [he__ jZgg_
ijhljzffu gZibkzZzgghc gZ yaud_ ijh]jzffbjh\Zgby K
jZajZ[hldb dhlhjhc bkihevah\Zeky ijhkl_crbc Ze]hjl
| _dklh\uo “Zgguo khklhysbc ba IZdbo wlZih\

tkgblu\Zgb_ |I_dklh\h]h nZceZz

tjZaeh _¢gbdklZ gZ keh\Zz

tih~"kqg_I| gZklhlu \oh ™~ _gbc keh\

tbkdexqg_gb_ih\lhjyxsboky keh\

t\ugbke_gb_aZdhgh\ PbinZz

ljh]ljzffz bf_ez ijhkl_crb_ Zelhjblfu dhlhju_
Ahklzlhqgh ]Jjm[u_ “himkdb \ ih*kq_IlZo GZzZijbf_j h~
fhleh ihkqblzlvky addd jédh ~_gby ih ijbgbg_ g_
kh\iz~_gby keh\ Ih _klv _keb m keh\Z ijbkmlkI\r
ijhljzffz kqgblzZzez 1Zdh_ keh\h dzZd gh\h_ keh\h
\oh™”» _gb_ ij_~u”ms_]h

>ey j_r_gby wlhc ijh[e_fu [ueh j_r_gh Dbkil
iheghl_dklh\uc ilZlakd ~Zgguo dhlhjuc ihalhebe ih
\_jhylghklguc ihbkd b dzd ke_~kl\b_ [he__ lhggmx ¢
keh\ D kh Ze_gbx |Zdhc ih”oh” g_ hijz\~Ze k_J[y ih
keh ghklb b Jjhfhardhklb kbkl_fu Ihwlhfm [ueh ijb
i_j_ibkzlv dhjziflu] bkihevamy [he__ kh\j_f_ggu_ |_o
[b[ebhl_db h~gh\j_f_ggh khojzZgb\ ijhklu_ Zelhjblfi
k\hx wnn_dlb\ghklv

ljb ~_1Zevghf bkke_~h\Zgbb ihke_~gbo ~hklb _gl
|_g”_gpbc \ BL [ueh ijbgylh j_r_gb_ bkihevahuZlv dZc
yaudb ijh]jzZffbjh\Zgby I1Zdb_ dzd 3\WKRQ beb
jZajzZ[hlzggu_ [b[ebhl_db ~ey h[jZ[hldb gZImjZevguo
IDWXUDO /DQJXDJH 7RRONLW ihkljh_gguo gZ
ijh\_~ _gguo \ h[eZklb %LJ'DWD qlh ihl_gpbZevgh
dZq_klI\h ih”kq_IZ \oh ™~ _gbc azZ kq_I m _ hljzZ[hlZ
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jZ[hlu k _kI_kI\_ggufb vyaudZfb glh  h~gh\j_f_gg
jZajZ[hldm ijbeh” _gby Z 1Zd _ ij_~hklZ\ey_ | iehsz?
ijhljzffu dZd iheghp_gighéh\_ dby "ey hgeZcg bkke_~t

Kibkhbkihevah\Zggdbqggbdh\

&LHOHQ ' ,QWURGXFLQJ 'DWD 6FLHQFH %LJ
PRUH XVLQJ 3\WKRQ WRROV '‘DY\ &LHOHQ $U
6KHOWHU ,VODQG ODQQ+tQJSIIXEOLFDWLRQV

Hjeh) FZrbggh_ h[mq_“geby ;hevrbo >Zggu
>We _dljhgguc j_kmjk@ :g”j_c Hjeh\ KiMdelu_ kit

t< +J_"bf "hklmiz KWWSV ZZZ RVS UX RV

=LSlI * . +XPDQ EHKDYLRU DQG WKH SULQFL
.LQIJVOH¥&DBEUL GG EIRQH\ <+ i

ODQGHOEURW < $Q LQIRUPDWLRQ WKHRU\ |
ODQJXDJBHNQGKHOEURW &RPPXQLFDWLRQ*7KHR
"REXUQ %XWWHUIZRUWK

0DQLQ <X , =LSITV /IBURPREBELOHNVLQAVWULE:
, 0DQLQ JXQFWLRQDO $QDG\VLFIRIG £ WVXBES O

+J

.LY : ODWKHPDWLFDO VWXG\ RI HYROXWLRQ
' *RQFKDYUHQBERGRY / %RGQDU&RP SB WHIRFBERG H

1HZ THFKQRORJLHV %J

LY : AXDQWLWDWLYH DQDO\VLYV RI WUDQVO

2 %9ULWDYVND ( 6HGRY 1 <DUHPFKXN 0 <DNR’
1HZ THFKQRORJLHV & %J

5HIHUHQFHV WUDQVODWHG DQG WUDQ\
&LHOHQ ' ,QWURGXFLQJ 'DWD 6FLHQFH %LJ
PRUH XVLQJ 3\WKRQ WRROV 'DY\ &LHOHQ $UC
BKHOWHU ,VODQG ODQQ+QJSXEOLFDWLRQV
2UORY $ ODVKLQQRH REXFKHQLH GOLD %R
OHDUQLQJ IRU %LJ 'DWD@ >(OHFWURQLF UHVRXU

68%' * * 1R + $FFHVV PRGH
KWWSV ZZZ RVS UX RV ,Q 5XVVLDQ
=LSlI * . +EKEPBQYLRU DQG WKH SULQFLSOH F

LQJVOH+&DBEULGJH x$GGHVRHQ |
ODQGHOEURW < $Q LQIRUPDWLRQ WKHRU\ |
ODQJXDJBNQGKOEURW &RPPXQLFDWLRQ+7KHR
'REXUQ %XWWHHWIRUWK
0DQLQ <X , =LSIfV /DZ DQG / /HYLQ 3UREDI
, 0DQLQ )XQFWLRQDO $QDOWLYV HDIRD , WV $S¢
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LV VX HJ
LY : ODWKHPDWLFDO VWX\GALBIQHY RQIDLIRIQ
*RQFKDYUHQERGRY / %RGQDU 1 <DUHPFKXN
1HZ 7THFKQRORJEHV +J
LY : 4XDQWLWDWLYH DQDO\VLV RI WUDQVO
2 %ULWDYVND ¢DE&HERKXHE 0O <DNRYOHYD  &RP
1HZ 7THFKQRORJEHV & +J

SHFHLYHG 0D\ LQ UHYLVHG IRUP 0
0D\
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F_Ih*heh]eqg_ aZ[_ai_q_ggy \bdezZz”~"Zggy m A<H |
rimgghlh gl _e_dimegmddgrkngdZp+s€ agZgv

1]hj :gZlheech\bqg Bfiblljh FbdheZch\bg >m~* q gdh

DzZn_"jzZ fh~_ex\Zggy |Z ijh]ljzfghlh azZ][_ _C
><G,®Djb\hj-avdbc gZpehgZevgbc mge\ kal I
\me <elZeey FZImkfbDhh¥bc J-] Mdjz€gZz

ULRH[LWR#JRKEDLYQLERBLPH #JPDLO FRP

:ghlZpeyF_Ihx ~hkee<""_pgyhajh[dZz f_Ih~heh]eqgt
aZ[_ai_q_ggy nhjfZevgh&e ljgohéjgh*_es mgenedZp-
ih"Zggy agzZgv \ kbkl_fZo rimqggh]h +gl_e_dlm < jh
\bdhjbklZzggy nhjf ih~"Zggy ijhn_kecgbo agZgv "ey
ijbcgylly mijZz\eegkvdhrazjeZ2ggdtb "hkedh[%gjayglm\Zggy
IZ jhajh[dZ fh”_e_c¢c mgenedZpe+€ ih~"Zggy agZgv \ k
jer_gv a \bdhjbklzggyf mhgflAekidplggh]h i« hghtMmgglz_
jhajh[dzZ « ijzdlbqg_ \ijh\Z~""_ggy mgenedh\Zgh€ fh”"
ijhn_kecgbo agZgv m kbkl_fZo is*ljbfdb jer_gv } ZdIn
ijh[e_fhxH[f}dIhf “hke*"} _Qgbop_k fh*_ex\Zggy e« ih[m’
gl_e_dlmzZevgbo kbkl_f ierljbfdb \er\#h bkl hdkgih
mgenedh\Zgbo nhjf ih"Zjggy dgZghkes""} qdnyfZevge-
fh" _ee mgenedZpe+€ ih~"Zggy agZgv \ ¢gl _e_dimZevghb
ijbcgylly jer _gv H[%]jmglh\m}Ivky g_h[oes*geklv jhajh
ijhljZzfgbo kbkl_f azZkgh\Zgbo gZ agZggyo “ey Z\Ilh
d _jm\Zggy ijbcgyllyf jer_gv hfhmb idZah"e dh gz
\bdhjbklh\m\ZgzZ nhjfzZz ij_~klZ\e_ggy agZgv ih\bgg
hdj_fbf \biz~rdhf qZkldh\hx nhjfhx azZ]Zemgh€zZth"
"hkee~" _giotyey]Zxlv m jhajh[pe fh”_ee 3}~bgh]h |
NeZe dlbggh]lh ie"oh”m ~"h egdhjihjZpe§bohraZpHhyv ij
AZijhihgh\ZgZ kljmd]mjgh fh”_ev ih~Zggy ijhn_kecgl
fh” \bdhjbklh\m\zZIbky \ ydhkle f_Ih~heh]eqgh]h
\bdeZ"Zggy m A<H | _ogheh]ec rImqgh]h egl_e_dIm ¢
agZgv Jhajh[e_gZ thfZeng fh’\_gaZVJrthg]“gZyna\ng‘v\g
nhjfZzevgh€ fh\b KI\hj_gZ nhjfZevgZ fh®_ev hglheh]e
f ozZgeaf ih[m~h\b [Za agZgv " _deZjZlb\gh]lh ozZjzdl _

Dexgh\s kehh4dfZevgZ esg]\eklbdZ nzZd\jbkdbtdezh]ey
[ZaZ agZgv e+gdhjihjZpey
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,$ .RWRY 'XGFKHOHWRKRGRORJLFDO VXSSRUW
DUWLILFLDO LQWHOOLJHQFH WHFKQRORJLHV LQ
XQLILFDWLRQ

$EVWUBKBWR| WKHLVWKRGEGHYHORS PHWKRGROR
IRUPDO VWURBWROUD ®RGEHD R WKH XQLILFDWLR(
UHSUHVHQWDWLRQ LQ DUWLILFLDO LQWHOOLJHQ
IRUPV Rl UHSUHVHQWDWLRQ RI SURIHVVLRQDO N
PDQDJHULDO G HRAELWH R\Y MY HRKR GV W R VXEVWD Q\
GHYHORS PRGHOV IRU XVLQJ WKH IRUPDO OLQJXI
UHSUHVHQWDWLRQ LQ GHFLVLRQ VXSSRUW V\V
SUDFWLFDO LPSOHPHQWDWLRQ RI D XQLRIGD®O PR
NQRZOHGJH LQ GHFLVLRQ VXSSRUW V\VWHPV LV
REMHFW RLVYNWMHDSBRFHVV RI PRGHOLQJ DQG E»
IRU VXSSRUWLQJ VROXWLRQV EDVHG RQ WKH X
UHSUHVHQWREWRR| UKNHRWPKHO PRGHOV RI WKFE
NQRZOHGJH UHSUHVHQWDWLRQ LQ LQWHOOLJF
QHFHVVLW\ RI GHYHORSPHQW RI XQLILHG VRIWZI
GHFLPDRQQJ PDQDJHPHQW LV JURKK GHIEF K: IXW K GV
RI NQRZOHGJH UHSUHVHQWDWLRQ VKRXOG EH FF
IRUP RI WKH JHKHUHD/X @REVHOEWMKWMR GHYHORS D
D XQLILHGVDOWHARLFDO DSSURDFK WR LQFRUSF
SURIHVVLRQDO NQRZOHGJH 7KH SURSRVHG VW
UHSUHVHQWDWLRQ Rl SURIHVVLRQDO NQRZOHG,
VXSSRUW IRU WHDFKLQJ RI DUWLILFLDO LQWHO
EDVHG RQ WKH NQRZGHIRIH XQ LPRFECHOL RRQU UH S|
NQRZOHGJH DW WKH OHYHO RI JUDSKV DQG IRUF
IRUPDO PRGHO RI RQWRORJ\ KDV EHHQ FUHDWHG
FRQVWUXFWLQJ NQRZOHGJH EDVHV Rl GHFODUD\

.H\ZRUG®DO OLQJXLVWLF IDFW RQWRORJ\ K
LQFRUSRUDWLRQ

$IILOLDWSRQWPHQW RI VLPXODWLRQ DQG VRI
1IDWLRQDO 8QLYHWWDIONM20DWWWHY\FRKY\L 5LK
SNUDLQH

(PDLO ULRH[LWR#DJPDGOURRM #JPDLO FRP

ljb nhjfm\Zgge gZ\fgqZlke#¥lypgbo dhfie_dke\ A<H
ihr"Zevrhlh \bdezZ”Zggy |_ogheh]ec rIimgghlh e<gl_
ZdlmzZevgZz ijh[e_fzZ ih~"Zggy =<+ fh”_ex\Zggy hglh
\bdhjbklZzggyKi_jlgbo kbkl_fZo =heh\gbf az\~"Zggy!
mgenedZpey hglheh]ec yd nhjfZevgh€ kbkl_fb ih*Zggy
;_aeesq jh[el \elgbagygbo <« aZjm[e gbo Z\lhje\
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nhjfZeeazZpe+€ =+ kbkl_fZlbazp+€ hglheh]ec yd az
ijhn_kecgbgvayzZ@

M gZc[eevr aZ]Zevghfm \b]Jey”es hglheh]ex fh gZ ij_
nhjfZevghx ki_pbnedzZps}x)! ~_; +degp_\Z fgh bgZz
dhgp_ile\  ihgylv | _jfege\ ij_~f_Igh€ h[eZkls vyd
hglhehHe$ +degp_\Z fgh 'bgZ \e*"ghkbg fe ikdpgldyibzZzfb
| _jfegzfb az”rZgh€ ij_~f_lgh€dhdpzZz¥dsfgh bgZ nmgdy
egl_jij_lZp*€ ZdkehfZlbazZp-€ azZz"Zgbo gZ dhgp_il
hglhehHe«€

ljib gZdezZ”~ _gge i_\gbo mfh\ h[f_~ _gv gZ dhfih
hglheh]«€ fh 'gZ hljbfm\Akbzihdp fmhjfZevgbo hibke\
0ZjZdl _jge ey jeagbo ijZdlbggbo azZklhknmB\Zpgy GZij
) ¥ hglheh]ey ljZgknhjfm}lvky \ _e_f_glZjgbc keh\
\biz~»dm 58jbt 2 z%+ hglheh]ey i_j I\hjx}lvky gZ keh
fgh bgm nmgdpec_bkgpegijchlh | _jfege\ dhdgb ;dh ghf
ihklZzZ\e_gZ m \e~rih\ergeklv nmgdpey<egQbjfij[d1&prE
Zilmf_gle\ m nimddpe€evrbc kimiegv gl _jij_IZpe€ a’
hglheh]ey

;m\ ijh\_"~ gbc "_IZevgbc k_e_dlb\gbc ZgZe+a gZ«
nhjf ihr*Zggy agZgv > @ AZ j_amevlZIZfb ZgZe+sam
IZdbo kljmdermjghgbo fh” e ¢ ih”"Zggy agZgv "ey
egdhjihjZpe€ hglheh]ec ZlhfZjge \bkehlex\Zggy nZ
f j_ "¢ ijh~*mdpecge f_j_ "¢ f 1ZagZggy f_lZhglheh]-€

M sagbo jh[hlZo a- rImqgh]h gl _e_dIlm ¢ _dki_jlgl
©zlhfzjg_ \bkehlex\zZggy? fzZ} jeagm k_fZglbdm ;
\bkeh\ex\Zggy _d\e\Ze_glhf ihlhdm kbf\hee\ degp_\h
nhjfZevgh€ kbkl_fb ih \erghr_ggx “h ydh]lh azZ[hjl
Nih[e_ggy =heh\ghx \ezZklb\eklx \bkeh\ex\Zggy } ch]
ob[geklv HA”gbf a gZc\Z eb\erbo f_Ih”e\ nhjfZeeaZp-f
deZkbnedZpey DeZkbnedZpey } hkgh\hx ~ey ijhp_"mj
\eAghr_ggx ~h \bkeh\ex\Zgv

M ~_ydbo jh[hlZo dnaAdljbyih~"Zggy agZgv \bklmi
kbghgefZfb \bkeh\lex\zZgv ZfXxkgrBoyde kdeZ” h\e 7
ij_"bdzZlb\ge nhjfb AgZq_ggyf nZdlm \ [eevrhkle dhgl
Z[h <klbgZ NZdlb yd nhjfb hjl]ZgeaZpe+€ egnhjfZp-€
NZgbo « f_j 7 \be thMNjbdez~Zfb nZdls\ fh mlv [mlb IZ
©LjzZgknhjfZlhj fZ} "\e h[fhldb2 ©>sy \bfbdZg d< !
azZlzevghfm \bizArdm \ [eevrhkle jh[el ijbcfZ}Ivky sl
aZibk sh \ aZe_"ghkle \e”r dhgl_dkim fh _ jglbgey”ZI
dhgp_il Z[h yd kljmdImjzZz Yd ijbdezZz” nzdlm fh gz
k_fzglbqgh]lh ljbie_ImZIhdfimdegZq_ggy Ih \e*ghr_ggx
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nZdls\ fh mlv [mlb j_Zeeah\Zge ijhp_"mjb ihje\gy(¢
gZkldh\h]lh ihje\gyggy i_j_\ejdb gZ <klbggeklv Ihsh

K_fZglbqge f_j_ "¢ } h”rge}x a gZc\Z eb\erbo nhjf ih
gl _e_dlmZevgbo kbkl_fZo Ijb ih[m~h\e k_fzgl
ijh\h~blvky deZkbnedZpey Ibie\ h[f}dIle\ « \b"ee ggy
\b~re\ a\fyade\ fe° gbfb MaZ]Zevg_gbc h[f}dlekdlIbqc
h[f}dle\ ijh[e_fgh]lh k_j _~h\bsz K_fZglbdzZ h[f}dle\
g_j_a ihgylly ihne€ \eZklb\hkle Zljb[mlb K_fZ
jhadjb\z}Ivky qg_j_a eesg]\*klbqg- elfpggdegge!l _hj
d\Zglbnedh\Zges \e*ghkbgb <bdhjbklZggy KijidhZjb k
\bagZqZ} dhfie_dk hi_jZpec ydbc aZklhkh\m}lvky ~h
ljbdez”~Zfb gZc[eevr ihrbj_gbo hi_jzZpec gZ k_fZglbqg
ier"jZomghd gbkeZ h[f}dle\ af}*"gZgbo az~zZghbf
\klZgh\e_ggy 1Z Zgmex\Zggy \*~ghkdtgk N *kmbgdhxklgZ
\erghkbg fe' azZ~Zgbfb h[f}dIZfb Ihsh >h [eevr kde
gZe_ "Zlv ihnee k_fZglbggh€ f_j " agZoh”~™ _ggy
\erih\erZ} azZ”rZgbf mfh\Zf ihje\gyggy aec ajZadhf

GZ kvh]h~ge gZcihrbj_gerhx nhjfhx ih"Zggy agZgv
nhjfz AZal\bqgzZc \ ijZdlbpe ih[m~h\b _dki_jlgbo kbkl_
gZklbgzZz dhgk_d\_gl } ijhklbf \bkeh\ex\Zggyf Z qZk
fh™_ [mlb kdez”gbf kdez~h\bf \bkehlex\Zggyf kn
Ahihfhlhx eh]leqgbo a\fyahd >ey ijh "mdpbcmkigZt? ~eb

Q
0OS038058« éQo<Z[hL§;LO< ey ijh"mdpe+€ +©:;H?2

Q
0O0>0>0>«>Qo0 <Z[hL> ;L0 <

F _IZagZggy \e*jeagyxlvky agzZqgbf klmi_g_ f Z
\erghr_ggx “h agZgv ij_"f Igh€ h[eZkle Kmlgeklv f_
Ihfm sh \hgb j_Zeeamxlv f_Ilh”b jh[hlb ae agZggyfl
F_1ZijzZ\eezZz Z[h f_lZagZggy fh mlv [mlb ij_~klz\
ijh "mpadcgbf nhjfZzeeafhf ydbc \ k\hx qg_jlm | _Zes:
f j_ " Ve kljmdInmjbl) 1) « 1).« 1l)g* 1) *fgh'bgZ
kljmdImjgbo nhjfZeesafe\ agZgv sh \bdhjbklh\mxIvky
kbkl_fe3+ijhp_~mjz \b[hjm k_e_dlhjg31)ZdZ4d).sh
1), 1) 1).xj_amevlZl jh[hlb f_IZijz\eeZ F_lZagZggy |
gl_J]jh\Zge \ aZ]Zevgec [Zae agZgVv Z[h gZ\elv [mlb
ijh]jZzfghlh dh”"m egl_e_dIimZevgh€ kbkl_fb

ljh\_~ gbc ZgZeea 1Z ih[m~h\Zge fh”™_es gZ"ZX
ajh[blb \bkgh\hd sh \ jeagbo gl _e_dimZevg
\bdhjbklhimxIvky jeage aZ «*~_heh]e}x o j_ZeeaZpe+€ n
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Py h[klz\bgz g_ ~Z} fh eb\hkle fZkh\h€ r\bArdh€ « ’
egl_a@lmzevgbo kbkl_f Thfm \ jh[hle ijhihgm}Ilvky h”¢
mgenedZpey jeagbo nhjf ih"Zggy agZgv LZdZ mgen
fh™_ [mlb \bjZz _gZ q_j_a +*}jZjoex maZ]Zevgxx(!
j_Zeeah\Zgm \ f_oZgeafe \hexpecgh]lh mkiZz*"dm\Zggy

Kibkth \bdhjbklZgbo ~ _j_e
Lmah\kdbdt Kbkl_fu mijZ\e_gby agZgbyfb f_
|_ogheh]bb N Lmah\kdbc QWjbdh\ A¥fihevkdbx
Lhfkd Bavth GLE k
Hkm]Zz K H[jZ[hldZ agZgbc i_j kFihgFbjK HI
* k be

5HIHUHQEHD\Q \DIBAHD® VOLWHUDWHG
7X]JRYVNLL $ ) 6LVWHP\ XSUDYOHQLLD ]QDQ
> QRZOHGJH PDQDJHPHQW V\WVWHPV PHWKRG
$) 7X]JRYVNLL 6 9 &KLULNRY7RPVN ,PRGROVNL
+ V ,Q 5XVVLDQ
2VXJD 6 2EUDERWND ]QDQLL >.QRZOHGJH S
62VXHD OLU * V LO ,Q 5XVVLDQ

SHFHLYHG $SULO LQ UHYLVHG IRUP
$SULO
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ljh_dIim\zZggy fde ij ~f _Igh€ h[eZkle ey egnhjfZpec
isMjbfdb \b\g_ggy | _dgegbbh]leggbo “bkpbiee-g

DZIl _jbgz /\]_geNjg¥gbdK jlec <elZeech\blg =jb[dh\
DZl _jbgz Xj*€\gZ Qhjgh[Zc
DZn_"jZ sgnhjfZpecgbo kbkl f GZpehgZevgbc mge\_
| ogheh]ec \me <heh”bfbjkbé¥ MdjzZz€gZ
O EREULYQ\N#XNULRBW X IW#RQDXVWFKEX XREDL#JPI

:ghlZpey_lhx "hkee? }lggly_dim\Zggy 1Z ih[m~h\Z fl
ij_"~f_lgh€ hl[eZkle \b\g_ggly obghedi]qggbo ~"bkpbie
AZ"ZqZfb "hkedr"Zgdeya « fh”_ex\Zggy ij_"klzZ\e_ggy
\bre\ aZgWW}ldlhf ~hkee"} djgwp_k \b\g_ggy |_ogeqg
I_ogheh]eqgbo ~bkjpbifeeldnf ~hkee~” lgoewynhjfZpecgz
ierjbfdZ nhjfm\Zggy kljmdIimjb gZ\qgZevgbd ~bkpb
ZNZilZpey “~h[hjm eg”b\e"mZevgbo azZ\"Zgv i qZ
Zm~blhjghlh \b\g_ggy le@aqiglgd « |_ogheh]eqgbo ~bl
M jh[hle ijh\_~ gh ZgZeea maZ]Zevg_ggy |IZ kbkl_fz
ijh[e_fb ijh_dIim\zggy fh~_ees ij_"f_lgh&ZekiphZEkl-
"bkpbieegb nhjfm\zZggy kljmdImjb ijh]jZzfb \b\g_ggy
IZzdh™ aZzijhihgh\zZgh Zelhjblf jhaih®eem \ZjeZgle\
ZNZilZpe}x "~h je\gy agZgv kIm~" _glz Fhr _ev ij_ "
%jmglm}lvky gZ \bdhjbklZgges ihgyll}\h€_fghgy ¢meh”e
\bdhjbklZgh hglheh]ex yd gZhggm c IZdm sh aZ[_ai.
fh eb\hkle ~hih\g_ggy ¢ jharbj_ggy LZdh" i_j "~[Zq_
gZ[hjm eg”b\e*mZevgbo az\*"Zgv ”~ey dh'gh]lh kim~
kdez”ghkleamevlZlb ~hkeesteZgoyMvkmazZ]Zevgblb n
j_dhf_g”~Zpeyo sh”h jhajh[e_ggy fh*mey ij_"f_Igh€ |
| ogeqgbo « | _ogheh]eqgbo “"bkpbiee-g

Dexgh\s kehhglheh]ey dljhgge attkh[bév ij_"f_Igh€
h[eZkle "bkpbidkgbjlge hpegdb

. <H%REULYSQONU\ENRY<X&KRUQREBVLJQ PRGH
RI WKH VXEW R FlV) IRWHPDWRRQVMREQREIO DQG WH
GLVFLSOLQHV

$EVWWIXFHWDLP RI WKHVRWGHBALIQ DQG FRQVWL
OHDUQLQJ GRPDLQ Rl WHFKQLFDGJKMHOBEMHYKQ R
WKH VDMW¥XGWR DQDO\]H DQG PRGHO WKH SUHVH
FODVMEH REMHFW RV WKKH VSUMRGEHVYV RI VWXG\L
WHFKQRORJLFDIOHGULXEMS 6 WQERN W ROHRWWRB\LRQ W
VXSSRUWLQJ WKH IRUPDWLRQ RI WKH VWUXFWXL
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DGDSWLQJ WKH VHOHFWLRQ RI LQGLYLGXDO DV
FODVVURRP VWXG\ RI HQJLQHHULQJ WMFEKBLFD(
ZRUN DQDO\]HV VXPPDUL]JHV DQG V\VWHPL]HV
GHVLJQLQJ WKH VXEMHFW DUHD PRGHO RI WKH |
WKH VWUXFWXUH RI WKH SURJUDP RI VWXG\LQJ
RI GLVWULER®WRRQRM MR¥EK WKHLU DGDSWDWLRQ
OHYHO 7KH GRPDLQ PRGHO LV EDVHG RQ WKH
FRQVWUXFWLRQ RI ZKLFK DQ RQWRORJ\ LV XVHG
DELOLW\ WR FRPSOHPHQW [RJGNVK[S BQGF l7K®IL (RHU
VXJJHVWHG WR EH FDUULHG RXW RQ WKH EDVLV
Rl WKH GLVFLSOLQH 7KLV DOORZV \RX WR HY
PDWHULDOV LQ WKH IRUPDWLRQ RI WKH FRQW
VSHFLDOW\ ,W DOVR SURYLGHV IRU WKH DSSU
DVVLJQPHQWYVY IRU HDFK VWXGHQW WDNLQJ LQW
7KH UHMXOKHVWXG\ DUH SODQQHG WR EH JHQHU
IRU WKH FUHDWHRQ RUHDX PRGXOH IRU WKH V\
WHFKQRORJLFDO GLVFLSOLQHYV

H\ZRURWQWRORJ\ HOHFWURQLF OHDUQLQJ Gl
DVVHVVPHQWV

$IILOLDWSRQWPH@\R UPIDWLRQDWYRGPY 8QLYH
JRRG 7HFKQRORORHMPEVWWN\D Y SNUDLQH

( PDLA@D EREULY Q\N#¥NULRBWY X IW#QXIW HGX XD
NDW FKRUQREDL#JPDLO FRP

Jead_ afeevr_ggy egnhjfZpecgbo ihlhde\ ih [Z]Z
gZmdb |_ogedb 1Z |I_ogheh]+s€ 1Z ajhklZxqges \bfh]b ~t
ih\ghlb ij_"klZ\e_ggy ij_"f_lgbo hl[eZkl_c ZdImZz
h[f}dlIb\gh]lh « g_i_j_j\gh]lh nhjfm\Zggy kljmdImjb |Z a
"bkpbieeg > @

>ey hibkm fh~_ee« ij_~f_Igh€ h[eZkle \bdhjbklZgh
"hklZlgvh gZhgqgm « IZdm sh fZ} figgegbihjlardhilg\gy
[zdh™ rbjhdh \bdhjbklh\m}Ivky \ jeagbo ]Zemayo "e
agZgv m ij_~f_lgechkeBkédegZ feklblv jy®» gZ\gZevgbo
peee | _fb e_dpe€ ijzZzdlbgge |_klb gZ\qZevge nj
Hglheh]ey kl\hjx} egnkjfzpapgdbk ij_"~f_lgh€ hl[eZz
ih\ghpeggbf njz]f_glhf ydh]h } hglheh]ey “bkpbiesgb

< hkgh\m fh~_ees gZ\qgZevgh€ "bkpbieegb ihdez”_g
\bagZqzZxlvky gzZ\gZevghx ijh]jzZfhx gZ[mlly ~_d
ijhp_~mjgbo agZgv < nhjfm\Zggy \fefpklbhbkjylie-gd
gZ\qZevgbo h[f}dls\ yd ihdZaZgh gZ jbk peees |
| _klb gz\qZevge njzZ]f_glb ihgylly
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(™)
() !
i) (i)
D

OO
[> <=

| Tonsarta (cp)

Jbk 1}jZjoeggZhh{YgtHyhgZ kljmaZNgg&vgbo h[T}dle\
"bkpbieesgh

I+~ gZ\gZevgbf njz]f_glhf jhamfe}fhglaéekld\fhglh
kbkl_fb agZgv “bkpbieeghb sh o0ZzZjzdl_jbam}lvk
h[%jmglh\Zgbf afeklhf nhjfhx ij_"~klZ\e_ggy i_\gbfb
\eNih\erZ} gZijbdez”™ ijbgpbih\ec ko_fe ihykg_ggx *
fmevlibf_~ecghfm nZcem |hsh Hkh[ab\dgxqolgdo g |
I_ogheh]eqgbo gZ\gZevgbo "bkpbieeg } h[h\fyadh
gZ\qZevghfm ijhp_ke ijZdlbggbo <« Z[h eZ[hjZlhjgbo
jhaih”eeyxlvky gZ | _hj Ibqge ijZdlbqge dhgljhevg:-

;m~rydZ ~bkpbieegzZ j_lezf_glm}lvky gZy\geklx ¢
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jh[hgh€ ijh]jzfb m kdez”e ydbo \bagZq_ge I_fb ]h”b
IZdh® kihkh[b €0 hijZpx\Zggy <bgbdZ} ijh[e_fZ m j
\b\q_ggy | _f gZ\qZevgh€ "bkpbieegb Z kzZf_ azZ[_ai_q
\bree_ggy gqZkm fe* Zm~blhjgbf \IX\kZFhktecgdyf hpegd
\Z]lb |I_f ~bkpbieegb azZzklhkh\Zgh fh”*bnedZpex f_Ih
*}jZjox&Zljbqgbc f_Ih~ _dki_jlgh]lh hpegx\Zggy ydb«
\bjer_ggy azZ\"Zgv a \_ebdhidthpwdeKdavl jgZlb\ hkd
deevdeklv ihje\gx\Zgbo gzAgBevgmolb [sevr_ ~_kylb
nhjfm\Zggy ]jmib _dki_jle\ ij_~f_Igh€ h[eZkle \bdh
©kge]h\h€ dame-?2 >

AZ"ZqZ \+~"[hjm |_f gZ\qZevgh€ ~bkpbieegb Z IZdl
\ ' aZe_"ghkle \e® €0 ZdImZevghkle \Z eb\hklé¢en\Tyar
NZgh€ ki_peZevghkle gZ gh\bc gZ\gqZevgbc jed fZ} \b]

o ! Q\L/wi Y, No d WNUNU

9,5, WNUNU
N QWgz\qZevgZ |_fZ "bkpbieegb « fh™_ ijbcfZlb leevc
agZq_QW ydslHz |_fZ \e~[bjZ}Ivky ~h \DQW§_ aquahsZ[h
geL «Ptghf_j | _fWMWdeevdeklv J]h*bg ydZ \b"eey}
dj_"bl Zdz~_feqgbNWhebgdeklv dj YH\Z1Z |_fb
\bagZq_gZ \ j_amevilZINtdki_ntpalg!l \bagZq_gbc jZ
| _fb « \bagZqgZ} \b”b hijzpxXRZdgegvieidv aghhdgbo
| _ fljbghfm \&]Z ydsh gZ ~Zgbc i_jeh™ | _fZ g_ \dexqg
\b\g_ggy
AZlZevgbc Zelhjblf hpegx\Zggy * nhjfm\Zggy gZ\c
gZ\_~ _gh gZ jbk

l+key \bagZqgq_ggy \Z]b dh'gh€ |1_fb } fh eb\skl
jhaih”eeblb gZk gZ \b\g_ggy |I_f GZ hkgh\s hpegx\Zg
[mMA*mlv \bagZq _ge \Z]b | _f ¢« knhjfh\Zgh j_dhf_g~*Zp-1
kihkh[m hijzpx\Zggy |_fb HmBfAHdZfp dhf_g~"Zmple€ fh°
[mlb ihdez”_ge \ hkgh\m Ze]lhjblfm \bagZq_ggy [Ze
kim~ _glhf | _fb I1Z “"bkpbieegb m peehfm

?e_dljhgg_ gZ\qzZggy i_j_"[ZgZ} Z~Zilb\gbc i<"0
gZ\qZevgbo az\"Zgv yde [ g_ ih\lhjx\Zebkv \ijh~h\"
[Z \e~ih\e~rZgh pdZgv kim~_glZz AZijhihgh\Zgh nhjfm\.
\ZjezZgle\ a”esckgx\Zlb a \bdhjbklZggyf Zelhjblfm
©$0OJRULWKP 5DQGRP SHUPXWDWLRQ?2 sh }
Ner jZclkz ®

KIm~ _gl ihlhdm fzZ} \eZkgbc \ZjeZgl +.a aZ]Zevg
a[_je]1Z}Ivky \ _e_dljhgghfm azZzkh[s gZ\gZggy “ey hljb
nhjfm}lvky gZ hkgh\e a]l]_g _jh\Zgh€ ihke+s~h\ghkl
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aZdjeiex}lvky azZ kim~_glhf ~h aZdegq_ggy \b\g_ggy
kihke[ kijhsm}lvky jh[hlZ \bdez”~ZqZ ihgZgho\*jp
*g”"b\e"mzZevgbo azZz\"Zgv dh gbf kim~_glhf

[ Ilougatox ]
Tlepenix TeMaTHE ¢
JHCIHILTIHE BuanagenHA peETHHTY
¥ ATETEPHATHE
PeecTpania ekcmepTa Lt ¥ -
™ ONINIORAHET PopMYEAHEA pEKOMEH],
N 0 EHEUSHHA TeM
¥
DopMyEAREA 11T TEM
MATPHITE TIapHOTO d:op:‘r}iaaum pEROMERT,.
TOpIiERAHES POIIOOLTY TOOHE HA TEMH
L v
OuUiHIOEAHHA AKOCTI Dopryeanna
AIETCPHATHE HAEYATEHHX 13E]J3HE
- + *
OmiHOBaHEL [ Kinems ]
ANETEPHATHE
TaKTopH TaK
BHUepIaHi?
Hi
Brbdip HacTymEOTO
thaxTopy
Jbk ;elhjblf hpegx\Zggy * nhjfm\Zggy gZ\gqZevg

AZijhihgh\zZge f_Ih~bdb <« f_Ih*"heh]¢€ m kmdmig
egnhjfZpecgm | _ogheh]ex jhajh[db ij_~f_Igh€ h[eZkl
je\ghfejgh jhailb®el&b \bdhjbklh\m\zZIlb gzZ\qzZevge fZIl_
nhjfm\zZgge \feklm "bkpbieeg \ f_"Zo h"ge}€ ki_pe+Zevg
\er[m\Z}Ivky ~hih\g_ggy | _fZlbd jeagbo "“bkpbieeg
ih\lhj _ggy yd gZ\qZevgh]lh fZl _jeZem 1Zd « ®gYyb\e"m
hpegdin_dlb\ghkle fh”r _ees ij_~f _Igh€ h[eZkle ie”0oh”"
gZ\gZevgbo =< jh[hgbo ijh]jzf nhjfm\Zggy gZ[hji
*g"b\e"mZevgbo az\”~"Zgv aZieZgh\Zgh ijh\_" _gg
_dki_jbf_glm
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Kibkhd \bdhjbklZgbo ~"_j_e

'nZgZkw \B HilbfbazZpbyebh™mijz\e_gby ijhp_kk
h[mg_gby >We _dljhgguc j_kmjk @B CrKZg\¥ kfv_dig X
ijh[e_fu gZmdb b h[jZzah\Zgby qZklvtJ_"bf “hklimiz
KWWSV ZZHWXEBQYERQ UX UX DUWLFOH YLHZ"LC

*RO2NM ODWHWKRBXSSRUHFLYOBRLODAHFWURQL
UHVR&UPBH 6 *ROKEN + S + $FFHVV PRGH
KWWS XDHEXVARMGPWM@EWPXEORDGYV PDWUL[

%ODFN 3 <DWHIWHVKXIIOH >(OHFWURQLF UHYV
'LFWLRQMURRLWKPY DQG 'DWD 6WUXFWXUHV  (C
( %ODFN ODUFK + $FFHVV PRGH
KWWSV [OLQX[ QLVW JRY GDGV +70/ ILVKHU<DW

5HIHUHQFHV WUDQVODWHG DQG WUDQ\
$IDQDXHYSWLPLJPRGIHLADDYBHRW FRIEXRPHQLLI
>2SWLPL]DWLRQ RI WKH PRGHO RI PDQOHRAWH@®W L
UHVRESIPH DNKHY 6RYUHP ISQQEHIDHDPARIE UD]R¥D QL LT
+ < FKDVWz* $FFHWRGH KWWSZVFLHQFH
H G X F DVULERWQMLIEKDZS ,BXVVLDQ
*ROQANM ODWHWKRBXSSRUWILYLRRLOOHFWURQL
UHVRUBH 6 *ROEN + S + $FFHVV PRGH
KWWS XDHEXVARMWM@PRPXEORDGYV PDWUL[
%ODFN 3 (<KDUWKWWBXIIOH >(OHFWURQLF UHVF
'LFWLRQDU\ Rl $OJRULWKPV DQG 'DWD 6WUXFWX
( % ODFN ODUFK + $FFHVV  PRGH
KWWSV [OLQX[ QLVW JRY GDGV +70/ ILVKHU<DW

SHFHLYHG $EQLOHYLVHG IRUP $SULO
$SULO
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lih hAbg a i*~oh”s\ sh~h jhajh[db ijbdeZ~gh€ _dki_jl

He_dkec FZjdh\bqg =hkljbd
H~ _kvdbc gZpehgZevgbc _dhghfegqgbc mge\_jk
\mdj_h[jZz _gkvdZ H~"_kZ MdjZ€gZz
DOLF#L XD
:g”jec K_jl*ch\bqg LZjzdZgh\kvdbc
GZpehgZevgbc mge\_jkbl_I|I ©H"_kvdZ fhjkvdz Z
\me>e~jeokhgZ H” _kZ MdjzZ€gZz
#JPDLO FRP

:ghlZpey_lhx "hke*~ "} glggjh[dZ ijh]jzfgh€ h[hehgdt
nmgdpehgm} \ k_j ~h\bse ([FHIOvky\Belgjokhh'dhm\Zgg
ijbdez~gbo _dki_jlgbdzKiZlgZfb "hked4 "Zgdeya <kgmxqb
ie*oh”e\ ~h jhajh[db _dki_jlgbho kbkl_f ~ey jeagbo |
gZmdb 1Z hifqldlIhf ~hkee”  _gjhy dim\Zggy 1Z ZgZe
*g _g_jgbo ijh_dle\ kim~"_gliZzfbf_&KGEGA hkee"" _lggy
jhajh[dZ ijbdez~gh€ _dki_jlgh€ kbkl_fb jhajZomgdm
jh[el o ie~rkbkl_fb \Zjlekgh]lh ZgZeesam ijh[ldimgdl [Z
Hkh[eb\Z m\zZ]Z ijb~ree_gZ iblZzggyf kl\hj_ggy [Zab =
dhgljhevgh]lh ijbdezZfm:RBIKI> Jhaleygmle iblZggy Z-
([FHQhehgdb _dki_jlgh€ kbkl_fb \ R OQIF|le\bsy %R
ydhkle ijbdezZz”m \bdhjbklZggy h[hehgdb jhaJeygmlh
eZ[hjZlhjgbo jh[el kim~_glzfb <GA a \bdtkbkjlzggyf
jhajZomgdm \ajlhlkiph] ddmameviZlb “hketéZgayMvky
maZlZevgblb jhajh[e_ge iheh _ggy sh”h \ijh\Z~" _gg
]Zemae hje}glh\Zge gZ \bdhgZggy |Z ZgZe-+a ijh_dlghb

Dexgh\e kehih _dlijh_dim\Zggwn[e_fgZ kblmZpey
_dki_jlgz kbkl_fz

H F+RVWU\N6 7DUDNDGERXMARQH RI WKH DSS
GHYHORSLQJ DQ DSSOLHG H[SHUW V\VWHP

$EVWURFWRLPVKH VWXG\ LV WR GHYHORS D VR
LQ WKH ([FHO HQYLURQPHQW DQG LV XVHIGHWR
REMKFM WKH VWXG\ DUH WR DQDO\]H WKH H]
GHYHORSPHQW RI H[SHUW V\VWHPV IRU YDULRX\
HGXFDWHR REMHWWH UHVHDUFK LV WKH GHVLJ(
HQJLQHHULQJ SURMHF W R RER MHN YOGRHNQRNRE RAWLG K L
GHYHORSPHQW RI DQ DSSOLHG H[SHUW V\VWHP I
DQG D VXEV\VWHP RI I RSWR NDIDVD \R QV WRI K\WEKDOY/ L \
3DUWLFXODU DWWHQWLRQ LV SDH ® QR KWK B DRVULH/I
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FRQWURO H[DPSOH Rl WKH $&&25" VA\VWHP 7KH -
([FHHOVKH HQYHORSH RI WKH RI[GH WD EOWHWHPYLLQ R
FRQVLGHUHG $V DQ H[DPSOH RI WKH XVH RI WK
WIOHDERUDWRU\ ZRUNV E\ VWXGHQWYV RI M[BH WL
WR FDOFXODWH WKH FRVW R TAKKH USHBVRMIHIFW TV
DUH SODQQHG WR EH JHQHUDOL]JHG LQ RUGHU W
RULHQWHG OVWRP WEWDOWLRQ DQG DQDO\VLV RI GHV

H\ZRUGWRMHFW GHVLJQ SUREOHP VLWXDWL

$IILOLDRWMHR'@D 1DWLRQDO (FRQRPLF 8Q@WYWHUVI
2GHVVD SNUDLQH

1IDWLRQDO EXENWWI LODWULWEPH $EGGHEFMMR Q D
2GHVVD S8NUDLQH

( PDIDOLF#L XD #JPDLO FRP

?dki_jlge kbkl_fb ?K jhaley”rZxlvky kisevgh a [.
fh" _ee Tih\_"eglékb jle\ m i _\gec ]Zemae agZgv a \bi
ijhp_~mj eh]eggh]h \bkgh\dmes gbcgyll¥abAagzgv
kmdmigeklv nzZdle\ « ijZ\be eh]eqgh]h \bkgh\dm \ h

h[ezid@
Kvhlh*rge ©deZkbqgZz? dhgp_ipey _dki_jlgbo kbkl_
jhdZo fbgmeh]h klheelly i_j_"b\Z} k_jchagm djb.

a €€ Jeb[hdhxlzhge}x gZ aZ]Zevghijbcgylbc \ I+ jhdb
ex"bgffzrbggbc +gl_jn_ck ydbc \ ~Zgbc qZk \ ijba
dhjbklm\zZzqz "h~"zZldZo fZc _ ih\geklx \blekg_gbc ]jZne
Ih]h ©dezZkbqggbc? ie”0o*” ~h ih[m”~h\b _dki_jlgbo
malh" " m}bvkhgyllyf j_eypecgh€ fh"_ee ~Zgbo sh mg
_n_dlb\g_ \bdhjbklZggy kmgZkgbo ijhfbkeh\bo KM;>
agzZgv |lzdh]lh dezZzkm kbkl_f

Jhaleyg_fh iblzggy jhajh[db ijh]jzfgh€ h[hehgdb
\' k_j_"h\bse ([FHO + \bdhjbkIiphmiimk¥ gQeyijbdezZ gl
_dki_jlgbo kbkl_f \ jeagbo kn_jZo _dhghfedb gZmdb
Ibf sh g_ \ke \_jke€ ([FHO gz~zZxlv fh eb\eklv klI\hj
\_jke€ ijh]jzZfgbo ijh~mdle\ \bgbdzZ} g_h[o*”*geklv jh]
*RRIOH “ey _n_d[bigh& yydbfb g_h[o*”gh

Az~zilm\zZlb h[[ldBDgdm ?K ~ey jh[hlb \ kRjOMh\bs
[Z[ebpv

Ajhajh[blb ijbdez~gm _dki_jlgm kbkl_fm jhajZol
ijh_dlgbo jh[el o ierkbkl_fm \Zjlekgh]lh ZgZe+sam ijh_d

AkI\hjblb [Zam agZgv gZ i« kdPheijbldglzhev bkl _fl
:DDHJ> > @

A\bdhgZlb dhg\_jlZpex "Zgbp[FHCDDHJ>
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:jl_nzdlijbdez~gh€ _dki_jlgh€ kbkl_fb fzZz} 1Zd+ kde

Apees ijbdezZ”gh€ ?K

Anmgdpe€ ?K

A_e f_glb kljmdImjb

Aklz~e€ jha\bldm @bkl _fb

<ke \bs_ i_j_ekgeg®h\s \bagzZqzZxlv ihgylecgbc
_dki_jlgh€ kbkl_fbKjhk™ hkgh\gbo _IZie\ nmgdpehgm
jhaley”rZxlvky Izdes yd

Z nhjfmex\zZggy ijh[e_fgh€ kbIlmZpe€ Z kzZf_

A\bagZq_ggy pee_c IZ ijbfmrmxgbo aZ\fyade\

A\bagZq_ggy azZ]Zevgbo mfh\

A\klZgh\e _ggy dhjrhges\ 1Z hkgh\gbo Zevl_jgZlb\
hpegpe

A\bagzZq_ggy djbl_je€\ \b[hjm Zevl _jgZlb\

[ jhaley” \bagZq_gh€ ijh[e_fgh€ kblmZp+€ Z kZf_

A\bagZq_ggy ijhp_ke\ 1Z h[T}dle\

A\bagZq_ggy i_j\bggbo ~Zgbo yde hibkmxlv kbim?Z

Adhgkljmx\Zggy f_Ih~m jh[hlb

Aijh_dIm\zZggy fZd _Im \bjer_ggy ijh[e_fb

\ jha\fyaZggy ijh[e_fgh€ kbImZpe-£€

Aegl jij 1Zpey j_amevlZle\ i_j \ejdb ih ~Zgbf d
ijbdeZ”m

Adhj_1m\zggy ihfbehd yde [meb \bagZqg_ge ij
dhgljhevghfm ijbdeZzZ"e

Anhjfm\Zggy jer_ggy gZ je\ge “hkeergh]lh ajzZzadZz

Aj_Zee«aZpey kbkl_fb gZ ijbdez”+ I_klh\bo ~Zgbo \&

AhpegdZ j_ameviZle\ i _j \ejdb

Adhj_Im\zggy degp_\h]h jer_ggy

< ydhkle ijbdezZ”m \bdhjbklZggy h[hehgdb \ ~hih
ijhp_k \bdhgZggyZlhkeghe) jh[hlb kIm~_glZfb g _c
ki_pesZevghkl_c a \bdhjbklZggyf_dklbikljl¥b jhegEomgd
\Zjlhkle jh[el ijh_dIm ?1Zib yde kee® \bdhgm\ZIlb ki1
pvhlh \b"m gzZ\gZevghlh gZ\ZglZ _ggy

Anhjfm\Zggy kljmdIimjb ijh_dIm \ kHpJ>XpRBO gbBD
ierklZ\e \bagZq_gh]h \ZjeZglm f_j_ "~ \h€ fh"_e-

AkI\hj_ggy ~h\ergbdZ j_kmjke\ « peg Z 1Zdh  aZz
*RRJOH IZ[ebpx

Ai_j jZomghd dexqge\ jhadjblly kdeZ"mh[BahggpgaZgV
_dki_jlgh€ kbkl_fb

Aaz\zglz> _ggy az]Zefhkboc \thh j_kmjkzZf \ ijh_«

‘DDHJ*¥[FHO a \bdhjbklZgghdi f4ge jhajZomgdm \Z]l
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"D EJG MijZ\eyxqgbc hj]Z|g
:DE G )
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Nhj
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ihgylecghl]lh Z . . Zjzl
_dki_jlgbo kpkIM12'e 99y \\iiZ\e.q El
. D E
- DE .
- DE )
G:E1A dh?rf’;"er(‘lze"% hehgdijbdezArgh
IZhisy | st agne | =KiZitgnebde] _dkiljie\
- a—g o lijbdeZrghle IZKdZI_]Hj+c
99 dhjbkim\Zqe\
DE
DE
. 'DE <b[ej Th™r]e-
- D EJ :Zab nzdlp\ o agzZgv
ijZ\be hibKZggyhjblfb| h[hehgdb|?K -
lethirL]Zﬁ]- Z1j_1ZI+\ "ZghooZgeafm f_Ih~e\
- ng fhie h[hehpih *m agzZdvjbfZggy
?K agZgv m
Cdki jle
DE ‘b E
DEJ ' DE -
' Nhjfm\Zggy .
nzdibggbo fzighpjzfg | 19KIimdIbigh
IJH?DL : f Ih"bqg_
. e agZgv aZkh[Zfbai_q| goy,
j_ZeealZpy . [_ai_qlggy
egnhjfZpecgt]thehgdb |deeZ"gh sk
aZ[ ai _q glgy ?K '
. . - DE
. DE - DE
- D EJ . Nhjfm\z
GZeZ]lh™ _|gg¥ezZ]lh”® L g9, Jhgyl\?%z
<IJH<:>@?GEGY[Zab angi\jbdeZ"gh€m'?a hA €o
_dkiemZzIizpdybdez~ghg 28 _g_jz{b 2\ .?Jf’fb
_dki_jIZfbdh]g-IheZ]Zit% ?ng

Jbk Nhjfm\Zggy ihgylecgh]h ZizZjZIm ?K
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M ih~"Zevrbo “hkee<""_ggy ieZgm}lvky h[]h\hjblb
iblZggy sh”~h \ijh\Z~" _ggy aZijhihgh\Zgbo iheh  _gv \
agzZgv ahdj_fzZ iblZzggy m~hkdhgZe ggy | _ogheh]s€ 1
IZ hkh[eb\hklhjl]EgeaZpe+€ \ jZfdZo ?K aZe_"gh \e
“hkee<""_ggy

Kibkhd \bdhjbklZgbo ~"_j_e
=hkljbd FH Fh”_ex\Zggy djbah\bo y\bs \ khp:
_dhghfeqgbo kbkl_fZo f_Ih~zfb f_j_ "~ WlhhigZéesam
< < Kheh\ch\Zz ?f_j~r _glge _ff IfMbgtgh€ _dhghfedb
fhghl]jZney azZ azZ] j_"N < B QKhedhkbh\Z<b"Z\_p
<h\ghd X =K

LZzjzdzZgh\kdbclph_dlbjh\Zzgb_ bgnhjfZpbhgguo kb
ijbf_j_ kbkl_fu :DDHJ> mq AHAhkkZb HGW M
k

5HIHUHQEHD\Q \DIBAUHD® VOLWHUDWHG

+RVWP\N ORGHOLXNNQIRLYDRK\VKFKRWVLDOQ
HNR QR P L F/KQWHKPBINKR GFIDHPY H | K HYRIEKGLR)G H OR.IQ J
FULYKNQRP®&QDBLRHFRYRWELEY W KRRGHNVW DRODNE V L V
20 +tRVWYWNG6RORYLPHN G]KADWRE®WPHUG]KHQWC
HNRQRMPIRDRKUMDKDHE0 6ROR YL&RKHDUNDGDY HW V
9RYFKRKX +6

7DUDNDQRYVBURHNW LURNRIPIDHV PULIRQNBIE K
SULPNUWWS$.P25' “HVLJQLQWRUP IWLRIPWL QXK H
$&&25'V\VWHPG [DP SaXF K ISR VRE2GIH V 2 D( 8
+ V

SHFHLYHG ODUFK LBIYHYAVHG IRBPHS)
$SULO
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Fh” _ex\Zggy jhaih”*eem fg@Zjgnfigbo
gZ kexgbo ih\_jogyo \¢[jZpecgbo fZrbg

:g”jec >fbljh\bg FmjZ\kehtlkZg”j <heh”bfbjh\blqg F_jat
Djb\hjeavdbc gzZ\gdbvgihc dhfie_dk «
©O=e+fgZawy_c ZdzZz”~_feqgh]h kijyfm\Zggy?
\me | _ga_gkvdZjb\bcf Je] MdjzZz€gZ
DUGZJIPDLO FRPP#FFMRXUQDOV HX

:ghlZpeyM jeagbo ]Zemayo \bjh[gbpl\Z rbjhdh]h :
gZ[meZ \e[jZpecgZ |_ogedZ 2€ \bdhjbklh\mxlv ahdj
kbidh]h fzZl_jeZem M pvhfm \biZz~dm \Z eb\bf _e_f_
khjilm\Zevgh€ fzZrihgdbezdziljhohlm } \e[jZpecg_ kblh
g_hg_\b~gbo ijh[e_f a ydbfb klbdzZ}Ivky ijh_dIm\Zev
cfhlejgeklv jmcgm\Zggy kbl \gZke+~hd \eZkgh]h j_ahg
f_lhx jh[hlbhibkZgh€ \ pec klZlle } jhajh[dZ 1Z ijh]jzf
fh” ee jhaih”eem gZijm] gZ \e[jZpecgbo kblZo \gZke
<eMih\e”rgh [meb ih&XZVeqhgbkzZlb \erih\ergm fZI_fZItL
fhr _ev jhajh[blb €€ ajmqggm ijh]ljZfgm |j ZeeaZp-=X
\eamZeesaZpe+x hljbfzZzgh¢fyddgborhkes""} gfgyoZgeq
dheb\Zggy sh \bgbdZxlv gZ ieZklbgp4ji*™f Bk \e[jZp
fhr _ev jhaih”em f_o0Zgeqgbo gZijm] gZ kexgbo ih\_
fZrbgd_amevlZlihf “"hked jhagjdyfe_gZ _e_dljhggZ IZ[eb
} ijh]ljZfghx j_ZeecaZpe}x "Zgh€ fh"_ajh[hitdig hiith'dg Z
ijh 1_ sh jhajh[e_gbc \ oh”e "hke+e”" _ggy ijh]jZfgbc
[mlIb \bdhjbklZgbc ijb ijh_dIm\Zgge \¢[jZpecgh€ |_og-
eg _g_jkhgkljmdlhje\ o ijh]jZfekle\

Dexgh\e keh\Z[jZpecgZ | _ogedZ kexqe ih\_joge-
dheb\zZggy j_ahgzgk fzIl _fzZlbgg_fh" _ex\Zggy _e_d

$' OXUDYQ@R¥OHU]JOINR@GHOLQJ RI WKH PHFKD(
GLVWULEXWLRQ RQ WKH YLEUDWLQJ PDFKLQHVT

$EVWUBIFBWDWLQJ HTXLSPHQW KDV EHHQ DUU
LQGXVWU\ ,W LV XVHG LQ SDUWLFXODU IRU V
HOHPHQW RI D YLEUDWLQJ VRUWLQJ PDFKLQH |
VLIWHU 2QHRE WBXRBE®QPYV IDFHG E\ WKH GHVLJ
LV D SUREDELOLW\ RI WKH VLIWHUYV GHVWUXFW
SXUSRVH RI IWKWKHNVEEBYHORSPHQW DQG LPSOH
GLVWULEXWLRQ PRGHO RQ YOBWMVLRRY V$FWRUG
WDYNVH WR GHVFULEH WKH FRUUHVSRQGLQJ PI
FRQYHQLHQW SURJUDP LPSOHPHQWDWLRQ DQG
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UHFHLYHG FGEDWHIF W7 IRHL W KK N VPXIGKDQLFDO YLEUD
DG WKEMMFWKH PRGHO Rl WKH GLVWULEXWLRQ
VLIWHUYV VXUIDFH LQ YUBVB®WQR ILPDPKGEWMNMGO R
VSUHDGVKHHW ZKLFK LV D VRIWZDUH LPSOHPHC
FRQFOWKBWRWKINUW FDQ EH XVHG LQ WKH GHVL
DQG LQ WKH WUDLQLQJ RI GHVLJQ HQJLQHHUV D

_.H\ZRUGWLEUDWLQJ PDFKLQHV VLHYH VXUIDF
UHVRQDQFH PDWKHPDWLFDO PRGHOLQJ VSUHDC

$IILOLDWL\RQL 5LKDWEDRQDO &RPSORRDRLXP
/\FHXP Rl $FDGHPLF $SSURDGEWU.U\YBHBLHKQVND
SNUDLQH

(PDLO DUGZL] #JPMP@®FFRFRXUQDOV HX

<kImiler gzZk _dkiemZlZpe+€ \e[jZpecgbo fZrbg [n

_j_"qgZkg_ ehdZevg_ jmgbm\Zly\gyjokgxy ;meh \bkm
|Jb|ms ggy sh cfhlejghx ijbgbghx pvh]lh y\bsz }
ijhklhjh\bo dheb\Zgv sh \bgbdzZxlv gZ kblZo \ jh]
fZrbgb LzZdbf gbghf \bgbdezZ az~ZqzZ fh™_ex\Zggy f_
gZ kexgbo ih\_jogyo m jh[hghfm j_"bfe

YWbsZ gZzdez”rZggy ijhklhjh\bo dheb\Zgv kihkl_je].
kiheelle LzZd ~hkblv \erhfbf } _dki_jbf_gl ?jgklZz Oez
Nje[gbf iekdhf d\z~jZlgm iezZklbgm ijh\h~b\ kfbqgdhf
klhjeg Ihjdgm\rbkv iZevp_f i_\gh]h fekpy hgBEgtjhlbe
ieZklbgbh > @ 1 ohqgqZ jmo dh gh€ iesbgdb ijb pvhfnm
hrgbo « Ibo kZfbo ihgZldh\bo mfh\ gZ iezZklbge hljbf
] _hf_ljbqgge \'a ngdb jbk

10 @f @“

\ -
| i
AN B VA I ZAVAS
B EAaNE D BEXd f
N N ooo

HORDD

Jbk Nelmjb OeZ"g-
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L_hj_lbgg_ ihykg_ggy \bgbdg_ggy IZ Ij2gRghjizp-
aZe_"ghkls \er qgZklhlb 1Z nhjfb dheb\gh€ ih\_jo
\bdhjbklzggyf f_Ih*m kmi_jihabpe€ [1Z ih[m~h\b :
\bagZq_ggy a \bkhdhx Ihggeklx \eZkgbo gqZklhl dheb\

Hibk fzZl_fZlbgqgh€ fbh2hpey jhajZomgdm \eZkgbo
dheb\zZgv ieZklbgb \ aZe_ "ghkle \er €€ ] hf _ljbggbc
aZdjeie_ggy jhajh[e_gzZ ”~ey ijh_dIim\zZggy ~jmdh\Zgt

@ M ijhp_ke jhajZomgdm dheb\Zlgw qgéokkbg ajpakl b q.
\bdhjbklh\mxIlv gZklmige ijbims_ggy

t\b]bgh\enhjfZpe+€ ieZklbgb i gZk dheb\Zgv fZe-
€€ lh\sbghx ijm ge dheb\Zggy \e*"[m\Zxlvky aZ aZdh¢

tieZklbgZz fZ} ihklecgm Ih\sbgm

+m ieZklbge } g_cljZzevgbc rZj ydbc ijb \b]Jbgh\bo
kobevgbc “h »_nhjfZpecxtkibky@ywgy

+fZl _jeZe «» _Zevgh ijm gbc ¢« h*ghje~gbc

. Za b |
{ )
- L e e e - -
I.- i
a " s
] VL A 1 s
| % {
BTN Minliien il A Rl
" X#

R

Jbk leZklbgZ « fh eb\s nhjfb dheb\Zgv

e~ gZk kdeZ”Zggy je\gygv jmom fh gZ \bdhjbklh
\b]bgm iezZklbgb ijb "+«€ jhaih”ee_gh]h klZlbklbggh
T[\

8wz L GZ wZ-
oMWW Wi

N & &[\ zijh]lbg iezklbgb \ Ihgpe a dhhfzAb'gZlZfb
pbeeg”jbggZ "hjkldeklv ieZklbghb

T\

_ . sw] - .
AZfegyxgb \ je\gygge gZ\ZglZ  _ggy R%’;Wix °g_]

hljbfz}fh je\gyggy \*evgbo g _a]JZkZxqgbo dheb\Zgv iez
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P§W]- 8wz . GZ wZ-
OWi oW wwo owos
AT 1LV W
<er"hfbc lhggbc jhalfyahd az~Zqe ijh \eZkge* dheb
Ibim ijyfhdmligbo ieZklbg dheb ”~\e ijhlbe_"ge klhjhgl
ijb [mMmYbo ]JjZgbgqgbo mfh\Zo gZ ~\ho +grbo djZyo
jha\fyahd hljbfimelby \ke djZ€ ieZklbgb \eevgh h[i_jle
\biZzrdm je\gyggy \eZkgbo dheb\zZgv fZ} \bley”
TT\W Z [\ "HY
:fieelm”rgZ nmddpey sh gzZab\zZ}lvky \eZkghx nh
dheb\zZgv ieZklbgb \bagZqgZzZ}lvky \bjZahf
3 EeT _BeU
S:TdJ, L «; OBI—pO EI—J?p
N DEzxjhafejb ieZklbbbgbkeh is\o\bev kbgmkh€”b \ g
hk_[clZ\\«~ih\ergh
l[erklZ\eyqqdh Wm je\gyggy hljbfz}fh

s 5l §s §s. b
oDl D! ©E! @E! '
A\erkb \eZkgZ gqZklhlZz dheb\zgv

a ) ;
Z S ~«§—L' §—I oy —
ept el )\ o

>ey ijb[ebagbo jhajZahjgddeXkgbo gZzZklhl ijb jea
liZgbggbo mfh\Zo dh_shepehdiblv *h nhjfmeb \bagZq_g
dheb\Zggy fh'gZ \bjZom\Zlb aZ \bjZahf

D S8 $ E "E"Vg% V &&,
AN dh_nept*lglihagZoh”?ylvky aZ |Z[ebp6lkagZ\gZHecsh

djZc “hjkldheieZadjhct\sevgBeth[i_jlbc
KzZfZ °~ nhjfmeZ "~ey \bagZq_ggy \eZkgbo dheb\Zg

\bley”

Q
z{\v oz, [\

N Z[\ £[Zabkge nmgdpe€ sh h[bjZxlIvky \e”ih\ergh
mfh\ Z dh_neplh}gbkex}livky aZ nhjfmehx @ k

ljhljZfgZ j_ZeeaZpey fh2 _ ejZdlbpe \_ebdm deev
jhajZomgd-e\ sh klhkmxlvky ijh_dlm\Zggy \<[jZp
\bdhgmxlv m k_j_"h\bse _e_dljhggbo IZ[ebpv Lhfm g
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$SEVWUKFWDOLP RI WWIR/ PRDGKFW D WKHRUHWL
SRVVLELOLW\ RI JLYLQJ D JHRPHWULF LQWHUS
DULWKPHWLF ZEMHEW VY HR QRIMWKKH FRYXEBUJHQF
QXPHULFDO VHULHV RI D UKW KPENHFW S B RIUWHHWH
FRQYHUJHQFH Rl QXRHUVUERE®RHV¥MU RBVUHRR B WRK
LQWHUSUHWDWLRQ RI WKH FRQYHUJH®FRKLEl I
SURJUHVVLRQ 7KH SDSHU FRQVLGHUV D QXPEH
SRVVLELOLWLHY RI WKH SURSRVHG DSSURDFK W
SURJUHVVLRQV DQG VWDWHV WKDW ZKHQ VWXG\
WKH VSHFLBBRRQGDU\ (GXFDWLRQ ODWKHPDWLF
WR LQGHSHQGHQWO\ REWDLQ D QXPHULFDO DUL
LQYHVWLIDWH WKH UHVXOWHQ3 OMIW LRHMWEXEI HVR\Q
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jy**\ \ k_j_"h\bse ijh]jZzfm\Zggy hljbfZggy jhajZomg

d\zZ"NjZImjgh€ 1Z dm[ZImjgh€ ]_hf_ljbggh€ <gl_jij_IZ¢
AzZ"ZqZfb “"hkegd* ihaley” iblZzggy ijh g_h[oe*geklv ]_h
sgl_jij_l1Zpe€ h[f}dle\ m gZ\qZihl- fiZzbhhlygdmghbkpbies

ahdj fz gbkeh\bo jy*es\ m jZfdZo "bkpbieegbh ©FZI _f
jhadjblly afeklm IZdbo ihgylv yd ©fh”_ev? Ofh”"_ex
fh" e« qgbkeh\bo jy~e\ m k_j _"h\bse ijh]jZzfm\Zgg:
h[gbke _ggy “ey agZc”_gbo gbkeh\bo jy*e\ aZ "hihf
[Z[ebph[f}dIhf “hkee"} Doy _ljbggZ <gl_jij_lZpey qbk
jyreMj_~f_Ihf “hkee""lodpwhjbklzZzggy fh\b ijh]jlzZfim\Zg:
e _dljhggbo 1ZYepdh”~ _ex\Zggy |Z ZgZe+sam hljbfZgbo
gbkeh\bo jyne\ a eegecghx d\Z"jZImjghx 1Z dm[ZImj¢
egl_jij_lZpFixlhrZfb ~“hke"} _Qjbklbggbc ihrmd agZdh
fhr_e gbkeh\bo jyne\ azZ ~hihfh]l]hx fh”_e I¢gbgg\mdo ]
h[f}dl«\J_amevlZlb ~"hke*" iggyfblvky mazZ]lZevghbll
f_Ih~bggec jhajh[pe a |I_fb ©Qbkeh\e jyrb?2

Dexgh\e kehf\lZ® _ex\Zggy fh”_ev ]_hf_IljbggZ -gl_
gbkeh\e jy~b

99 . RUROVNGE +DE /LQHDU TXDGUDWXUH DQC
JHRPHWULF LQWHUSUHWDWLRQ RI QXPHULFDO V

$EVWWIXKFHWDLP RI WX HHRWPHMMULF LQWHUSUHW
VHULHV WR FRQVWUXFW D PRGHO RI JHRPHWUL
WKH SURJUDPPLQJ HQYEDROREDWLROR/ RE W ML
DQG PXEISHG JHRPHWULF LQWHUS 7KW CRENMNHF \R L
Rl WKHDWWXW@R FRQVLGHU WKH QHHG IRU JHRPHYV
WKH WHDFKLQJ Rl QDWXUDO DQGWLIFW R B B DY FFH
VHULHV ZLWKLQ WKH FRXUVH RI &DOFXOXV WR C
©PRGHO2 O©OPRGHOLQJ2 WR FRQVWUXFW D PRG
SURJUDPPLQJ HQYLURQPHQW WR FDOFXODWH W
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7KH REMHFW KW/ WKOHGIHRPHWULF LQWHUSTUKHWD W
VXEMHFW RLWWR XWHGVKH SURJUDPPLQJ ODQJX
VLPXODWH DQG DQDO\]H REWDLQHG UHVXOWV
TXDGUDWXUWKDSBGF ¥HROMWUS UK DWVYRQUFK P
DUH KHXULVWLF VHDUFK RI VLJQ PRGHOV RI QXP
JHRPHWULF KREMHNWEYW VDRIHWSKOD QWK G\WR EH JI
PHWKRGLFDO ZR @ RHUWKFHOWRSLLH V

H\ZRUGRGHOLQJ PRGHO JHRPHWULF LQWHU S

$11LOLDVHISPPQ W P HRDW KRIIP D W PAW KIRG&® HBU QL QJ
PDWKHPDMWYWHV5LK 6WDWH 3HGDJRJLFDGYSQLYH L
LUVY LK SNUDLQH

( PDINNRUROVNLLYY#YRBIMODFRP #JPDLO FRP

>ey i*"\bs_ggy _n_dlb\ghkle azZk\h}ggy agZgv
isagzZ\Zevghlh <gl_j_km kIm~_gle\ \ kmgzZkgec hjlz
ijhp_km jhajh[eyxlvky jedbeih™dbddyp fZIl_jeZem \bdeZzZ’
<bdhjbklZggy ]1_hf_ljbggh€ egl_jij_IZp+€ 1Z fh”"_ex)
_n_dlb\gbf "b”rzZdlbqgbf aZzkh[hf > @

< dhgl_dkle gZrh]lh ~hkee”” ggy ijb \b\g_gge* jh
jy"b2 ~hpeevgbf } J_hf_ljbggh egl_jij_Im\ZlbebZ [m
N _ydbo gbkeh\bo jy~e\ ~ey djZsh]lh kijbcgylly kim~_
e _dpec IZ ijZdlbggbo aZgylv

Fhr _ex\Zgg¥fes _ggy h*gh]h h[f}dIZ sgrbf a f_lhx |
\erhfhkl_c ijh gZc\Z eb\ere \eZklh\jtoHbg Ze[Z}dEF Ohf
a“eckg_ggy _dki_jbfJglkhffre® hdex < k\hx fg”jJerex
gZab\Z}Ilvky h[f}dl ydbc m ~ _ydbo \e*ghr_ggyo af[°]Z
ydbc } aZkh[hf ih~Zggy ihykg_ggy |Z Z[h ijh]Jgham\Z
> @

Jhaleyg fh ~ _deevdZ ijbdez”«\ ] _hf _Ijbggh€ e<gl_
gbkem\hyne\

ljbdez”~ =_hf_ljbqgh egl_jij_Im\ZIb ih[m”~m\Zlb
h[gbkeblb kmfm ge_ge\ ijh]j_ke*£€

Q
=_hf_Iljbggh gl_jij_Im\ZIb gbkeh\bc jy~ fh gz
[Zdh]lh ]_hf_ljbggh]lh h[T}dIm yd d\zZ"jzZ&lla% & hijh ghx
klhjhgm ~Zgh]lh d\Z*jZIm gZ\ise 1Z hljbfz}fiDdY*zZ"jZI a

l[jh~h\"bfh ~Zgbc ijhp_k "ey mkeo gZklmigbo d\z*jz
sh } m~\eqe f_grbfb azZ klhjhgb ihi_j_~geo d\Z~jZIe\
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djhdZo fejdm\zZgv aZibr_fh
b - —D- — D — — R —

HljbfzZ}fh ihkee~h\geklv \deZ”_gbo d\Z~jZle\ a+ klh
-— - — o) yddZazZge gZ jbk

Jbk Fgh'bgZ \deZ”~ _gbo d\Z~jZls\

Alhjg_fh ~Zgm ihkes~h\geklv 1Z hljbfZ}fh jy*» m az]

I
dQ

Qbkeh\bc jy~ } ijbdezZz”~hf jy*m g_kdegq_«
0 Q
]_hf_ljbggh€ ijh]j_ke+€ a- a—%Zf_—g—gbd—lg—f — ydbec }

hrgbf ea \ZjeZgle\ ij_"~klZ\e_ggy eegecgh€ ]_hf_Iljbqg
gbkeh\h]h jy"m

ljbdez” =_hf_ljbggh egl_jij_Im\zZEdb ithMmew\ 1Z
h{gbkeblb kmfm ge_ge\ ]_hf_Ijbggh€ ijh]j_ke€

Q
>ey pvhl]h agZc™_fh iehse jhalJeygmlbo \dezZ” _gbo
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8 - g8 -
6 D > — — «& R 5 o«

Alhjg_fh ~Zgm ihkes~h\geklv IZ hljbfZ}fh jyr \ az]:

0 ydbc } ijbdez~hf jy"m g_kdeggq_ggh kiZ~gh

O e

Q

- Q
ijh]lj_ke<€ ang_g%d yah€ —5 -

AZibkZgbc jy® ~_fhgkljm} h”bg ea \ZjeZgle\
d\zZ"jZImjgh€ 1_hf_ljbggh€ «gl_jij_lZp<€ jy*m ]_hf_Ijk
ljbdez” =_hf_ljbggh egl_jij_Im\ZIb ih[m”~m\ZIlb
h[gbkeblb kmfm qe_ge\ g_kdegq_ggh kiZ~gh€ ]_hf_lIjt

Q
>ey jy™"m aZ ZgZbHedxzfd ij - [mM~_fh jhal]e
ihkee”rh\geklv \dezZ”~_gbo dm[e\ klhjhgb ydbo } m*"
ihi_j_~gvh€ e¢|l_jZpe€ =« \enrih\ergh fZxlIv \b"

D D - D - — D - — «DLRQ -2
I1Z ij_"~klZ\e_ge* gZ jbk
= |
HEIE
TO_— 7 1
(. [
(. g
[ ittt
z%____y
[
[
[
b __
7/
rd
rd

Jbk Fgh'bgZ \deZ” _gbo dmJe\



Dhfifxl_jg_ fh”A_ex\Zggy \ hk\els

lglm€lb\gh fh gZ a”~h]zZz”~ZIlbkv sh ij_"klzZ\e_gZzZ fgt
dm[e\ eexkljm} dm[ZImjgm ]_hf_ljbggm «gl_jij 1Zpex

AgZc”™_fth h[Y}fb 7~ey \deZ”_gbo dm[O RZ nhjfr
hljbfz}fh IZde j_amevliZlb

§_.
©1

9 D 9

9D§—'——«9N[R,§ — o«

©1 © 1 Q
f
Alhjg_fh ~Zgm ihkes~rh\geklv IZ hljgf—z—bfh)q'gtbc\t}"m

ijbdez~hf jy*m g_kdegq_ggh kiz~gh€ ] _hf_ljbggh€ ij

—o Q
pane — 5 -
Q
Djef pvhlh kIm~_glzf fh gz azZijhihgm\ZIb kZfhkle(
fh~_ee ]_hf_ljbggbo h[f}dls\ "ey aZ”~"Zgbo gbkeh\bo j
yd qZklbgdpe k&df « \klZgh\lex\ZIlb f_"+ "ey gbo « \e”ih\e
liZnedb
AZ “hihfh]lhx azZkh[e\ ijh]jZzfm\Zggy ijh~_fhgkljm}f
fh"_ev jy™m Z kzf_ \dezZ”™_gbo dmJe\
GZ i_jrec el _jzZpe+€ fh gZ ih[Zgblb ij_"~klZ\e_ggy
jbk

7
/

/
/

T
|
|
|
|
[
|
|
|
|
|
|
|
|
|
|
|

//_ ————————————
/,
/
/

Jbk ¥lejZpey fhr_ee ]_hf_ljbggh€ egl_jij_|Zpe€ ]
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:gZeh]eqgh \b[bjzxgb [Z2°Zgm deevdeklv ol_j
ijhr_fhgkljm\zlb fh~_ee ih~"Zevrbo ]_hf_ljbggbo <gl_

m \blJey”e \deZ” _gbo dm[e\ GZ jbk 4 ij_ "k
g_I\_jlZ «l€jZipr_e-
e B 4 e E—
— A
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| |
| |
| |
| |
| |
S T T T T T T T T T — = /— ———————————— _—
/
s
o /

Jbk Y ¢l _jZpey fh”_esJbk ,9Z | _jZpey fhr_es
]_hf_ljbggh€ «gl_jij_lZpl+€ehfyljmggh€ «gl_jij_IZpe€ jy~

Hkdeevdb agzf_ggbdb hljbfZgbo jy~rs\ \erih\enrgl
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Dhfifxl_jg_ fh”A_ex\Zggy \ hk\els

2,5

2 e
1,5
1

0,5

o L/
0 1 2 3 4 5

Jbk =jZned "eylJbk =jZned "eylJbk =jZned “ey

gZklbggbo kmf jgZkibggbo kmf jgZkibggbo kmf jy m

Ilib \b\g_gge qgbkeh\bo jy~e\ nk&dhdAblZZlbggbo
nZdmevl_Ie\ ijhihgm}lvky ]_hf_Ijbggh egl_jij_Im
aZijhihgh\zge gbkeh\e jy2b az "hihfh]lhx ij_~klz\
fZl_fZlbggbo h[f}dle\ 1Z afh”_ex\ZIlb €0

Kibkhd \bdhjbklZgbo " _j_ e
Dhjhevkvdlc =_hf_ljbgqgZ e<gl_jgboHEpYyo jy~ e\
<heh”bfbj <edlhjh\bg Dhjhevkvdbc Gh\elge dhfifxl_

tLhf ;9K

L_iebpvdbc 1 H ?e_f_glb dhfifxl_jgh]lh fh~*
1HL _iebpvdbeb”Zggy ~jm]_ \bijZ\e_g_ #*DYybiib\g_g_
Je] D>IM + k e

5HIHUHQFHV WUDQVODWHG DQG WUDQ\
.RUROVNLL 9 9 *HRPHWULF LQWHUSUHWD
99 . RUROVNLL 1RYLWQL NRPSLXWROURB WHNKQ
,Q 8NUDLQLDQ
7HSO\WVN\L , RRESHKMMWOQRKR PRGHOLXYD!
FRPSXWHU VLPXODWLRQ(@®\GDQQLDTHGOXWN NW\S L
GRSRY®HQ¥W\L 5LK .'3& V LO ,Q 8NUDLQLDQ

SHFHLYHG $SULO LQ UHYLVHG IRUP
$sSoL
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F_IhA"bdZ azZzklhkm\zZggy fZl_fZlbggbo fh*_e_c¢
m gZ\qZgge fZc[mlge+o ihee]jZnekle\

FZjey :eefe\gZ Dbkeh\Zz
Djb\hjeavdbc dhe_"" GZpeshgZevgh]h Z\eZpecghlh
f Djb\bc J¢] \me Lmihe}\Z Mdjz€gZ
NV O R YHX NQH W
DZI_jbgzZ :g"PBXkeh\Z
<b"rZ\gbigee]jZneqggbc sgklbliml
GZpehgZevgbc |_ogeqgbc mge\_jkbl_| Mdjz€
©Db€\kvdbc iheel_ogeqgbc egklblml «f_ge 1]hjy K
f Db€\ \me Yg]_ey DUB8}imk fMdjz€gZz
NVORWIHPDERP

cghlzZpey F_1Z h[%]jmgIm\ZIlb azZklhkm\zZggy fzZIl_f
fhr _ex\Zggy m gZ\qZgg- fZc[mlgeo AXReZlggnekl
ijhzgZeeam\ZIb i*”oh”b ~h \bagZqg_ggy ihgylly
fh~r _ex\Zggy? jhajh[blb fzZl_fZlbggm fh”_ev ~h \k
©lhoe~rg2z2g§ _"~f | ~"hkee”" _gfylh*dbd nhjfm\Zggy agZg
kim~_gilhee]jZnekle\ ijb \b\g_gge |_fb <Odhobkyzg-
f_Ih~ b "hke*"" lgdy IbfhhdgZeca mazZ]Zevg_ggy kbkl_
gZmdh\bo 1Z dZhhndbggbo ~ _j e a ijh[e_fb ~hkes’
"hkee™” _ggy |1Z ZgZeea kmqglggbbdbde fgx\§zZlbdb ~
\bree_ggy |_hj_Ibggbo azkz”~ ~hkee" _ggy j_ki
ijh]ljzfgh]lh azZ[_ai_qgq_ggy = "#izjghlgkbqges pee_kijyfh)\
i_~Zlh]leqge kihkl_j_~_ggy [_ke"b a \bdez"ZqgZzZfb
Zgd_Im\zZggy |_kim\Zggy EHgudbesbdbkYeZqgr\iaZ hkgh\
iheh™ _ggyfb "hkee~” _ggy ”"ey dhgklZIZp+<€ klZgm ijh[
_dki_jbf_glzevg- i_~Zlh]leqgbc _dki_jbf_gl a f_|
jhajh[e_gh€ f_lIh"bdb klIZdpkdbegdekgh]lh 1Z ydekghl]h
j_amevlZle\ gzZ\qZglgygjhl[@Z ghx f_Ih*"bldhmevlIZIlb
"hkee"" _gdyhZgZeeah\Zgh jeage i*~oh”b ~h \bagZq
©fzl_fzlbqg_ fh”"_ex\Zggy? jhajh[e_gh fZzl_fZIb
©lhos*"gRB&kgh\ge \bkgh\db [z j_dh§gzZgrApa€ijhihgh\Zg
ijbchfm \ gzZ\qZgges khm]jZql=Rle\ ihdZaz\ fh eb\s
\az}fhnre€ fZI_fZlbggbo 1Z ijhn_kecgh kijyfh\Zgbo ~bk

Dexqgh\s keh\EZI_fZIbgg_ fh”_ex\Zggy egnhjfz
dhfmgedZpecge | _ogheh]e€ kbkl_fb "bgzZfeqgh€ ]_hf_
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0 $.LVORYDS$ .LVORYDDHWKRG RI DSSOLFD\
PDWKHPDWLFDO PRGHOV LQ IXWXUH SRO\JUDSKL
$EVWUWILPWRI UHMWDWEK/ XEVWDQWLDWH WKH
PRGHOLQJ LQ WKH WUDLQLQ@ERHARWKHEWMRSBQ DX
DSSURDFKHV WR WKH GHILQLWLF® ®IPRE&HORLRJF
GHYHORS D PDWKHPDWLFDO PRGHO BW)E WMPVE\R
UHVHDWRK PHWKRGRORJ\ RI NQRZOBR ONJ ULFOBRDW
LQ WKH VWXG\ RI WKH W RISL\FH D' b EK YRDHAK R RIGI WLV
DQDO\WIUND QIHQWLRQ V\VWHPDWL]DWERY RR &IFR B
VRXUFHV RQ WKH UHVHDUFK SUREOHP UHVHDUF
LQ KLJKHU PDWKHPDWLFV IRU WKH DOORFDWLRQ
 QWHUQHW UHVRHPSHYLFDROIWEDDHQRVWLF SXU:
REVHUYDWLRQV LQWHUYLHZV ZLWK WHDFKHUYV
DQDO\VLV Rl WKH H[SHULHQFH RI WHDFKHUV LQ
VWDWH WKH VWDWH Rl WKH U HN\G-DDRBE K FPUOR B PSHR
IRU WKH SXUSRVH RI DSSUREDWLRQ RI WKH GHY
TXDQWLWDWLYH DQG TXDOLWDWLYH DQDO\VLV R
PHWKRGRORIOWYV R WEIH B KM BIS S U RIDEEG HRY W
SPDWKHPDWLFDO PRGHOLQJ DUH DQDO\]HG WKH
LV GHYHORSHRQFOXNVNQRQV DQG UHBERPRWIQG RW L
SURSRVHG DGPLVVLRQ WR SWRIOMNI UNSKEV VRV WK R
SRVVLELOLW\ RI LQWHKHBBWLRQOE BQ @ HS$IDOR PHDWV L

GLVFLSOLQHV

.H\ZRUGDWKHPDWLFDO PRGHOLQJ LQIRUPDW
WHFKQRORJLHV V\VWHPV Rl G\QDPLF JHRPHWU\

$IILOLDWLRQ

_U\Y\L 5LK &ROOHJH RI 1DWLRQD®SRQHYDL R
LU\Y\L 5LK 8NUDLQH

,QVWLWXWH RI 3ULQWLQJ DQG 3XEOLVKLQJ
S8NUDLQH 3,JRU 6LNRUVN\ .\LY 3RO\WHFKQLF ,Q"
<DQJHO\D 6WU .\LY 8NUDLQH

( PDLNOVORYD  #XWW QRWBXJPDLO FRP

GZ kmqgzkghfm _1Zie ie~]lhlh\db nZoes\pe\ jeagbo
kilh€lv ijh[e_fZ g_h[oe~ghkle nhjfm\Zggy aZ]Zevgtl
jha\fyam\Zggy ijZdlbggbo azZz~Zq Jhaleygmlb \ke fF
fh'mlv amkljelbkv m fZc[mlgec ijhn_ke<€ g_fhxeb\h
kmqgzZkgbo | _ogheh]egqgbo ijhp_ke\ m ihee]jZne€ } £
g_h[oergeklv \\_~ ggy \_ebdh€ deevdhkle iZjZf Ije\
\azZ}fh”«€ Lhfm fh”_ex\Zggy jhalJey~Z}Ivky yd hkgh\g
IZ hilbfeaZpe€ ihee]jZneqgbo ijhp_ke\
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<bdhjbRgld kzf_ fzZl_fZlbgghlh fh*_ex\Zggy gZ"Z}
gZeZ]lh”~" _ggy a\fyade\ fe* fZI _fZlbqgbfb IZ ijhn_kecg
"bkpbieegZfb

?n_dlb\gbf aZkh[hf j_ZeeaZpe+€ ijhn_kecgh€ kijyfh\
L < Djbeh\h€ > @ } gZ\gqZggy kim”_dlayhihgzld
fhr _ex\Zggy Fh”~_ex\Zggy m gZ\qZgge fZ} "\Z Zki_d
ih\bg_g [mlb azZk\h}gbc kim~_glzZfb m ijhp_ke gZ\qZ
hkgh\gbo gZ\qZevgbo ~ec ydbfb ih\bgge h\heh”"e«lb |
gZ\qZevgh€ ~eyevghkle > @

| _jrbc Zki_dly]Eé \ h[%jmgIim\Zgge g_h[os"ghkles \d
afeklm gZ\gZggy ihgylv fh”_ees ¢ fh”_ex\Zggy Fh"™
kmqgqzZzkgh€ gZzmdb ihdZam} sh az~ZqZ gZ\qZggy klm~
[mlb jha\fyazgzZ ebr_ \ Ihfm \biZz*dm dheb gZmdh\
\b\qzZxlwkazcfmlv gZe_"g_ fekp_ m afekle gZ\qZggy -
y\gh a \bdhjbklzZzggyf \e*ih\ergh€ |_jfegheh]e€ a ihy!
kmle ihgylv fh® e« 1Z fh™® _ex\Zggy

>jm]bc Zki_dl i_j_"[ZqgZ} aZklhkm\Zggy fh”_ex\Zg
kljmdimjb 1Z <k\fiyge\ay\bs sh \b\qZxIvky Z IZdh" nt
mfegv \bdhjbklh\m\ZIlb fh~_ex\Zggy ~ey ih[m~h\b az]
ijhp_ke \b\g_ggy kdezZz~gbo Z[kljzdlgbo ihgylv P _«
j_Zesam\ZIlb \ ijhp_ke gZ\gZggy kim~_gle\ [m"m\ZIk
aZklhkZ\mm\fh~_e-

AZklhkm\zggy f_lh m fh”_ex\Zggy m gZ\gqZg
ZdIb\eam\Zlb fbke_gg_\m “eyevgeklv InhjfrhbZbo gz
fbke_ggy i**\bsblb _n_dlb\geklv azZk\h}ggy agZgv
ijbgpbie\ k\erhfhkle gZ\qZggy }*ghkle |I_hje€ 1Z ijzdll

Hkgh\gbfb _I1Zizfb fZI_fZlbggh]lh fh*_ex\Zggy }

t\b"ree_ggy ijh[e_fb 1_dklh\_ nhjfmex\Zggy aZ”~Zq

thibk az~zZqe fhihx fzI_fZlbdb kdez"zZggy fzI_fzIlI
t\b[ej f_Ih*m f_Ilh”e\ jhal\fyam\Zggy aZ”~Zq+* "hke
tjhal\fyam\Zggyhagbhaepe\Zevgbc _dki_jbf_gl

tnhjfmex\Zggy \eNih\ene \bkgh\de\ az j_ @
h[gbkex\Zevgh]lh _dki_jbf_glm
i_j_\ejdZ \eNih\ene | _j \ejdZ fhr_ee gZ Z~_d\ZIgel

Yd ijZ\beh gZ\qzZggy ihqgzlde\ fzZl_fZlbgghlh
i_j_"[Zq9gZ} \bdhjbihdegy*gbo az”~Zq "e¢[jZgbo \e”ih\
fZc[mlgvh€ ijhn_kecgh€ ~eyevghkle ijhn_kecgh kijyfh

M ihee]ljZneqgbo ijhp_kZo h”g_ a ]Jheh\gbo fekpv
ihoergh€ |Z €€ aZklhkm\Zggy LzZd gZijbdez® "ey
AimdZjkvdjhp_km \bdhjbklh\mxlvky 1Zde ihdZagbdb «c
ijh"mdpey sh ijh*rZ}Ivky m azZ]Zevghfm Ibjz s« qZkt
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r\brdekge nzZdlhj r\b~rdhkle Kzf_ "~ey hklZggvh]l
\bdhjbklh\im}Ivky neabggbc afekl ihoe*gh€

Djef Ih]h ZgZesdjpggymdZ ihee]jZneqghfm jbgdm f
ebr_ ea aZklhkm\Zggyf "bn_j_gpeZevgh]h gbke_ggy
yd _eZklbggeklv ihiblm J]jZned _etpklbgyhkloe”ihsHZ
] _hf Ijbggbc afekl

Qzklh f_Ih~b jhal\fyaZggy ijbdez~rgbd_d&ZWdp a \
\bfz]Zxlv h*ghfZgelgbo ]Jjhfea”dbo jhajZomgde\ yde
azZkh[zfb 1DL : hl°_ kmqgZkge 1DL } g_ leevdb azZkh][z
fzl_fZlbggh€ i«*]hlh\db fZc[mlgeo nZo*\pe\ Z ¢ aZkh
ijhn_kecgh€ kijyfh\Zghkde lgZzdqzigd_fZIlbgge fh~_ee+ a
kiIVhjx\zZlb 1Z \eamZeeam\Zlb azZ "hihfh]lhx jeaghfz
dhfifxl_jgh€ fzl_fZlbdb 1Z kbkl_f "bgZfeqgh€ ]_hf_Ije

Lzd ijb \b\g_gge I|I_fb ©lho**gZ? K>= *HR*HEL
\bdhjbklZgZ "ey \eamZeesdBgytv hkgidgth® | _fb ~"hlbqc
ljiZnedZ nmgdp+<€ dmlh\bc dh_nepe}gl "hlbqgh€ ]jz
nmgdpe+€ Ihkee*h\geklv kI\hj_ggy fh*_ee+ fZ} \b]ey”

M jy*hd \\_~ _ggy aZibkm}lvky B[Z"Zg4d]mndegdp -\

I [0+

Jbk ITh[mA~h\Z ]jZnedZ iho**gh€ nmgdpe+€ ijb \b\g_gg-
aZ “"hihfhlhx K>= *HR*HEUD
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GZ hHKoh[bjZ}Ivky "h\-evg(ZIZ[hhrdZm}Ivky g_j_a ¢

\_jlbdzevgZz ijyfz >Zee g_hJ[o" e fie [l mI hped B
ijyfh€ a ]JjZnedhf nmgdpe€
Q_j_a_h™”Zgm Ilhgdm i_j_Ilbgm azZ "hihfh]lhx ec

©>hlbggzZ2 g_h[os”~gh ih[m m\ZIb ~hlbqgglifh *h ]jZnedZ

>ey \W\_" ggy ihgylly ihoe"gh€ nmgdp+€ \ lhgp-
gZobem ~hlbggh€ ~h "h*"ZIgMHdb hkZzjly oz \ZkZ \bagZqg_
"Zghl]HZdnrey pvh]lh [m m}livky ijyfZz iZjZe_evgZ "~hlb
ijhoh~blv q_j_a ihgzZlhd dhhjrPdA jblkh”*e dnrimdzZgbf
dmlhf Hjr*bgzZl&x)}hqdah_gkhf pvhlh dmlz

Q_j_a Ihgdmh[os*gh ih[m~ m\ZIb ]hjbahglZevgm
\enrfelblb Thiidm Ibgm ih[m~h\Zgh€ ijyfh€ a \_jlbdZevg
sh ijhoh”blv gq_j_@ lhgdm

AZ ~hihfhlhx \eZklb\hkl_c h[Tkddmhley*gthgdB"*Z1b
©AZebrblb keenra AZ ~hihfh]lhx egkljmf_glm ©:gefZ
azZ"NZlb ZgefZpeX© lhekeely pvhlh gZhfdqidBEEm”~m} ]jZned
ihoe"gh€ nmgdp-€

Kibkhd \bdhjbklZgbo " _j_e

Djbehlz< Ijh[e_fb gzZ\qzZggy fZl_fZlbdb \ | _ogeq¢
L<Djbeh\#D <bsZ rdhez k

DbkehRzZ Jhal\blhd fh[eevgh]h gZ\qZevgh]lh k_j_
ijh[e fZhlje€ « f _Ih~*bdb \bdhjbklZggydhgmigjfdppegbbo
I_ogheh]ec \ hk\ele >?e_dljhggbc j_kmjk@ Dbkeh'
K_f _jedh\ K_j]Jec He_dkech\bgq Keh\Zd DZIl_jbgz 1\Zg
I_ogheh]s€ <« aZkh[b #gZ\gZggy hf < +
K +J_"bfrhkimilKkWWSV JRR JO I3Y%/F

5HIHUHQFHV WUDQVODWHG DQG WUDQ\

_.U\ORYD 7 9 3UREOHP\ QDYFKDQQLD PDWHP
>3UREOHPV RI PDWKHPDWLFDO HGXF®WLR® DWW D
+.  9\WK¥KBROD:t V,BNUDLQLDQ

AVORWYB 'HYHORSPHQW RI PRELOH OHDUQL
SUREOHP Rl WKH WKHRU\ DQG PHWKRGV RI XVH
WHFKQRORJLHV LQ HGXFDWLRQ > (OMFRAYUDR @ HR K
BHPHULNRY 1 D&DHRUNDND ,QIRUPDWLRQ 7HFKQR(¢
7RR OtV + 9RO 1Rt 3 + $FFHVV PRGH
KWWSV JRR JONIBFMQEDQQ

SHFHLYHBG\ LQ UHYLWIDG IRUPSFFHOWHG
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<bdhjbklZgggnhjfZzpecgbo |_ogheh]ec ijb \bdezZ”"Z¢
"bkpbieeg [ehdm _dE¢yhff2dhqgh]h fh* _ex\Zggy
_dhghf_ljbdz "ey klm~_gle\ ki_peZevghkle ©?dh

=Z9ggZ ;hjbke\gZ >Zgbevgmd
DzZn_"jzZ fhr_ex\Zggy _dhghfedb ¢ [*ag_km
Q_jdZkvdbc gZpehgZevgbc ;mpsXgiktdf ledgbpvdh]h
[me R_\g_gd@_jdZkb MdjZ€gZ
DEGDQ#OFBKRBIP

:ghlZpeyF_lhx "hkee""_pg¥bagZq_ggy 1Z |j_Ze-a
dhfifxl_jgh€ ie~lhlh\db fZc[mlgeodhghZ«kelepe\ a
_dhghf_ljbAB*rZqZfb "“hke*} h§%Bymglm\iZggy g_hl[o-"
\bdhjbklZggy egnhjfZpecgbo |_ogheh]ec ijb gZ\gqZg
"bkpbieeg [ehdm _f&hghdbbipgghlh fh"*_eXHAggyhf
"hkee”  _dgyjhp_k g9Z\gZggy [ZdZeZ\je\ 1Z fZ]eklje\
lj_~f_Ihf “hkee~r "} dpwyn_kech\ggggy kim~_gle\ ki_peZe
©?dhghfedz?® M jh[hle jhaleygmlh ijh[e_fb _dh
fhr _ex\Zggy 74 h[%jmglh\Zgh ~n_dlb\geklv
egnhjfZpecgbo | _ogheh]ec ijb \b\g_gge _dhghf _Iljbdk
ijh\_"~_ggy dhfifxl_jgbo ijZdlbdmfe\fzd_fzZdbgdhidqdth
fh~r _ex\Zggy sh ~Zklv ihrlh\o *h kZfhklecgh]h gZmdh!
Djef Ih]lh \ijh\Z~" _ggy kmgzZkgbo e<gnhjfZpecgbo |
ijh\_"~_ggy 1Zdbo ijZdlbdmfe\ \erih\enrZ} dhgp_ip°*£€
gl _jZdIb\gh]h gZ\dZgmevlZlb ~hkeeehgm}lvky
maZzZ]lZevgblb \ j_dhf_g~"Zpeyo sh”h \ijh\Z"" _ggy
| _ogheh]ec ijb \b\g_gge ijhn_kecgbo ~bkpbieeg J[el
fzl_fZlbgghlh fh”_ex\Zggy m A<H ijb i*~]hlh\pe
ki_peZevghkle ©?dhghfedz?

Dexqgh\e keh\Z dhghffdh_fZlbgg_fh~_ex\Zggy
_dhghf_ljbdz _dhghf_ljbggzZz fh”"_ev egnhjfZpec
gZ\qgZevgbc ijhp_k

+ %'DQV\OFKXN 8VH RI LQIRUPDWLRQ WHFKC
GLVFLSOLQHV Rl WKH E®RMKHRDWHFRQ R PR
HFRQRPHWULFV |RVSHFX0DQW Y(RR@RELFV’
$EVWUBKBWRI WKH VWXG\ LV WR LGHQWLI\ DQG
WUDLQLQJ RI IXWXUH HFRQRMHVWY YIHY BRERQWR H
VXEVWDQWLDWH WKH QHHG IRU WKH XVH RI LQI
SURVVLRQDO GLVFLSOLQHV RI WKH EORFN RI HFF
7KIREMHFW RILVHVK®D WBRKRFHVV RI VWXG\LQJ EDF
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HFRQRPLNMWXEWKHFW RULWNKH 9XRBN\HVVLRQDO WUD
WKH VSHFLDOW\KKHFEQRPUFARQYLGHUYV WKH SURH
PRGHOLQJ DQG VXEVWDQWLDWHY WKH HIILFLF
WHFKQRORJLHV LQ WKH VWXG\ Rl HFRQRPHWUL
ZRUNVKRSV RQ HFRQRPLFV DQG PDWKHPD®LFD
LPSHWXV WR LQGHSHQGHQW VFLHQWLILF UHVHI
PRGHUQ LQIRUPDWLRQ WHFKQRORJ\ IRU VXFK ZR
RI DFWLYH DQG LQVHYIPWLY R DMBHSHMWMIGHG \
VXPPDUL]JHG LQ @QE&BWWURPRPRE WKH LQWURGXF
WHFKQRORJ\ LQ WKH VWXG\ Rl SURIHVVLRQDO C
DQG PDWKHPDWLFDO PRGHOLQJ LQ XQLYHUVLWL
VSHFLDOW)\ 3(FRQRPLFV"’

.H\ZRUGVHFR Q FPPDLWWKHP D WRFIH®D L Q J HFRQRP
HFRQRPHWULF PRGHO ,QIRUPDWLRQ 7HFKQRORJ

$IILOLDWHSRIUWPHBERWQRRLFY DQG EXVLDKH/V \
%RKGDQ .KPHOQ\WVN\ 1DWLRQDO 88XKHYHKHMN R
% RXOH&KHUNDV\8NUDLQH

( PDUDEGDQLOFKXN#JPDLO FRP

M kmgzZkghfm hk\elgvhfm ijhp_ke ier]hlh\db nZoe\p
©?dhghfedz2 g_\e"M}fghx gZklbghx } \b\g_ggy ijhn_k
[ehdm _dhgfiZzfledZIbqgh]lh fh” _ex\Zggy

<Zeb\_ fekp_ ihke~rZ} \b\q_ggy _dhdgddieZjbd\ihx st
nmg~Zf_glZevgh€ ie*]hlh\db kmgAkghdekheAdo\Fpehhx
\b\g_ggy _dhghf_Iljbdb } hizgm\ZglgyZlgghdedhlh”e\
sh \bdhjbklh\mxlvky ~ey deevdekgh€ hpegdb _dhghf
y\bs ih[m~h\Z _dhghf_Iljbggbo fh*"Zggy _rdhdmiexg\gbo
\bkgh\de\ IZ ijh]Jgham\Zggy ih~"Zevrh]h jhalbldm _dh

ijhp_ke\

Hkh[eb\_ agZq_ggy fZ} [_ai_j_j\gbc gZ\gZevgl
\bdhjbklZzggyf kmgdkobbeHl]ec FZc[mlge nZoe\pe
ijhn_kecgec "eyevghkle fZxlv Yisjlbpapdpz\blb i_j_ _~Z\Z

1z a[_j*]ZIb \_ebqg_ages h[Y}fb _dhghfeqgh€ egnhjfZp:
dhfifxl_jgbo | _ogheh]ec > @

l[jh\_~_ fh g_\ _ebdbc hley” gZc[eevr \bdhijb!
dhfifxl_jgbo |_ogheh]ec ijb ijh\_~ _gge _dhghf_Iljbqg
[Z]e

M GIG _dhghfedb ¢ ijZ\Z Q_jdZkvdh]lh gZpehgZevg
f _ge ;h]*"Zgz Of_evgbpvdh]h ijb \bdezZ~Zgges dmjkm
\oh”blv *h [ehdm ~bkpbietgl_udhplirdh fh*_ex\Zggy
kim~_gle\ ki_peZevghkle ©?dhghfedzZ?2 \bdhjblklh\mx
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ijbdezZz~gh]h ijh]ljZfgh]h aZ[_@6 (GF @Y S %/d %
LZ[ebpy
Ihje\gyevgZ |Z[ebpy iZd _le\ ijbdez”~dblo ijh]jzf

IZ €0 hkgh\gbo 0ZjZdl _jbklbd

Il DhjhidZ 0ZjZdl _jbklbdZ

hje}glh\Zge gZ gZ\bgdb ijh]jZfm\Zggy
fh g4dbdhjbklh\m\ZIb ebr_ "ey ki_pe+Ze-
5 6DJH[_jg _Ibdz? hkdeevdb gZ\gZevge i
hk\elgvh€ ijh]jzfb feklylv gbadm “bkpl
\b\g_ggyf ijh]ljZim\Zggy

b gge ijh]jzfb az]zZzevghlh ijbadiZzq_gg)
6\éV3D6VgLE(‘)§§’|'Tr'§ " gihf  hkdeevdb  feklylv At
kiZlbklbggbo nmgdpec « ijhp_"mj

ijbagZg_g* "ey jhal\fyam\zZggy ©wdldlbggh
(9LHZNM dhghf_ljbggbo azZ”"Zq gZ™Zxlv fh'e
6WDWD[ZJUHWTF+jgbc klZlbklbggbc ZgZe+a "¥|gZeca
kmll}\bf g "heedhf } \bkhdZ \Zjleklv

_e _dljhgge IZ[ebpe ajmqgbf } jhaih
06 ([FHI@Qd_Im ijbdez”~gbo ijh]jzf hkdeevdb \e
OLFURVRIW 2IILFH

0$7/$%Kbkl_fZ dnhfifxl_jgh€ fZl fZlbdb

Ih[m~h\zZz _dhghf_Iljbggh€ fh~_ees <a06aZkfHKIONn\Zg
fheb\Z m M\Z kihkh[baZ MAhfh]lhx ©jmqggh]h? hijZpx)\
I1Z a \bdhjbklZggyf gZ*[m~h\b ©1Zd_| ZgZesam?

KIim~_glzfdzez\jzf KkihgzZldm ijhihgm}lvky kzf_
©jmggh]h? hijZzpx\Zgghwd AZHomign”~_glb fZxlv ih]eb][l
aZdjeiblb |I_hj_Ibqge agZggy ijhkl_"blb aZ eh]eqghx
_dhghf_ljbggh€ fh~_ee« 1Z €€ \k_[*ggbf klZIbklbggbf Z
ijhihgm}lvky | _dklh\Z _dhghfeqgZ azZ”ZqZ a \boe"gtk
NZgbfb kihKlL ggyfb GZ hkgh\e \boerglhgli[FHKD\m m
\bdhjbklZggyf \[m~h\Zgbo nmgdpec jhajZoh\mxlvk
j_li_kecghlh je\gyggy |Z ijh\h”*blvky hpegdZ ydhkle hlj
Alekgh azZ mfh\b [Z]ZlhnZdlhjgh€ fh~_ees yd jhajZom
e i_j_\ejdzZ fh~r_ees } ijhp_"mjhx ~h\]lhljb\Zehx sh ih
m\Z]b « klm~_gle\ + \bdezZ”~"ZqZ LZdh  1j_[Z \jZoh\m
ijhp_ke\ agZoh”~” _ggy ihfbehd dhjb]lm\Zggy jhajZomg

HI"_ |_ogheh]ey ©jmqgh]h® hO&@ gkkHdQY Ihd-
i_j\Z]b \bdhjbklZggy h~ge}€ a gZcihrbj_gerbo ¢
| _ogheh]ec \eNijZpx\Zggy | _hj Ibqggbo agZgv a
\*hkdhgZe_ggy gZ\bghd a <gnhjfZlbdb :e_ yd kmll}



661 Gh\slges dhfifxl_jge | _ogheh]+€ L;o,

kihkh[m fh gz \e<*agzZqblb \bljzZlgeklv qZkm gZ jha
azZ "ZA4egZ \bljZlblb ~_deevdZ gZ\qZevgbo azZgylv

>jm]bf _1Zihf hiZzgm\Zggy [Zah\h]h dmjkm
fzl_fZlbgqgh]h fh”_ex\Zggy } \bdhgZggy <g”b\e"mZe
<bdhgZggy pvh]lh az\~"Zggy i_j_"[ZqZ} aZklhkm\Zgg

\bdhjbklzZzggy gZ’\[m’\h\g)Z@-lirde &Z "hihfh]lhx ydh€ k
ijh\h~ylv esgecgbc j _]j _kecgbc ZgZe-a

LZzdbf gbghf aZklhkm\Zggy e+gnhjfZpecgbo 1I_o
fh eb\eklv ajh[blb ydekgbc kljb[hd m fhti_¢xdlg =" vl
©iZi_jh\h]lha ZgZeeam "Zgbo "~h kmqZkgdgh edh#icyxl
h{jh[db ~"Zgbo

J ZevgZ _dhghfedZ + ijhp_kb sh \ gec \eA[m\ZxI
y\bsZfb yde hibkmxlvky g_eesgecgbfb [Z]ZIhnZdlhjghbf
Lhfm \bdhjbk0BdgWH@_ a\Z Zxqgb gz fZIl_fZlbqge i_j_1
e a\_"~_ggy ZgZeclbggm€rmZlebkghkleegecgbo Ze]_ [jz
j*\gygv \_ebdh€ jhafejghkle } g_ajmqgbf « g "hpeevg

M KlzZg~Zjle \bsh€ hk\elb “jm]h]h fZ]ekl_jkvdh]h |

©KhpeZevges IZ ih\_"egdh\e gZmdb? ki_peZevghkle
j_lezZf_glm}livky

Zm az2jgec oZjZdl_jbklbpe &ZalgZm dell®*bdb [Z
I_ogheh]e€ dhghf¥edhfzZlbqg_ fh”~_ex\Zggy ijhlghan
egnhjfZpedghmgedZpecg- | _ogheh]e«€ kKi_peZevg_
azZ[_ai_q_ggy

[ m i_j_eedm dhfi_Il_glghkl_c \bimkdKib@2ZewvageZq
nzdoak ij_~f_Ige dhfi2l_gpZ€&€geklv \bdhjbklh\m\ZIb k
egnhjfZpecges | _ogheh]«€ 1Z|_fdHpghbedh_Ih b « fh™_e-
"hkee”” _ggy _dhghfeqgbo |Z khpeZevgbo ijhp_ke\

M \erih\erghkle ~h KlZg™Zjlm 1Z a f_lhx gzZ[mll
dhfi_|_gpec "_klAfZ]ekljZzglZzf ki_peZevghkle ©7?dh
ijhihgm}lvky dhfiqxl_jgbc ijZzdlbdmf a [Z]ZlhnZdlhjgl

g_ee*gecghlh j_li_kecghlh ZgZesam a \bdhjbkl:
dhfifxl_jgh]h fh"_e&$Zg§% LZdh® kim”_glzf ijhihgm}l
kzfhklecgh kI\hjb]IH(i[hZI«;i j_"_gv “ey ih~Zevrh]h fh"_e
P_c¢ gzZ\gZevgbc _ fgl "ha\hey} kim~_glzf hljb
gZ\qub jhlhlb m ]eh[Zevg cf j_ "¢ 1gl_jg_l|I

>ey jhal\fyam\Zggy azZ”~Zpj dhkeegpdbghgZecam kb
0$7/3%FZ} [sevr_ \[m~*h\Zgboynmggkggthhe |Z [cevr_

nmgdpec “ey g_eesgecgh]lh j_]j_kecgh]h ZgZeeam Djef
ij_djZzkgbc egkljmf_glZjec "~ey ih[m~h\b jeaghfZgelg
“ha\hey} ijh\h”blb r\b~rdbc 1Z ydekgbc ]jZnhZgZe-
AZm\Z bfh sh jha\fyaZg@yyZ¢ _mdbhbBI7 /% hlj [m}
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gZ[Z]Zlh f_gr_ djhde\ 1Z nmgdpec m ihjd$YgEHOgZijt
<hg_\b”v sh p_ kijhsm} ijhp_k_djhjkecygadrldgiZgZesam
gzZz~zZ} fh eb\eklv azZijhihgm\zZIlb kIm~_glzf s_ h~gn
| _ogheh]ex fhr_exhghpdgydbd

Lzdbf qgbghf aZijh\z~" _ggy dhfifxl_jgbo ijzdl
\bdhjbklzggyf_agdheh]ec ijb \b\g_gge _dhghf_Iljbdb
"hky]g_ggx "_deevdho |j_amjgvizZldjZsih \eA[m\Z}Ivk
aZk\h}lggy fZl_jeZgdm]_ ihihkbexxlvky 1Z aZdjeiex:
fe'"bkpdegZjge a\fyadb egnhjfzlbdz klzZlbklbdz _dl
[j_1} ieMbsm}lvky je\_gv dhfifxl_jgbo agzZgv ¥Z gZzZ\t
fZc[mlgeo nZod\pghfekle\

Kibkhd \bdhjbklZgbo ~"_j_e

I_ljbdhd | ‘gZeba \hafh ghkl_c bkihevah
bgnhjfZpbhgduogheh]bc ijb ijh\_~ gbb wdhghf_Ij
bkke_~h\Zgbc >We_dljhggucljljKkndjfk@ Dhgp_il
+L K +J_"bf "hkimiz KNRQYSKHSWHUX k

KIZg”~Zjl \bsh€ hk\elb *jm]h]h fZ]ekl_jkvAdfyh je\

©KhpeZevge 1Z ih\_7~egdh\e gZmdb? ki _peZevghkl
>?e_dljhggbc j_kEmX@\ + J_"bf ~hklmim
KWWROQRX IV WRODBBHGYD/KERKIDXNR YR
PHWRGBFBEQDR BWWD QDR UWHNRQRPDBIDVWU

GRF

5SHHUHQFHV WUDQVODWHG DQG WUDQV
3HWULER$QDOL] YR]JPR]JKQRVWHL LVSRO]RYLC
WHNKQRORJLL SUL SURYHGHQLL HNRQRPHWULFF
SRVVLELOLWLHV RI XVLQJ LQIRUPDWVRWXGWH ¥ K
XOHFWWHRORGFUBBHWULNRY +.RQWFHSW =+

$FF HAR/G K W WHB\R Q RS W KWP,Q 5XVVLDQ
BWDQGDUW Y\WKFKRL RVYLW\ GUXKRKR PDKL
©6RWVLDOQL WRDXRYHISHVRWIDOQRVWL © (|

VWDQGRUGKHRIXFDWLRQ RI WKM VOHFRH R P DAVRAHH

NQRZOHGERIFLDO DQG EHKBDYS R BDDGWR GIRFBRN

S(OHFWURQLF +UHVIRXUFH@ * $FFHVV PRGH

KWWSV PRQ JRY XD VWRUDJH DSS PHGLD Y\VKF

PHWRG\FKQDBUDGD SUR HNWBYRPFDMNEGDWWLYBI?2
GRE 8NUDLQLDQ

SHFHLYHG 0D\ LQ WIHYLVHGFRHBWNMG
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Fhr _ex\Zggy mjhdm sgnhjdgrmbdbfiZAgbl_eyfb

K\eleZgZ <edlhje\gZ RhjbH&xH jle€\dZ Feglec
FboZceldlhjh\bgq Fhek_}gdh
DZn_"jZ «gnhjfZlbdb 1Z ijbdez”~gh€ fZl_fZIbdl
Djb\hjeavdbc ~_j Z\gbc i_~Z]h]legqgbc mge\_jkb
ij =Z]ZjegZ Djb\bc Je] Mdjz€gz
VKRND@DPPNDLO FRPLQD PLQWLE\#JPDLO FRP
PBYBPRLVHHQNR#\DKRR FRP

:ghlZpeyw_|hx ~hkee~” _Jgglyley™ f_Ilh*bggbo Zki_c
ijh\_~ _ggy eZ[hjZlhjgbo azZgylv a “bkpbieegbh O©OF_I
egnhjfZlbdb m klZjrec rdhee2 €0 fekpy IZ jhee m ijZc
fZzc[mlgvh]lh \gqbl_ey e<gnAgZZlm@bb ~hke+} Zode-a
gZ\qZevgbo iezZge\ i*~]hlh\db [ZdZeZ\je\ 1Z fZ]eklje\

K_j_"gy hk\elZz lgnhjfzZlbdZz jhajh[dZ fh" _e-
ijhn_kecgbo dhfi_I_glghkl_c \gbl_ey e<gnhjfZlbdb a
jeagbo nhijf hjlZzgeaZp+€ gZ\qgZggy \bagZq_ggy i_j_e:

a eZ[hjZlhjgbo aZgylv "bkpbieeghb ©F |h”"bdZ gZ\qZi
klZjrec rdhee2 |1Z h]ley” f_Ih~*bqgbo j _dhf_g~Zpec sh?”
H[T}dlIhf ~hkee~} gdwfm\Zggy ijhn_kecdbglghhfli_c
fZc[mlgeo mqgbl_ee*\ eghhpfiZllhdb"hkes” "} dgwgheh]+£€
nhjfm\Zggy 1Z jha\bldm aZzZ]Zevghijhn_kecgbo d
fZc[mlgeo mqgbl_ee+\ eghhgiZewtdlb *hkefth mdgy[mlb
mijh\Z~" _ge¢ m gzZ\qZevgbc ijhp_k is"jhihhdp _LkpsEh\
jhal\bldm i_~Z]lh]eqgh€ hk\elb

Dexqgh\s keh\gbl_ev esgnhjfZlibdb f_lh~*bdz g
egnhjfZlbdb fhr_ev mjhdmf_IgZhqg&vghz Dhgp_ip
jha\bldm i_~Z]lh]leqgh€ hk\elb hkgh\b Ze]lhjblfeazZp+£€

69 6KRNDOLXNOLQWLO 9 ORLVHHQORGHOLQJ D
LQIRUPDWLFVY OHVVRQ E\ IXWXUH WHDFKHUV

$EVWUDRMLRI WKH VWXG\ LV WR UHYLHZ WKH
ODERUDWRU\ FODVVHV LQ *0HWKRGLF RI OHDUQ
WKHLU SODFH DBWLFROHWDD WEHQS U WKH XWX L
2EMHFRMLWKM VWXG\ DUH WR DQDO\]H WKH FXUUL
DQG PDVWHUV LQ VSHFLDOW\ BHFRQGDU\ HGX
Rl PRGHO RI IRUPDWLRQ RWHSUFRIH VR/IL RAKDHD VWi
LQIRUPDWLFV XVLQJ GLIIHUHQW IRUPV RI WUDLQ
RI DVVLIQPHQWYV IURP WKH ODERUDWRU\ FODV\
OHDUQLQJ LQIRUPDWLFV LQ WKH KLJK VFKRRO"’
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UHFRPPHQGDWLRQV IRU WHKH LRIE MPSOH RM QUWHADHA L
IRUPDWLRQ Rl SURIHVVLRQDO FRPSHWHQ@KHV RI
VXEMHFW RIVUWNKHDWHKKQRORJ\ Rl IRUPDWLRQ D¢
SURIHVVLRQDO ARNSHW H®IF DR K HRNK IR [UHYIRQ\R B \¥
VW¥Y®\ EH LPSOHPHQWHG LQ WKH WHDFKHUTV W
&RQFHSW RI SHGDJRJLFDO HGXFDWLRQ GHYHORSE

H\ZRUGWHDFKHU RI LQIRUPDWLFV PHWKRGLF
OHVVRQ MREXHFORMHWRIQP®LFDO JDPH &RQFHSW R
SHGDJRJLFDO HGXFDWLRQ WKH EDVLFV RI DOJR

$IILOLDWSRQWPHQW Rl &RPSXWHU 6FLHQFH D
LU\Y\L 5LK 6WDWH 3HGDJRJLFD O$8H.IUX MBI/ K W\

8NUDLQH

( PDIMKRNDO\XN #JPDUDQPRPLQWIL\#JPDLO FRP

PBYBPRLVHHQNR#\DKRR FRP

lgnhjfZzlbdm yd gzZ\gZevgbc ij_~f | m rdheb KJK.,

jhddhfm Mijh~h\" mkvh]lh pvhlh gZkm \eA[m\Zebkv
f Ilh~"bpeg€&qZggy afes_ggy p_gljm m\Z]b \+* nmg
egnhjfZlbdb ~h ijbdezZz~gh€ « gzZ\iZzdb agb”  _ggy \edm
egnhjfZlbdb afegb azZkh[e\ + | _ogheh]ec gZ\qZggy
egnhjfZlbggec hk\ele mk_ \ergmlgerhx klZ} g_h[oe"g-k
ih[eqgbo gZkees~rde\ \mavdhki_peZeesah\Zgh€ hk\elb
klelhkijbcgylly g_aZ”h\eevgbc klzZg fe'ijhn_kecghbc
g_"hklzZlgec jhalblhd egl_]jZpecgbo ijhp_ke\ m kmfe
ijbaVh”~blv “h g_h[oe~*ghkle i_j hkfbke_gZdydhjbklm h
ajhklZzggy qzkldb fe ij_~f_Igh€ o fe']Zema_\h€ «gl_]jZ
kbkl_fghlh \bdhjbklZggy kmqgzZkgbdhfmgrhjZipeghhb
| _oghehla >

M Djb\hjeavdhfm AN j Z\ghfm i_"Z]lh]leqghfm
d\ZeenedZpex ©\gbl_ev egiEgaNimdbPjlyfinxlv [ZdZe Z\]jl
fZ]lekljb ki_peZevdghkjlergy hk\elZ 1gnhjfzZzlbdz Z yd
+fZ]ekljb ki_peZevghklj c*gy hk\elZz FZzI_fzZlbdz K
hk\elZ NeabdZz K_j_~gy hk\elZ OQOefey o K_j_»
0Z\qZgd¥ | _ogheh]-€ Lzdz is~]lhlh\dZ \gbl_ey
a“eckgx}lvky aZ mgenedh\Zgbfb gZ\qZevgbfb iezZgZzZ:
ihrZgh m IZ[e @ gZ ijbdez”e \ZjeZIb\gh€ qgqZklb
ijhn_kecgh€ ie”r]lhlh\db [ZdZeZ\je\ 1Z fZ]eklje\

K_j*gy hk\elZz FZIl_fZlbdZz

Kdez” h\bfb kbkl_fb ijhn_kecgbo dhfi_I_glghkl_c
\gbl_ey egnhjfzbtzdEzelvghijhndkticge glghkle ~b"Zdlbd
f_ ITh*bqgg- hjlZgsmifgieghpkvde ikbotzdh]lkqgg-
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Ahkes~rgbpvde dhfmgedZIb\gizl fjhggeb ghz f_1ge

egnhjfZlbggedhfi_I_glghkle egnhjfhelinferggth]eqg-
egnhjfZpecghgheh]eqge dhfifxl_jge fh”_evge @e]hjbl
LZ[ebpy

<bly] a gz\qZevghlh iezgm is~lhlh\db [ZdZeZ\js\ ki
_i_

K Agy hk\elz FZI_fzibdZlidh\hx ki_peZevgeklx
K _j "gy hk\elZ 1gnhjfZlbdZ
Az| BZ [EhZ Kz
1Ze ]Zey! iz ljzd| fhk| I=*kmfdh\pc
, deeVE d/ = | Ibgylec| dhgljhe
G2 ~iphil 9Z | gl ieihi| iay g7
eegb deevy . Ag-a? ,
dj ~bl ]h ly | jh
J(&74 ]%’A Thn f_Kl
Hkgh\b hnek
gbo Iglweh]-c * * aZeqd
Hkgh\b gbk
ex\Zevgh€| |_o + aZesd
gdb
Hkgh\b Jite aZesd
jblfeaZpe€ N
kljmdpb ~Z B _dazf_g
gbo
H[T}dIdhe
}dhhZg_ 1Z ih
Nelhijtglh\Z + _dazf_g
ijhliZdm\Zglgy
F_lh~rbdZ |gZz)\
azZgy ndfz
Ibdb mqizd h + _dazf_g
\ec 1Z hkg
rdlreZo
F_lh~rbdZ |gZz)\ aZetd
qzZgy ndjz
Ilbdb m klZ dazf_g
rdhee - -
Fmevibf_A-Z + + aZets¢d

Nhjfm\Zggy 1Z jha\blhd ij_~f_Igbo dhfi_|_glghkl_c
\gbl_ey sgnhjfZibdb \eA[m\Z}Ivky gZkZfi_j_~ m ijhp
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"bkpbieeg nmg~"Zf_glZevgh€ egnhjfZibAghEkgkrbhlih)
ZelhjblfeazZpe€ 1Z kljmdImjb *Zgbo® ©Iljh]jZzfm\Zggy?
« fhr _ex\Zggy? lhsh Z aZ]ZevgmijhimpkkeghoZgm\Zgc
"bkpbieeg ©F_lh*"bdZ g9gZ\gZggy -<+gnhjfZlbdb? 1Z C
egnhjfZlbdb?® gZ i*"% jmgle j_amevIA]sdbbl\g iklyyhie 1]z}
Fh” _ev nhjfm\Zggy ijhn_kecgbo dhfi | _glghkl_c \gbl_
a \bdhjbklzggyf jeagbo nhjf hjl]ZgeaZp+*€ gZ\qZggy

f_lh~bdb gZ\qZggy ih"Zgh gZ jbk

LZ[ebpy
<bly] a gzZ\gZevghlh iezgm i*”*]lhlh\db fZ]dklje\ ki_p
K_j_"gy hk\elz FzZl_fzZlbdZz a “h~Zldh\hx ki_peZ
K _j_"gy hk\elZ 1gnhjfzZlbdZz

A7 AZ EZ KZ|lerkmfdh\pc
1Ze ]Zey! [hZ|I1jZzd|fhk| dhgljhe
deevVyE _dlhjg| Ibg9q lec
GZa_\Z 92z deklvpe€ aZ|agyll gz
"bkpbieegdee . . ! k
dekl dj bl 1hN gyl| ly jh | nhfz .
"KIVIS ly | 1h~|[hzZ f_kl
M bg 4
(&76 ]h~” ]h~”
Qbk_evdh| f_
b 1Z ¥lex + _daZzf_g
\Zgy
lgnhjfzZlblggZ
67(0hk\el7 * azerd
"HEijh]Zz
fmZggy £ aZestd
KmgZkghb g
cqhjfZibdp * —dazf_g
lggh\Zpecg-
1DL \ hk\}Is * azepd
HeefieZNgiZ <g
nhfzlbdz * azerd

lgrbdzZlhjhf je\gy knhjfh\Zghkle ijhn_kecgbo dhfi_
o*” ¢ j_amevlZlb \bjh[gbgh€jddMZdb]l-agglg&hjfZlibdb
ijhp_k zZ~ZilZp+*€ c ijhn_kecges mkieob fheh”h]h Kki_r
\gbl_ey esgnhjfZlbdb ydekfivihgZogodbo\h jh[el \gbl_e
egnhjfZlibdb i*” qZk ijhoh””_ggy dmjke\ ieM\bs_ggy d\

A “hk\e"m d_jm\ZggylijgdiftodhbZzde fh gZ aZagZqbll
gZc[eevre kdeZ~ghse+ mjzdhb™Zgplk\\ \bdebdZxlv ijh\_»
mjhde\ aZ afeklh\hx eege}x ©OHkgh\b Ze]lhjblfeaZpe+£€ |
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Hrgbfb a hkgh\gbo ijbgbg \\Z Z}fh

t\erkmligeklv mqgge\kvdh]h ~“hk\e"m jlidgbgZx§B gZ
[*evreklv \bimkdgbdes\ rdheb g_\b\gZeb iblZggy afekl
ijh]jZzfm\Zggy2 m \e~ih\e~rghkle ~h ijh]jZf a egnhijf
klZzg”~Zjlm

tgbavdzZ fhilb\Zpey fZc[mlgeo mqgbl_e+\ yde hljbfm
\gbl_ey egnhjfZlbdzldéh\mh Zdp_glmxqbi-gd\H\Zewgh
amkbeey gZ [Zah\ec sh kmi_j_qblv KklZlbklbpe i
\bimkdgbde\ Z~"_ ih\gZdmkdgbde\ ki_peZeKghktgy
hk\elz FzI_fzZlbdz ijzp_\eZrlh\mxlvky gZ ihkZ”"m

egnhjfZlbdhb

AZ]derMJhn Cge ~_lge
dhfi_ gIgth d | I _glghkle

[y
?

ﬂ

IJZdIbqg-

;=|7{1\/

%&

Jbk Fh”~_ev nhjfm\Zggy IZ jha\bldm ijhn_kecgbo dh
fZc[mlgvh]lh \gbl_ey egnhjfZlbdb m “"bkpbieegy¥Yo a f_

F_lhx ~Zgh€ klEZllk]ey® f_lh~"bqggbo Zki_dle\ ijh\_
eZ[hjZlhjgbo aZgylv a "bkpbieegh ©OF_Ih*bdZ gZ\qZ
kiZjrec rdhee2 €0 fekpy |Z jhee m ijZdlbggec i**]hlt
\gbl_ey egnhjfZlbdb

| j_eed aZeedh\bo az\"Zgvba @ZfljZlhjbkpbieed
©F Ih~"bdZ gzZ\qZggy e<gnhjfZlbdb m klZjrec gjdhee2 r
feklblv

tgZibkzZggy r_Kklb jhalhjgrhbdkd _ickl2g mjhde\ klZg~Zjl
Ibie\ mjhd aZk\h}ggy gh\bo agZgv mjhd nhjfm\Zggy
dhf[egh\Zgbc mjhd ~grhi_imjhd aZklhkm\Zggy agZgv
gZ\bghd mjhd maz]Zevg_ggy |1Z kbkl_fZlbazZp+€ gZ|
gZ\bghd mjhd dhgljhex az "exgbfb ijh]jzfZzfb c i
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egnhjfZzlbdb "ewp deZke\ jha”eeb afeklh\h€ eeg-£€
ZelhjblfeazZpe§jZZm)Eggy? =« ijh\_~_ggy h”~gh]lh a gbo

+tgZibkZggy h~gh]lh dhgki_dlm mjhdm a egnhjfZlbd
Ibim

+f _Ih*bggm jhajh[dm ihaZzdeZkgh]h aZoh”m a sgnt

I \gbc dhgk_j\Zlbaf sh”h nhjfb al\elghkle fZc[mlq
egnhjfZlbdb ahdj_fgzidhkggy jhalhjgmlidhigkiedlgn
mjhdm Z g_ ih[m”~h\b ch]lh I_ogheh]eqgh€ dZZlbb h[m/
\erkmlgeklx mqgge\kvdh]h ~“hk\e"m a esgnhjfZlbdb c g_
rdeevgh€ egnhjfZlibdb

Kim~_gl ]Jhimxgb mjhd klzg~Zjlgbc qgb e+ggh)
f _ ITh~*bggm jhajh[dm ihaZzdeZkgh]h aZoh”m a egnhjfzZl
kdhjbklzZIbky Jhlh\bfb fzZIl_jeZeZfb sh ijhihgmxlvky
Aimdh\Zgbo \br"Zggyo nZoh\e i_p@DhdgPrx\bfrdggdhe-
1Z keff€2 ©1gnhjfzZibdz 1Z «gnhjfZpZegwglh lokjhkgrlo € 2
\bsbo gZ\qZevgbo aZdez”Zo?® ©lgnhjfZlbdz2 dgb]t
\oh~ylv ~h hdj_fh]lh gZigZeggh]h dhfie_dkm lhsh gZ
\gbl_eijZdlbde\ Z[h egrbo hk\e Ig-lchIL@d; jagl_lj _e-d
\bdhjbklzgbo f_lh”~"bqggbo "‘_p_gFZCan}]’\nlgjhegll_ [« \ jm]
©F _lh~"bqg_ aZ[_ai_q_ggy® sh gz~z} fh eb\eklv \b
kimiegv \eZkghl]h kim~_glkvdh]h \gf kidhihbgom_ af
gZih\g_ggy mjhdm ahdj_fZ sh”h malh®" _ggy ~b"zZdl
chlh Ibim ¢ kljmdIimjb \b\AZigh]h I1hZzkm\Zggy qZ
\eMih\erghkle gZ\gZevghlh fZIl_jeZem ~exqgbf ijh]jZfZf

Fh eb\eklv \bdhjbklZIb |I_ sh \"_ gZijZzpvh\Zgh
[_hj_IbdzZfb Z[h ijZzdlbdZfb "ey ijh\_~_ggy mjhdm k
Ibim a h~gh]lh [hdm agZqgh ifftec[prhgivhhihigbl_ey
egrhlhg_ jha\b\z} I\hjgbc ihl_gpeZe ¢« nhjfm} ob[g_ m
sh ~h [nythh]h mjhdm egnhjfZlbdb fh gZ is~ThIm\ZIbky
ghjfb zZdz~_feqgh€ "h[jhg_kghkle LZde fheh”e Ki_
[_aihjz~gbfb \ mfh\Zo r\dg¥dhé@&fekfm <c¢ ijh]jZfgh]
egkljmf_glZjex rdeevgh€ egnhjfZlbdb q_dZxgb gZ ©}
gh\bo Jhlh\bo dhgki_dle\

< hkgh\m ijh\_"* ggy eZ[hjZlhjgbo azZgylv ~_ kZf
ijh\_~ ggy mjhdm azZ dhgki_dlhf malh”" _gbf \bdeZ
f_ Ihr gZeywdhlh”"bggh€ |]jb Z[h fh~_ex\Zggy mjh
fedjh\bdezZ"Zggy aZ ijZ\beZfb ydh€ \bdez~Zq 1Z <gr
\bdhgmxlv ~\hZki_dlge jhee« i\prdeazZ*Z\gk_ ©f_Ih~ bkl
ij_~f_Igbda Z[h ®ahYbil2 m |_jfegZo i_~Z]h]edb iZjlg
dhgkmlZgl >k @ kim~igljp aZz \k_ ©mqgge+? Ijhl_ m
©ijh]jz\Zggy® mjhdm \bdez~Zq fh _ \bkIimiblb \ jhes



661 Gh\slges dhfifxl_jge | _ogheh]+€ L;o,

Ibf kzZfbf i_\ge i_~Z]lh]leqges kbimzZp+s€ Z kim~_glb iske
\aylb zZdlb\gm mqgzZklvh[Yh¥hgZegighd _~ gh]lh mjhdm &
f_Ilh"bdhx hpegx\Zggy ijh_dle\ aZzZijhihgh\Zghx m
©GZ\gZggy ey fZc[mgvh]lh? >

Fhr _ex\Zggy mjhdm m nhjfe l9Zbgga€ghjb fZ} i_\g
hkh[eb\hkle sh fzZxlv [mIb \jZoh\Zges €€ mqgzZkgbdZzZfb
\gbl_elyf

I_jr aZ \k_ p* hkh[eb\hkle ih\fyaZge a Ibf sh j_Z
kim~_gtbgylvky azZ \edhf o fhib\Zpe«}xA% IgdVbqZ g gh\ g
mjhgdee m kimAgplZey ijzdlbgqgh g_fz} ijh[e_f «a "bkg
Z~"_ m\Z]Z mqgge\ fZc _ klh\er"kha@hr*ZggwhfZmgmjhd
\bdhgZges mkefZ mqggyfb geolh g_ \eM\heedZ}Ilvky
hrghdezkgbdzZfb 1Z | _e_nhgge jha\Z]b Ihsh

A\Z Zxqb gZ \bs_aZagZq_g_ \bdez”Zq jZ"blv ij
j_Zevghlh mjhdm ieZgm\zZlb gZk gZ \ke ch]lh _1Zib a m
\Ij4 gZ “"bkpbieegZjge aZoh”b

Ilh~h\"_ggy j_Zevgh]lh gZkm m ihje\gygges a <]jh\bf
fZlb fekp_ a mjzom\izgghnkj_Zevgbo mqgg-eklmrmqggle\
azZ je\gyfb a@Zdxevgbfb 1Z ij ~f Igbfb e<gnh¢fZlbqgg
"blI}\bf Ahk\erh:fA™ gz fdifijh]jZ\Zggy mjhdm ©mqgge?
\eMih\ene gZ iblZggy g_ ebr_ ihi_j_~geo |I_f ihlhggh€
gZklmigbo 1 vydsh i® gzZk ijh\_* g&ymrhjlgdimf \g@bl
kiVhjx} kbImZpex mkieom 7~ey gvh]h hkh[bklh ahdj_
mjhdm \ peelifme[fgeklv m jhalfyam\Zgge gZ\qZevgtk
hr"ghqzkg_ azZ\_jr_ggy €0 \bdhgZggy “"ey ijzZdlbgg
fh_ gz~ZIlb chfm ih]Zgm ihkem]m Z”~°_ ydsh \ ©Om
iblzgv fZc[mlgec \gbl_ev g_ hljbfm} ~hk\e"m fh'e
jhaley"m\Zgh4Z "hk\e"m agZoh”~" _ggy r\b~rdh€ \e~ih\e
mqge\ gZ _|Zis ih\«~hfe_ggy gh\h]lh gZ\gZevgh]lh fzZI
ihlj_[b ieZzgm\Zlb "h~Zldh\e |Z eg”b\e"mZevge aZ\"Zg
gZ \biz"hd dheb \hgb r\b”Ar_ azZ sgrbo \sbdhgmnyZxlaz\
gmAvim\zZIid o |

Hdj_fh€ m\Z]b \bfddE™ZKkIZ qb |h gz _IZi« dhgkme
mjhdm gb Ih gz _1Zie ch]h ZgZeeam ihlj_[mxlv
gZ\qZevgh€ 7~eyevghkle mqge\ djbl_je€ hpegx\Zggy
jeagbo _1ZiZzo mgthdme~Zelgghkle \ h[kyas gZ\qZevgbo ¢
fh'mlv [mIb jha\fyazgkmrhgghZdbb ¢ j_Zevgbfb mqggyfb
mjhpe 1Zd « \ f_"Zo ~"hfZrgvh€ kZfhklecgh€ jh[hlb
nZceaZ]lhlh\hd gb [_a gbo ljZdlbdZ + ~hk\e® g.
kKI\_j~"mbzZlsh qbf pedZ\erbfb [ebavdbfb az \edhf c
mgge\ [m"mlv gZ\gZevges aZ\"Zggy |Ibf [eevrhx fh™_ [
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\bdhgZggy Z gZd\gpdugwlZlb\gerbf

ljh\_~_ggy eZ[hjZlhjgbo aZgylv a f_Ih*bdb gZ\gZg
m nhjfe gzZ\gZelhddgh€ ]jb gz”~Z} fh eb\eklv a”eck
fhgelhjbg] az je\g_f jhalbldm I'MBbgdlbadhfi_|_glghkl.
fZc[mlgvh]lh \gbl_ey aZ mkieoZfb m ieZgm\Zgge afe
mjhdm a]e*gh ~exqgbo ijh]jzf FHG |1Z j_dhf_g~h\Zgbo |
azZ j_amewlZjzZ¥_~ _ggy mjhdm :gZeea mjhdm ydbc a”
\bdez”rZq Z c \ke kim~_qglb Jjmib jgahfea-f ki thfglht}
kdhjblm\zZlb ~“hims_ges ©\gbl_e_f2 ihfbedb \e~felblb
mjhpe \~"Zee f_|Ih~bgge |Z ~b~Zdlbgge nhjfb ijbchf
[_amfh\gh } dhjbkgbf g_ ebr_ klm”~_glm ydbc ijh\h~k
chl]h h~rgh]jmigbdzf ZzZ d \khddXxt@dgm* _ "~ZgZ ]Zemav k
jha\b\Z}lvky sh afmrm} ihklecgh i_j_ley~Zlb yd
I_ogheh]eqgbc Zki_dl gZ\gZggy egnhjfZidbldbh ey hfm
\bdezZz”ZqZ 1Z klm~_gle\ ijZpx} gZ j_amevlZl| g_ ebr_
jhdm gzZ\qZggy Z c fZc[mlgeo jhde\ ie~]hlh\db \gbl _e
ih\geklx malh”"m}lvky a ijh_dlhf Dhgp_ip*€ jhal\bl
hk\elb shh ©a[sevr_ggy \ hikAelgbbhijhgj¥z]b ijZzdlbqgg
ier"]lhlh\db2 P@

Kibkhd \bdhjbklZgbo ~"_j_e
=heh\gZQWHO gzZ\qZggy “ey fZc[mlgvh]h >?e dlj
+J_"bf "hklmim KWWS LWHDFK FRP XD
@Ze"Ed Fhr_ev kbkl_fb k jrhpne Zles\cgytb o

dhfi_|_ghkl_c \gbl_ey egnhjfZibdb 1 @iZdk&diKc
JZnZevkv &z GZmdh\bc qZkhibk QIMj2FhtfzgRk\Z
K_jey <« Dhfifxl_hgk}glh\Zge kbkl_fb gZ\qZggy al
ijZzpv J_"gDZ GIM «f_ge F | >jZ]lhfagh\zZz =

K

lgnhjfZlbddleZkb ijh]jZfZ ~"ey aZ]lZevghhk\eslgeo
azZzdez”e\ >7?e_dljhggbc j_kmjk@ GzZdZa Fegekl_jk
MdjzZz€ghb < + J_"bf AhkIimim
KWWSV PRQ JRY XD VWRUDJH DSSJRBBBLD |]DJDO
NODV RQRYOHQRODRUPDWLND GRF]

Dhgp_ipey jha\bldm i_~Z]h]leqgh€ hk\elb >?e_dl

ijh_dl + [ j_agy jhdmJ_"bf Ahkimim
KWWSV PRQ JRY XD VWRUDJH DSS PHGLD JURPE
REJRYRUHQQ\D SNBRIBWHESMOHIDLGRF

FegletK Ijhn_kecge dhfi_I|_glghkle \qgbl_ey egnt
1K Feglec <ekgbd Q_jdZkvdh]h mge\_jkbl_Im K_jey
+Q _jdZkb <b”r \enr: QfzMvgfbpvdh]ht<bimkd +
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K

GZyZevgbc iezZzg i**]hlh\db [ZdZeZ\jZ Rbnj « g
ierlhlh\db Fzl fZlbdZ Ko\Ze_gh <qg_ghx jz»
Djb\hjeavdh]h i_~Z]lh]eqgh]lh egklbImIm ijhlhdhe <«
jhdm

GZ\qZevgbc iezZg i*"]hlh\db [ZdZeZ\jZ Rbn
ki_peZevghtkle K_j_"gy hk\elz FzI_fzlbdz >h
ki_peZevgerklvK_j_"gy hk\elZ 1gnhjfZlbdz Ko\Ze_
jZ"hx mge\_jkbl_Im ijhlhdhe « \en jhdm

GzZ\qZevgbc iezg i**]lhlh\db fZ]ekljZ Rbnj « gzZa\

+ K_j_~gy hkkdE fZlbdZz >h”rZIdh\Z kit peZevgek
K_j_~gy hk\elZ 1gnhjfzZlibdZz Ko\Ze_gh <q_ghx jZ
ijhihdhe < \en jhdm

Z\quvgbc ieZg i*~lhlh\db fZ]ekljZ Rbnj « gZa\
* _j_"gy hk\elz FZzI_fZIbdZ Kki>psZEedkgklv
K_j_» gy hk\elZ 1gnhjfzZlbdz Ko\Ze _gh <q_ghx jZ
ijhlhdhe <« \on jhdm

Gh\Z mdjz€gkvdzZilmpghegbd "~ey \gbl_ey [eN aZ
o[+ F D le_y~b % k

S5HIHUHQFHV DMU® QMDIWIOEWHUDWHG

+ROR¥,QIVHO QDYFKDQQLD G O,LDWRHIDL ERKDVUQGRLG
WKH )XWXUH@ >(OHFWURQLRE $UFHFWR/ XU FRREG H
KWWS LWHDFRKNBRPQUDQ ,Q

=KDOGDNORGHO V\VWHSURIRW VLQNKRKRRS H\
YFK\WHOLD LQIRUPDW\N\ >0RSUHRI RV WHKRH B0/ WRIFP.
RI WKH WHDFKHU RI LQIRUBDWYKH.@ 5D4 KDY E D N

1IDXNRY\L FKDVRS\V 338DKRPRQRYD 6HULLL
.RPSLXWRHULQRQWRYDQD Y ¥ K\DVQK)R.\D JE QDXNRY
SHGUBGD 138 LPHRIWDKRPDQR YD +6
,Q 8NUDLQLDQ

,QIRUPDWW®»DV\ SURKUDPD GOLD ]DKDOQR
]JDNODGLY >,QIRUPDGH¥YV WKH SURJUDPWRRQDA
LOQVWLWXWLRQV@ >(OHFWURQLF UHVRXUFH@ 11
1R + + $FFHVV PRGH
KWWSV PRQ JRY XD VWRUDJH DSS PHGLD ]DJDO
NODV RQRYOHQDRODRUPDWLN® &SRFHPLQLDQ

.RQWVHSWVLLD UR]JY\WNX SHGDKRKLFKQRL F
HGXFDWLRQ GHYHORSPHQW®@ BEHOHFQWLDR Q+F URN
$FFHVV PRGHKWWSY PRQ JRY XD VWRUDJH D¢
REJRYRUHQQ\D SNBQWYHERDWIND. GRF
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,Q 8NUDLQLDQ

OLQWAE L 3URIHVLLQL NRPSHWHQWQRVWL
>3URIHVVLRQDO FRPSHWHQFH RI6VOKB WWH.D F IOH V C
&KHUNDVNRKR XQLYHUV\WHW X+ &HKHWND \SH GD &R K
&KH8 LP .%PHOQ\WVNRKR 9\SXVN =+ 6
,@NUDLQLDQ

1IDYFKDOQ\L SODQ SLGKRWRYN\ EDNDODYU
SLGKRWRYN\ ODWHPDUWINAKEHMORXUULFXOXP &RG
RI WUD+QLQJ ODWKHRDVWNKWDOHQR 9FKHQRL)
.U\YRULI]NRKR SHGDKRKLFKQRKRLIQVW\WRMWX SL
,Q 8NUDLQLDQ

1IDYFKDOQ\L SODQ SLGKRWRYN\ EDND@DYUD

BHUHGQLD RVYLWD ODWHPDW\ND 6'REBDGNR"
RVYLWD ,QIRUPD®VNHX PULFKOKPR ERGHtDQG VS|
BHFRQGDU\ HGXFDWLRQ ODWKHPDWLENFRYGE® IUW
HGXFDWLRQ ,QIRUPDWLFV @ 6NKYDOHQR 9FKH
< YLG URNX S8NUDLQLDQ

1IDYFKDOQ\L SODQ SLGKRWRYN\ PDKEVWUD €
BHUHGQLD RVYLWD ODWHPDW\ND 6HRGIGONRY RV
,QIRUPDW\NDEV>@XWWHEXOXP &RGH DQG VSHF
BHFRQGDU\ HGXFDW\WR @ GELWK R D\ L&/ISHEQ B O W\
HGXFDWLRQ ,QIRUPDWLFV @ 6NKYDOHQR 9FKH
< YLG URNX ,Q 8NUDLQLDQ

IDYFKDOQ\L SODQ SLGKRWRYN\ PDKEVWUD €
BHUHGQLD RVIXYWWND ODRMGDPVNR¥ D \6SIH\M G QD OQR V
,QIRUPDW\NDEV>@XWWHEXOXP &RGH DQG VSHF
BHFRQGDU\ HGXFDWLRQ ODWKHPDWLENFRYG®IUW
HGXFDWLRQ ,QIRUPDWLFV @ 6NKY DOSHRRN RAKRH
¢ YLG URNX ,Q 8NUDLQLDQ

1RYD XNUDLQVND VKNROD SRUDGQ\N GOL
BFKRRO G@GWHDFKGHW@ 3LG1]DK . UHBSO HALDEGHN

V. ,Q 8NUDLQLDQ

SHFHLYHG 0D\ RIUP WHDXLVHG I$SFFHSWH
0D\
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Dj ZIb\gZ hk\iZh]Z qZkm

:gZlheec 1\Zgh\bg Kheh]m]
le\N _gdghoergbc p_glj dj_Zlb\gh€ i_~Z]h]edb
f Djb\bc Je] Mdjz€gZ

:ghlZpeyW _1Z ~hkee” 4HggflyagZgblb f_Ih~*b nhjfb
ijbchfb dj_ZIb\ghf KI\wrhdeZkgd*XqzZfb ~hke*y _ggy
\bagZq_ggy kmlighkle dj_ZIb\gh€ hk\slb €€ |I_hj_|I
ijZdlbggh]h agztyldgy‘hke«"" _tglgkrelgec ijhp_k m eep_
ijbjhrgbgEZmdh\h]h ijlipe®fx kikboheh]HZ]h]eqges mfh\b
0Z\qZggwph\bggy 1Z dj_Zlb\gh]h jha\bldm klZjrhdeZk
"hkee”r" _ggy \bdhjbklh\nf\Zbblkv*hke=""_igg¥]h]leqgbc
_dki_jbf_gl ZgZeea IZ maZzZlZevg_ggy i_j_"h\IKh i_"Z
kl1Zlle h[%jmglh\ZgZ |_hjey |I_ogheh]ey IBkleldgedZ
Hkgh\gZ <4 wwZemq_ggy klZjrhdeZkgbdes\ ~h ~hk
\bgZoe"gbpApmethgZeecaZlhjkvdh€ "NeyevgiiiegZmUddqiih_ e
f_ITh~bggh€ jh)hkBmevizZIZ#agh]h ~hke+~ _ggy } Zijh]
| _ogheh]ec dj_ZIlb\gh€ hk\elb m k_j ~goo M&\g&Zely gob
\byle _ggy kmll}\bo afeg m jha\bldm dj_Zlb\ghkles Kkl
i*"\bs_gge ydhkle dj_ZIlb\gh€ hk\elb

Dexqgh\s kehdiZ Zlb\gZ hk\elZ klZjrhdeZkgbdes\ |
dj_Zlb\gh€ hk\elb |_ogedZ dj_ZIlb\gh€ hk\elb

$, 6RORKXE &UHDWILY ) WEBXKDWHRBQW RI WL

$EVWUBKFWLP RI MMKWR VBXGLQH PHWKRGV I[RU
RI FUHDWLYH HGXFDWLRQ7RH HRIEIM HFRKLRREY WRRX\G
GHWHUPLQH WKH HVVHQFH RI FUHDWLYH HGXF
SUDFWLFDIOHYREMHFW RY WE&MFDWXRQDO SURFHV
QDWYXEDHQWLILWKSURIXBEMHFW LR SWKHKRWR GLF D
SHGDJRJLFDO IFR®GCAMNLERRY KSEULQJLQJ DQG FL
KLJK VFKRRQKHVREDEREIWPU FKZPIWWKRGNG SHGDJ
H[SHULPHQW DQDO\VLV DQG JHQHUDOL]DWLRQ |
7KH DUWLFOH VXEVWDQWLDW HVH WKL TWHH RU\ F U
HGXFDWLRQ 7KH PDLQ LGHD LV WR LQYROYH I
LQQRYDWLRQ DQG LQQRYDWLYH DFWLYLW\ DQC
PHWKRGRORJIKFDOHXKIONV D RH WK H WHXGALQJ R L
WHFEKORJLHV LQ VFKRRO RI 8NUDLQH DQG WKH L
LQ WKH GHYHORSPHQW RI FUHDWLYLW\ RI KLJK
TXDOLW\ RI FUHDWLYH HGXFDWLRQ

.H\ZRUGVHDWLYH HGXFDWLRQ RI KLJK VFKRR
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FURDIWHG XFDWLRQ WHFKQLTXHV RI FUHDWLYH H
$IILOLDBWRXROWW &HQWHU RI &UHDWLYH 3HGDJF
S8NUDLQH

M AZdhge MdjZ€gb ©ljh hk\eIm2 gZ]l]hehrm}lvky s
\k_[*gqgbc jhalblhd ex”bgb yd hkh[bklhkle [Z gZc
kmkieevkI\Z €€ |ZeZgls\ <gl_e _dimZevgbo I\hjgbo
nhjfm\Zggy pegghkl_c g_h[o*"*gbo “h mkiergh® kZfhj
Hg _\b~gh sh m ~hky]g_gge aZagZq_gh€ \bs_f _Ib
kmkieevgihghfeqgh]h jhalbldm Madieglh fdjfm\ZIibky
sggh\ZpeggthjfZpecg_ k_j_"h\bs_ G_i_j_"[Zgm\Zg-l
khpeZevdhghfeqgbo afeg sh \eA[m\zZxIvky \ kmqZkg
"bllI}Vhfm ijhklhje 1Z ijhn_kecgZ <« ih[mlh\Z ~eyevg
\bfzZ]zZxlv \er kmqzZkgh€ ex"bgbydpkd\leg _djb@ZIb\gh#
hkh[bklhkle <enN g_€ \bfz]z}Ivky jhalbg_g_ = r\t
hjblegZevg_  Zkhpe+ZIlb\g_1Z djblbgg_ fbke _ggy - a®
jhajh[db \eZkgbo I\hjgbo iezZges\ <~ _c IZ €0 I\hjgh€ |
fZz} \bagZqgZlbky e<a \jgomWKkedgyeh[ZecaZpe€ =+ \e/il
W\jhi_ckvdbf 1Z k\elh\bf \bfh]zf Kzf_ p_ 9Z gZr |
"halheblb mgbdgmlb Z[h °~ ohq ihffydrblb k\elh\m d
lJeh[Zevgh]lh j_]lehgZevghlh IZ ehdZevgh]h je\gy G_
I1Z aZoh”™b fe gdjhfliZgeaZpec [ M mxlvky \boh”ygb «a
©fbkebtbeh[Zevgh Zékylbevgh? Dhfie_dkgZ djbaz k
fZkrlZ[m gZkleevdb ]JhkljZ sh ex”kl\h gZ ~“mfdm nr
kizklb ebr_ chlh zZdlb\gZ I\hjgeklv KZzZf_ ijh p_ k\t
\bZlgbc zZf_jbdZgkvdbc ikboheh] DZje Jh”" _jk ©Yd
k\ele fb g_ fZIbf_fh ex”_c yde dhgkljmdlib\gh j_Z]m:
afegb \ azZ]Zevghfm jhal\bldm fb fh™_fh aZ]l]bgmlb =« g
ydm fb azZiezZlbfh aZ \e~kmlgeklv dj@Ib\ghklea > k

<boh”yqb a \bs_ aZagZq_gh]h hk\elZ yd ]Zemav
sh \bjerm} az\~"Zggy nhjfm\Zggy i**jhklZxqgh]lh ihdhe-
fz} ie_dzlb kzf_ 1Zdm hkh[bkleklv 1Z kmkieevklI\h yd
arzZlgeklv ~“hzdafiegZlb\geklv <hgz kyd “afZI\gejghkle
afyley}lvky \ ex*bgb g_ \jZa azZ €€ [Z2 Zggyf Z ©gZ
ihklecghlh [Z]Zlhjeggh]h ¢« Iy dh]lh ihrmdm Afe
\eA[m\Zxlvky ~hklZlgvh ih\leevgh Z IThfm \e~ hk\el
gZy\geklv \_ebdh]h |_jieggy e IfnighhklaZZnkdpkggy mqg
IN\hjgh]lh ihrmdm 1f_gZ \q_gbo yde ijbdjZrzxdv <klt
<1< _jgZ*"kvdb&Kdé&hrh\kiydj2 UF_qggedh\ ?cgrl_cg
11 1Z\eh\ IZkI_j BF_g”_e_}\ 1Z [Z]Zhlesgudl |hfm c
\erhfe ex”kl\m ihkHZles_\ ~blbgkl\s ihklecgh agZoh*
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mfh\Zo \eZkgh€ I\hjgh€ ~eyevghkle sh \by\bebky aZzZl
€0 ijbjh~rgh€ ihl_gpecgh€ h[~Zjh\Zghkle >hkee"" g
i\ _jA"m}lvky sh ]_ghlbi \bagzZqki}jyifin\Zgp fgtZ m
dj_Zlb\lgiekZze_ p_ g_ }*bg_ sh hklZlhggh \bagZqZz} Z
€€ jha\bldm <_ebd_ agZq_ggy fZ} s_ ¢ k_j_"h\bs_
ih\bggh [mIb h[jZagh dZ' mqgb 1Zdbf ©ihe_f dj_Zlb\gt
Ablbgm ~h ihklecgh€ 1Z «gl_gkb\gh€ iNbragdIipbpheE -
IN\hjghkle

;Z]1Zlhjeqge | _hj _Ibqgge 1Z _dki_jbf _glZevge ihrmd
mfh\ jhalbldm dj_ZIb\ghkle m ijhneevghfm gZ\qZg
ij_~f_le\ ijb\_eb ~h \bagZqg_ggy kmlghkle [Zah\bo i
I_ogheh]e€ « | _ogedb ijbjh*"gjrdhie hikd blbekl sh \bdez"_
> @

L_hj_Ibgge azZkz”b dj_Zlb\gh€ hk\elb kdezZ"Z>
ImfzZgeklbqgh€ neehkhne€ ikboheh]e€ « i_~Z]lh]edb
\bagZggy maggy yd mgedZevgh]h I\hjeggy Iljbjh”*b « ]I
hk\elgvhlh ijhp_km JZahdola”"dbh +a jhajeag_ggy il
©dj_Zlb\geklvad ¢ ©I\hjgeklvad fe° ydbfb <kgm} "eZe_
| jrZz £ a*~Zlgeklv ex”bgb ~h I\hjghkle sh fh ' aZ]
*kgm\Zggy *"jm]h€ vyd ijhp_km <hghb ih\‘ﬂyaZg- fe kh
ffyah\Zz kbez e<dbmoa”sckgx}lvky az\ydb i_jrec :
i_"Z]lh]leqgZ <*_y ihey]Z} m gZ”~a\bgZcg-c ZdImZevc
kmgzZkgbo kmkdhewhgkhggbo mfh\Zo jhalbldm hkh[bklh
ie_dZggy chlh yd dj_Zlb\gh€ hkh[bklhkle

L_ogheh]ey dj_ZIlb\gh$f_hk4doiz ~h afeg i_"Z]lh]eq
kbkl_fz sh } hj]Zgeqghx }"gekix ~hkee*gbpvdh€ \
jZpehgZe+saZlhjkvdh€ ~eyevghkl_c yd \bagZqZevg
gZ\qZevgh€ ~eyevghkle kiZjrhdezZkgbdZ ;_jmagb ~h 1
[Z]1Zlhjeggbo “hkes”  ggyb ‘oahXZpecge Ibib mjhde\
IZzdbfb nhjfZfb gZ\qZevgh€ "eyevghkle sh \ hj]Zg-
kiVhjxxlv i_~Z]lh]egqgm kbkl_fm dj_ZIlb\gh]h hk\elb

L _ogedZ dj_Zlb\ghg_hdkhfie_dk i_~Z]h]eqgbo agzZgv
gZ\bghd i_~Z]h]Z g_h[o**gbthh[%gmnagdZ\Zdh€ hjlZg-e
ihrmdh\h€ ~eyevghkle dh gh]lh hdj_fh]h mqggy IZ mqg-
peehfm Hkh[eb\_ fekp_ \ I _ogepe dj_ZIlb\gh€ hk\elb ¢
I\hjgbo ~ec « \aZ}fh”~e€ mqge\ fe° kh[hx 1Z \gbl_e_f
\bdhgmxlv r@gdezZklb\e gZmdh\ed IoZgqugnth’\hyevghkl
Z\lhjz "~hih\e~rZgZ hihg_glZ j_p_ga_glZ dhgkmevl
ijbgpbih\Z \erfeggeklv |_ogedb dj_ZIb\gh€ hk\elb ihey
\gbl_e_f « mqggyfb ekgmxlv je\ghijZ\ge iZpllyr jggge "
<gbl_ev \ kbkl_fe dj_ZIlb\gh€ hk\elb \byley} "eeh\e
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ihrmdzZzgqZ neehkhnzZ ikboheh]Z i_~Z]h]Z khpeheh]Z

GZ i*~klZ\e h~™_j Zgbo j_ameviZle\ _dki_jbf_glZ
knhjfh\Zg_leb[hd_ i_j dhgZggy sh kmjjhhkg¥gzndj:
hk\elZz fZ} klZlb dj_ZIb\ghx :~°_ r\b~dhiebg_ kmqgZk
\kvh]h \bfz]z} ]hlh\ghkle ex”“bgb ~h afeg yd a”
\bjerm\ZIb ijh[e_fb kmgZkghjlhZz bV ke

IlhgbgZxgb a k_j dhggbfbgmeh]h klheelly Z\Ihjhf a”e
[Z]Zlhjeqge ihrmdb +« jhajh[db i_~Z]h]Jeqgh€ |_oghetl
eggh\Zpecgm Ibiheh]ex mjhde\ sh } hjl]Zgeqghx }"g-k
\bgZo<*"gbpapiethgZesaZlhjkvdh€ ~"eyevghkle 20 Ibib
_e_f_glb I_ogheh]e€ \erih\erZxlv eh]fpyevghkilZf $\hj
\bfz]z} ki_peZevgh€ ie~]Jhlh\db ~h ihrmdm yd *h
\bdhgZggy azZklhkm\Zggy h”_j Zgbo j_amevlZle\ "hk
ierkmfde\ ijh]jZzfm\Zggy =< ieZgm\Zggy gh\bo ihr
<ijh\zZ”~"_ggy "Zgh€ Ibiheh]*€ mphfdh\\Zim knjgZ&gh® hk\
i*"\_j~"m} ~“hpeevgeklv \b[hjm | _hj Ibggbo azkz"
i_"Zlh]leqgh€ |_ogheh]*€ IZ |_ogedb sh % jmglimxIvk
neehkhnkvdbo ikboheh]eqgbo IZ i_~Z]lh]legqgbo azZk2z’
Hkh[eb\h ihfelg_ ydekggy higlh\eheh]«€ dj_Zlb\gh€
arsckgx}lvky m a\fyadm a €€ a[Z]Zq_ggyf 1DL IZ \Ze
ijhp_km

A\Z Zxqb gZ \e*ih\ergeklv I_ogheh]e€ dj_2Zlb\gh€
kmkieevgihghfeqgbf \bdebdzf \\WZ Z}fh azZ g_h[o*"g._
\ijh\z~" _gbhkh[eb\h \ eep_yo ijbjhrgbgh]h ijhneex <i
kzf_ dj_Zlb\gzZz hk\elZz fh _ kmll}\h Kkijbylb a[Z]Zqg_
ihl_gpeZem gZrh]lh kmkieevkl\Z Kmkieevge \bfh]b
ieM\_jA mxlvky \b~rZlgbf \g_gbf FZje}x IXdeh™hdKvdh
gZlhehrm\Z®&Kmdmigeklv a”e[ghkl_c¢c g_h[os*gbo "e
gZmdh\h]h ihdebdZggy yd y\bs_g_ih\lhjgh pegg_ -
[meh [ g_jhamfgh < aehgbggh ”~Z\Zlb chfm ]bgml
Imj[hleb\h “h]ley”~Zlb aZ gbf gZ~Zxqb \k_ fh eb\_ "e
> k @

Kibkhd \bdhjbklZgbo " _j_ e
AZdhg MdjZ€gb ©ljh hk\eIlm?& aZzZ klzZzghf gz
<erhfhkle <_joh\gh€ JZ"b MdjZ€gbtk
Dxjb? FZjby Dxjb >i_j k npxgbz® ?2lhfba”ZzZl
+ k
Jh~™ _j& K\h[h"Z mqgblvky >i_j k Jgleg k@
> Nj_c[_j*F Kfuke = k
&heh]m[L Jhal\blhd dj_Zlb\ghkle klZjrhdeZkgbd-'
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ijbjhrgbgZmdh\bo ij_~f_Ile\ >fhgh]jZneyt® :El1k¥Xhe
* k
&heh]lmflL Dj_ZIb\gZ ijbjh*rgbgZ hk\elZ |_hjey
|_ogedZ1lKheh]mbD E_Kky

5HIHUHQFHV WUDQVODWHG DQG WUDQ"

=DNBRUDLQ\ ©3UR RVYLWX2 ]D VWDQRP QD
>7KH /DZ Rl 8NUDLQH ©2Q (GXFDWMERRQ?2 m RI
9LGRPRVWL 9HUNKRYQRL 5DSWRSNUDkEQ\
,8BNUDLQLDQ

&XULHODGDPH &XULH $(YARRUBASE\ <RUN
JLWHUDU\ *XLOG RES$PISULFD

5RIJHUV)UHHGRP WR /HDUQ &DUOH BRBWR F
JUHLEHOBLU ULO@ |

&RORKXES5R]Y\WWRN NUHDW\YQRVWL VWDUVK
SU\URGQUPKNRR Y\N KWE Y HGIRHHORSPHQW Rl FUHDW |
VWXGHQWY LQ WKH VW X%®RRIRQDINGBEE® BXE HQ F H
JHVLD + V ,Q 8NUDLQLDQ

&RORKXEUHDWSYQDR G ®@VKIDN B R WIHNDK QRO RK L
W H N K GLUNHD \@ WYKHHIBOX F D W KRIGAUN F K Q RADHRFIK Q@R O R J\
$ , 6RORKXE/HVLD ,Q 8NUDLQLDQ

SHFHLYHG $SULO LQ UHYLVHG IRUP
$SULO
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:ki_dIb dj_zIbhghhjh\qh€ ihqzZldh\h€ hk\sIb

Xeesy Fbdhez€\gZ Ghkdh
Q_jge]l*\kvdbc gZpehgZevgbc mg»R jkdplgldzf_ge- L
\me=_IvfZgZ lhem[hl@Zjge]-\ Mdjz€gZ
He gZ FbdhezZ€\gZ R\ _pv
GZ\qgZevVlghhh\gbc dhfie _dk ©>hrdeevgbc g2\ gZevghc
aZlZevghhk\elgy rdheZ 1 XImi_gy <
\mdhdjh\kvdz fDjb\bc J¢] MdjZ€gZz

ROHQDOHQD #JPDLO FRP

:ghlZpef¥ Ihx "~hkee”” }lgaph_dIim\Zggy |Z "~hke""_
dj_Zlb\ga~rhjh\gh]lh hk\elgvh]h ijhklhjm ihAZ\dAYylg§ hk
"hkee™” _gamy‘eckgblb |_hj_Ibggbc ZgZeea gZmdh\bo
neekbhnkvdbo ikboheh]eggbo 1Z i_~Z]lh]eqgbo ijhJe
gZ\qZggy \ ihgZldh\ec rdhee 1Z \bagZqgblb ch]lh ijbgpt
jhajh[db i_~Zlh]leqgh€ ihqgzZldIihare jhj\ghld\gtyevghkle n
fheh”rh]h rdeevgh]h \edm _dki_jbf_glZedIdphgiekjlviejb
i_"Z]lh]leqgh€ kbkl_fb mjhgqgh€ ~eyevghkle mqgge\ ihq
\eNih\ergeklv djbl_jeyf \bagZqg_gbf \ hkgh\gbo "hdmf
I_hj_Ibgqgh h[%jmglm\Zlb i_~Z]h]egqgm Ilhaghgh\ok€dj.
ihgzldh\h€ hk\elb \ijh\z " Wdjl_Bigphgdyihjh\gh€ hk\elb
ijZdlbdm hk\elgvh€ ~eyevghkle ihgZldh\h]h kimi_gy \e
rdheb azZklhkh\m\Zlb kmqZkdglsh frggkdfZpecgh!|_ogheh
hk\elgec ~eyevghkle [_a rdh”b "~ey a”hjhM{f}dkeo n
"hkee”" _gdyZlb\gha~hjh\gbc fh”_jgeah\Zgbc hk\elgec
ihgzZldh\ec rdhee a \jZom\Zggyf kmgZkgbo e<gnhjfZp
ij_~f_lxtmfh\b 1Z jhev \gbl_ey m klI\hj_gge jha\b\Zevg
egnhjfZpecgh]lh ijhp_km mjhggh€ ihazmjhqgh€
ihgzldig\mdheb sh kijbyxlv €0 nhjfm\Zggx yd dj_ZIb\
a“hjh\bo hkh[bklhkl_¢c A f_lhx hpegdb _n_dlb\ghkl:
azZiezZzgh\Zgh ijh\_~ ggy i_"~Z]lh]leqgh]ld_amd&vipgdb gl
"hkeenr” _dg¥gm}lvky maZzZ]l]Zevgblb 7~ey \ijh\Z”" _ggy
jh[hibhgzldh\h€ rdheb

Dexqgh\e keldZZlb\ga~hjh\qzZ ihqzldh\Z hk\elZ dj_
hkh[bkleklv hohjhgZ a~hjh\fy kmqgZkgbc \gbl_ev ihg

<0 1RVNRO 6KYHWYSHFWYV RILFSUHDW.QYHSULP!
HGXFDWLRQ

SEVWUKHWS XUSRVWXRV\WRHGHVLJQ DQG UHVHD
HGXFDWLRQDO VSDFH | RUKH ORHEPNHHFRNWCLUY DI SRR \V W
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FDUU\ RXW D WKHRUHWLFDO DQDO\VLV RI VFL
SV\FKRORJLFDO DQG SHGDJRJLF DROQ SIUR EHOHPWH @®
VFKRRO DQG WR GHWHUPLQH LWV SULQFLSDO |
LQLWLDO FUHDWLYH DQG UHFUHDWLRQDO DFWL
H[SHULPHQW H[SHULPHQWDOO\ ZLWK WKH HIIHFW
SURIRIYO DFWLYLW\ RI HOHPHQWDU\ VFKRRO VW
WKH FULWHULD GHILQHG LQ WKH EDVLF GRFXP
WHFKQRORJ\ Rl FUHDWLYH DQG KHDOWK HGXFD
DFWLYLW\ RI WKH LEOLWDWQYGHEKUBK WRAKRRO |
LQIRUPDWLRQ DQG FRPPXQLFDWLRQ WHFKQRORJ
KDUPLQJ WKH KHDOWEKKRI FOEOMOH B WY URM LI FHRORMANGSL
HGXFDWLRQDO SURFHVV LQ HOHPHQWDMWHUWQFKF
LQIRUPDWLRQ WHFKQRORJ\ ZKLFK FDQ EH FRQ®
KHDOMBKURY L QYK HD @ BE MHKEMV FRQGLWLRQV DQG UR
FUHDWLQJ D GHYHORSLQJ HGXFDWLRQDO LQIRUF
DFWLYLWIHHQWRIUH®RRRRO VWXGHQWY WKDW FR(
FUHDWLYH DQG SK\WLFDOO\ DQG KHDOWK\ LQG
HITHFWLYHQHVV RI WKLV SURJUDP D BKHG D BIR XLOF
Rl WKHDWWXSADQQHG VBRIEY UBWHBOEEMALRQ LQV
SULPDU\ VFKRRO ZRUN
H\ZRUGFUHDWHFMHHIDWLRQDO HOHPHQWDU\
SHUVRQDOLW\ KHDOWK FDUH PRGHUQ WHDFKHL
$IILOLDWRLRED)V 6KHYFKHQNR &KHUQLKLY 1DW

+HWE 3ROXBRIVNHDUQLKLY SNUDLQH
(GXFDWLRQDO FRPSOH[ ©3UHVFEKRROUDBOGXY¥ DK\
,GHJUHH?2« $ SBRNUR&WUND\Y\L 5LK SNUDLQH

( PDLIFKDOHQDOHQD #JPDLO FRP

<eNih\ergh AZdhgm ©IGh_lhtkXehrk®elb } \k_[*gqgbc jha
ex"bgb yd hkh[bklhkle 1Z gZc\bsh€ pegghkle kmkiee
*gl_e_dIimzZevgbo I\hjgbo ¢« neabggbo a”s[ghkl_c«?2 >
hk\elgvhfm ijhp_ke jhalbldm gZ\gZggy 1Z \boh\Zggy
ydbc a”eckgpdm\izlggy k\e~rhfhkle ~blbgb [Z m k\h€c
hje}gim}livky gZ Zullidh\hevgm < kihipegehgh f_Im

M gh\lec mdjZ€gkvdec hk\ele kZfhklecgZ I\hjgZz
ihgzldh\h€ rdheb ih\bggZ kem]m\Zlb ¢ hkfbke_ggx
kzfhhjl]ZzgeazZeZ&gmfrh jhalbldm yd dj_ZIlb\gh]lh 1zZd
ihl_gpeZem Z Ihfm [mlbhadhjBEighgxkh AZ qgbke_gg
"hkeer” ggyfitKheh]m[Z kmgzZkgm dj_Zlb\gm hk\elm
I_ogheh]e+€ “hpeevgh a”eckgx\Zlb yd ihgZldh\m
\bgZoe*"gbpApgtzecaZlhjkvdm ~eyevgeklv mgge\ Z hoh
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a*“hjh\fy \ hk\elgvhfm ijhp_ke mjhqgh€ ihaZmjhqg
Neyevghkle sh ml\hjxxlv #~jm]m ie*"kbkl_fm | _ogheh]e%

M ijhp_ke \ijh\Z~" _ggy i_"Z]lh]leggh€ | _ogheh]:
ha”“hjh\gh€lbthkeyevgeklv mqgbl_ey ihgZldh\h€ rdheb
Jhih\ghkle ~h kbkl_fgh]l]h \dexqg_ggy ”“blbgb yd \
hkfbke_ggy k\h]h “blly ¢ I\hjgm ~eyevgeklv 1Zd e« h’
ha”“hjh\e_ggy |Z neehkhnkvdh]h jhamfeggy a”hjh\h]h

AZkkm\Zggy kmgZkgbo dhfifxl_jgbo I_ogheh
_n_dlb\ghkle dj_Zlb\gh€ gZ\gZevgh€ ~eyevghkle
j_Zeeah\ZgZ q_j_a ZgZeea ijh]jZzfm\Zggy ieZgm\Zi
dhgljhev k\h}€ ~eyevghkle

Mgbl_ex gh\h€ mdjzZz€gkvdh€ rdheb NAjMAZiggy mdb
dj_Zlb\gh€ 1zd e+athabdggEh hkh[{bklhkle a~zZlgh€ ~h
IN\hjghlh ijhp_km \ijh~h\" \kvh]lh °“blly GZzZfzZ]Zxgbkyv
\bagzZqzlb gh\m vydeklv hk\elgvh]lh ijhp_km yd dj
i_j_"[ZqgzZlb mfh\b kZfhklecgh]h I\kjs &@¥yhilkhrhgidh ey
aZkz"Zo dj_izI'hXgin]eqgh€ iZjZ"b]fb sh % jmglm}lvk
dj_Zlb\ge a”e[ghkle dj_ZIlb\ge \feggy dj_ZIb\gz fh
ihrmdzq fZ} kijbcfZlb “blbgm yd [heh]eqgm khpeZe
ydZ agZoh”blvkyihkjhpgltke afeg « ihrmde\ sh "halhey]
\ ihlhgghfm “blle \byleylb hilbfeaf \ejm \ €€ a”e[¢
i_jki_dlb\b jha\bldm

<bjermxgb az\"Zggy nhjfm\Zggy \ mqgge\ ihqZzZl
ihrmdh\h€ dhfi_I|_glghkle ie~kbkl_fZ I\hjgh€ "eyev(
rdheyje\ i _j_"[ZqgZ} ikboheh]eqgbc jhal\blhd

+dj_Zlb\gh€ ihabpe€ sh azZ[_ai_gqm}+xeVyAlghkPlb\
"blbgb g_ ebr_ ~b\blbky Z c [Zgblb \k_ sh hlhgm}
azZiblzggy IZ nhjfmex\Zlb ijh[e_fm

+dj_Zlb\gh]h klbex 7~eyevghklef gh baZkhflgblb
"blbghx ijh[e_fb Z ¢ a”eckgx\Zlb hkh[bklm kzZfht
"hemqZlbky ~h hj]j]Zzgeah\Zgh€ mqgbl_e_f ihrmdh\h€ "

+dj _Zlb\gbo agzZgv \fegv ¢ gZ\bghd yd egkljmf_g
ihrmdmt “hkee”"gbpvdh€ \bgZoes"gbpvdh€hjk¥dhj&Zp-l
Neyevghkle

<bjerm\ZIlb az\"Zggy nhjfm\Zggy \ mqge\ ihgZ
\Ze_heh]eqgh€ dhfi_I_glghkle ydZ kem]m} neab
\boh\Zggx 1Z ~hk\e~m a”~hjh\h]h kihkh[m “bll}*eyevgh
i*" qZk hk\elgvh]lh ijhp_km m rdde«< iggZ mikdih@azZnZjhq
Neyevghkle 1Z \"hfZ > @

<bdhgZggy aZagZq_gbo \bs_ az\~Zgv fh eb\_ m
lJgmqgdbf \lee_ggyf iheh  _gv Z\lhjkvdh€ dhgp_ip*€ «
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: 1KhehIm[Z jhajh[e_gh€ [1Z Zijh[h\Zgh€ gbf \ m
rdheb @ LIthggZ agZqbfeklv iheh  _gv dhgp_ip*€ dj_.
\bagzZqz}lvky €€ hkh[eb\ekIx sh ihey]zZ} m ki\hj_gg-
mgge\ dj_Zlb\gh€ kzZfhk\e~rhfhkle yd hkgh\b Kk2Z:
kzfh\*hkdhgZe _ggy 1Z nhjfmex\Zggy klbex Zdlb\¢
NeyevghielZmdh\ . h[%jmglim\Zggy i_"Z]h]eqgh€ kbkl
\bagZq_ggy "“ey dh gh]lh hdj_fh]lh \edh\h]h i_jeh"m
\erih\ergh ~h ch]l]h e<g”bRbdmEZk}glgbo hkh[eb\hk
<erdjb\ZIb \ ydwev *blbge ihramdZgZ~a\bgZcgh \Z eb\
kdez™giZ\W \boh\Zggy sh ihey]Z} m aZemq_gge* "“blbg
kzfhlh k_[_ ijbjh~b kmkieevkI\Z ¢« \kvh]h ex”*kl\Z

Dj_Zlb\gZ hk\elZ sh i_j_"[ZqZ} \e~djblly ihrmdZq?
gbf hjb]egZevgh€ jhajh[db fh _ aZ[saghdm\ZkhigvZ i
kiVhjx} mbhYey hjblegZevgh]h jha\fyaZggy ijh[e_fb
r\brdhkle fbke_ggy mqge\ €0 a”Zlghkle j_ | _evgh jhe
IZdIbdb I\hjgh€ ~eyevghkle H”"ghqZkg_ aZemqg_ggy m
“h \ezZkghlh kbkl_fgh]lh “hkes~” _ggy klZgpmabhdm Ty
Z[h \Ze_heh]eqgh]lh fhgelhjbg]lm kijby} nhjfm\Zgc
\eNih\e~rZevgh]lh klZ\e_ggy ~h k\h]h fZc[mlgvh]h

GZmdh\Z gh\bagZ “hke<”""_ggy ihey]zZ} \ Ihfm s
ihrmdhf mfh\ jhalbldm dj_Zlb\ghkle mqgge*\ ihqZl
a“eckgx}lvky < "“tgee mfh\ neabqgh]h jhalbldm C
\Z eb\bfb hagzdzfb « i_j \Z]Zfb hk\elgvh]h ijhp_km i
aZ gZrhx i_~Z]lh]leqghx |_ogheh]lraxhgj\qgHB\gtk\elb
hjlZzgeqg_ ih}*gZggy kbkl_fgh]lh jha\lbldm dj_Zlb\gh
jha\bldm mqgldhhg€ rdheb Z jZahf a Ibf ¢ fhpec
egl_e_dlm iecagzZ\Zevghlh egl_j_km Kk\erhfhkle a”hjl
fheh”~rh]h rdheyjz a \jZom\zZggyf ~hkylg_gv \
egnhjfZpecghfm k\ele

ljZzdlbggZz agZgmseklv ~hkee” _ggy mi_jr_ [m~_
hjp]egZevgZ Ibiheh]ey mjhde\ hk\elgvh€ ~"eyevghkl:
gZ\qzZggy fheh”~rbo rdheyje\ sh hjl]Zgeqgh ih}*gm}liv]
neabqgbf €0 jhal\bldhf 1Z \bdhjbklZggyf kmqgZkg
egnhjfZpecgbo | _ogheh]ec ydZ \ ih\gec feje \enjh)
N _jZ9bf \bfh]zf ImfzZgeklbqgh€ hk\elb 1Z aziblzf [Z]
aZfh\gbde\ hk\elb \eZkgbo "<l _c

M ijhp_ke “hkee~r”_ggy fZxlv [mIb azZklhkh\zZges f_I
ZgZeesam i_"Z]lh]leqgh€ [1Z ikboheh]eqgh€ e°cl_jZImijl
A"hdmf_glzpe€ kihkl gd” lm§¥ggx ~<Z]ghklbdb dj_ZI
eg”_dkm khfzZlbggh]h a~hjh\fy mqge\ ihgZldh\h€ rd
h[jh[db h” _j"Zgbo j_ameviIZle\
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[+~ gZk dhgklZIm\Zevgh]lh _dki_jbf_gIlm f_lhx *h
\bagZqgblb hj]j]ZzgeaZpex |Z afekl ihrmdh\h[\rcgZdQEggy
gZ mjhdZo [Zah\h]h pbdem ij_~f_le\ Hdjef Ih]h g_lI
dhgp_ipex “eyevghkle IZ iheh _ggy ijh hj]j]ZgeaZpex h
\ aZzdez”s €€ dhgp_ilmZevgm \e?ih\ergeklv ¢~ yf h~ g
IZ neabggh]lh jha\bldm

>ey kl\hj_odk\ ~“hkee~" _ggy <« ijh\_~_ggy ch]lh nh
_1Zim m azZdezZ”e hk\elb g_h[oe*gh a”eckgx\ZIlb ihin
gZijZpx\Zggy “hk\e"m hjl]ZgeaZp+€ 1Z \bagZq_ggy a
ha”“hjh\gh€ ~eyevghkle mqgge*\ ihqZldh\h€ rdheb A f_|I
iblzgvnedkm\Zggy j_amevlZIle\ h[fegm "“hk\e~hf Ki:
\Z eb\h \bdhjbklh\m\ZIb m k\h€c dj_ZIb\gec "eyevgl
I_ogheh]*€ >blbgz fZ} mk\«~hfex\Zlb jhev kmqgZkg
I_ogheh]ec 1Z \gblbky dhjbkim\ZIbky gbfb [_a rdhe
a*“hjh\fy

<bkgh\db

ZdlmZevgeklv e« "hpeevgeklv ~hkee” _ggy ijhJe
I_ogheh]e€ djhabhghgh€ hk\elb mqge\ ihqZldh\h€
hjlZgeqgh]h ih}*gZggy dj_Zlb\gh]lh IZ neabqggh]lh jh
mfh\Zo ihqgzldh\h€ rdheb hg_\b~diZkye KrmZh\gebtb
kmkieevgihghfeqgbfb \bdebdZzZfb

gZmdh\ihj Ibggbc ZgZee<a ijh[e_fb hk\elb mqgg-e\
rdheb gz~zZ} fh eb\eklv knhjfm\zZlb I\_j»" _ggy sh \|
dj_Zlb\gada~hjh\ghx hk\elhx sh aZzZ[_ai_gm}lvky \qgb
\bdhgm} nmegeipkfinig ikboheh]z i_~Z]h]Zz \Ze_heh]Zz

nmgdpey mgbl_ey kmgzZkgh€ ihqzldh\h€ rdhe
mI\_jA"m\Zlb mqgge\ yd kZfhklecgbo ~ech\bo hke[ hk\e
\byleylv k_[_ ihrmdzZqgzfb "hkeergbdZzfb \b
jZpehgZeecazZlhjzfb

m \bjer_gge azZ\"Zgv nhjfm\Zggy dj_Zlb\gh€ hkt
ihrmdZgzZ mqgbl_ex \Z eb\h hj]Zgeqgh ih}*gm\ZIb a
ihazdezZkgh€ jh[hlb \ ydec mq_gv yd ihrmdZqg i_
IN\hjghlh h\heh”eggy afeklhf a”eckgx} \b[e]j kihkh]
Neweghkle

aZemqg_ggy mqge\ “h kZfhhj]l]ZgeaZp+€ |Z mijZ
ih\kyd~_gghx hk\elhx } _n_dlb\gbf azZkh[hf ijbgpbih)
kbkl_fb hjl]ZzgeazZpe+€ 1Z afeklm hk\elgvh]h ijhp_km mq
\enr Z\lhjblZjghlh mkljhx ~“h ImfzZgekdhpghhhd dnfEiIb
kzfhi\hj_ggy ch]h hkh[bklhkle I\hjpy \eZkgh]h “blly e
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Kibkhd \bdhjbklZgbo ~"_j_e
AZdhg MdjZz€gb ©ljh hk\eIm2& azZ klzZzghf gz
<er"hfhkle <_joh\gh€ JZ"b MdjZ€gbtK
GhkdhH Nhjfm\Zggy a~hjh\h]h kihkh[m “blly C
ihke[gbd GhKdh=jbs_Kd&h GhiKdikF =D E_ky =%
k
Kheh]lm[@L L_hjey < ijZzdlbdZ gZ\gZggy I\hjgh h
klZjrhdeZkgbdes\ fhghljgmelr]mpD 1gnhkbkl_fi
k

5HIHUHQFHV WUDQVODWHG DQG WUDQ\

=DNRQ 8NUDLQ\ ©3UR RVYLWX?2 1J® VWDQRP
>7KH /DZ Rl 8NUDLQH ©2Q (GXFDWIRRQ? @& RI
9LGRPRVWL 9HUNKRYQRL 5D1RSNUD i@\
,@NUDLQLDQ

1RVRR2 )RUPXYDQQLD ]JGRURYRKR VSRVREX
SRVLEQ\N >)RUPDWLRQ RI D KHDOWK\ QLIHVW
+U\WKFKHDQNRR¥NXR +. /HVLD+ V ,Q 8NUDLQLI

BRARE, 7HRULLD L SUDNW\ND QDYFKDQQLE
VWDUVKRNODVQ\NLY >7KHRU\ DQG SUDFWLFH R
SXSLOV@ PRQRERORMKIDE $QIRV\WWHP V
,@NUDLQLDQ

SHFHLYHG $SULGHG IRUWDVHYL $FFHSWH
0D\



lgnhjfZpeaghfmgedZpecge |_ogheh]e€ \ hk\ele

<bdhjbklZggy ofZjgbo | _ogheh]ec
Ney isMljbfdb hkWhgeo”™ _gv m ijhklhje \e~rdjblh€ gz

FZjey 1Z\e*s\gZ RbrdegZ
<enrnee 0ofZjh hje}glh\Zgbo kbkl_f sgnhjfZlbazZp-«€
lgklbIml egnhjfZpecgbo | _ogheh]ec ¢« aZkh[s\ gZ\qZg
\meF ; jebgkvdh]hDb€¥ MdjzZz€gZ
PDULRBRBRBLDLO FRP

:ghlZpey_lhx "hkee~ } gighZgZesam\Zlb ihgylecgbc .
ijbgpbib hkh[eb\hkle nhjfm\Zggy <+« jhal\bldm ofZjh
hk\elggEmdh\h]h k_j_"~h\bszZ \ Zki_dle dhgp_ip*€ \e
AZ\"Zggy “hkes™Nbamdgblb i_jki_dlb\b \bdhjbkdzZggy
I_ogheh]ec "ey i*~ljbfdb hk\elgvh€ ¢« gZmdh\h€ ~"ey
ijbgpbib « I _ogheh]+s€ \e~rdjblh€ gZmdb 1Z €0 aZzZklh
"hkee”"  _gHYH}dlIhf "hkee"} iggp_k nhjfm\Zggy + jhal\kb
ofZzjh hje}glh\Zgh]lh dXxiedgvYhlh k_j "H\B$ZIhf
"hkees”" _ggijbgpbib nhjfm\Zggy ¢ jhal\bldm ofZjh hje
hk\elggEmdh\h]h k_j Phlb&E “hke*"" Zggdee+a hnepecgt
fe'gZjh~rgbo ~hdmf_gle\ im[eedZpec a ijh[e_fb
kihkl_j_"_ggy ihje\gyggy ZgZeea "hk\e m hk\elgyv
aZklhkm\zZggy ofZjgboJ_amekeehjt "hke hjgdlyggh
h{%jmglh\Zgh ijbgpbib kI\hj_ggy \e=IgjhpAimldmh]mk
k_j_~h\bszZ azdezZ”m \bsh€ hk\elb gZ [Zae ofZj
Hozjzdl_jbah\zZgh ihgylly ofZjh hje}glh\Zgh]h k_j_"h
hkh[eb\hkle chl]h nmgdpehgm\Zggy Ijh\_~ _gh ZgZe-a
jha\bldm ofZjh hje}glh\Zg yjzaih\ptigk hj ~h\bszZ \ ZKki_
azZklhkm\zZzggy azZkh[e\ ¢ | _ogheh]ec <PRdhbhdib€ +gZ
j_dhf_g~rZgpzkElhkm\Zggy | _ogheh]ec \e~rdjblh€ gZmdb
}I\jhi_ckvde ~"hkee~rgbpvde -egnjZkljmélmpger fgZmedh\i
ofZjge k_j\ekb a[bjZggy hihZ2EZx\ddggy ~Zgbo Z IZdh"
/\jhi_ckvdh€ ofzjb \er"djblh€ gZmdb } ZdIimZevghbf
gZijyfhf jha\bldm =« fh” _jgeazZp+*€ ofZjh hje}glh\Z¢
gZmdh\h]lh k_j_"h\bsZ aZdezZ”+\ \bsh€ hk\elb

Dexgh\s kehdZZjge | _ogheh]e€gZrkihgvh “h\bs
gZmdh\pe azZdezZ” \bsh€ hk\elb \e~djble ~"Zg-

0 36K\WWKNEZ®B XVH RI WKH FORXG WHFKQROF
HGXFDWLRQDO UHVHDUFK LQ WKH RSHQ VFLHQF!
SEVWUDRD/LIRI WKH VWXG\ LV WR DQDO\IH W
SULQFLSOQMHW RHDWKH IRUPDWLRQ DQGEGNWIBOR
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HGXFDWLRQDO DQG UHVHDUFK HQYLURQPHQW L
VFLHQFHE MHKFHRRWHH VWXG\ LV WR GHWHUPLQH
WHFKQRORJLHV XVLQJ WR VXB.9RDMVH @ XWDWV R R
SULQFLSOHVY DQG WHFKQRORJLHV RI RSHQ VFLH«
LQ HGXFDWLRQIRE VRIFWBDVUHBRUFKHY WKH SURFHYV
GHYHORSPHQWE RV HIE AFHORXVFAWLRQDO DQG WHVHE
PDWRMHWKH VWXG\ DUH WKH SULQFLSOHV RI WKF
FORKIBVHG HGXFDWLRQDO DQG UHVABWKRIGHNQ YL
DQDO\VLV RI RIILFLDO LQWHUQDWLRQDO GRFXF
REVHUYDWLRQ FRRSDRBRLVRRH H)®OULHQFH RI
VFLHQWLILF DSSOLFDW L REH \RXFORGARKHG UMK FHKOQAE & |
SULQFLSOHV Rl FUHDWLRQ DQG GHYHORSPHQW
HQYLURQPHQW RI KLJKHU HGXFDWLE QWQNVRILMOR
WHFKQRORJLHV 7KH FRE@RVHHSW HRIY MKRHD FFKD@RW GL
FKDUDFWHULVWLF SURSHUWLHV RI LWV IXQFWL
HVWLPDWLRQ RRUWHK®WH®RMGXFQOWLRGDMHQYL
GHYHORSPHQW BHRNBHHFRMW RD RBHQ VFLHQFH |
DSSOLFDWLRQ LV FDUULHG RXW &RQFOXVLRQV
Rl FORXWHG RSHQ VFLHQFH WHFKQRORJLHV F
LQIUDVWUXFWXUHV VFLHQWLILF DQG HWG XKD W |
FROOHFWLQJ VXEPLWWLQJ DQG SURFHVVLQJ G
(XURSHDQ FORXG Rl RSHQ VFLHQFH LV DQ DFW
GHYHORSPHQW DQG PRGHUE@D]\DMA RDGRAD WKRIC
HQYLURQPHQW RI KMKWXWIERFDWLRQ LQV
.H\ZRUGRORXG W H HAXFORULRIYDO DQG UHVHD
VFLHQLUXWY HGXFDWREKHQLGDWDWXWLRQ
$IILOLDVHSOUWPHBWRRRELHQWHG V\VWHPV RI
LQIRUPDWIQBPWLRQWH RI ,QIRUPDWLRY @8 FRRROG
1$(6 Rl SNUDMLAHUO\QUNRKR 6W 8NUDLQH
(PDLO PDULPRGL#JPDLO FRP

Nhjfm\Zggy + jhal\blhdgak\ehgkhh k_j ~h\bsZ aZzd
\bsh€ hk\elb A<H gZ hkgh\e | _ogheh]«€ ofZjgbo h[ql
gZijyfhfh~_jgeazZpe+€ i_~Z]h]eqgbo kbkl_f kmgzZkgh€ \
ih\fyazgbc e<a ihrbj_ggyf [*evr ajmqgbo ]Jgmqgdbo
kbkl _f hjJZgeaZpe€ "hklmim "~h _e _dljhggbo j_ kr
mfh eb\e_ggyf dhe_dlb\gh€ jh[hlb a ijh]jZzfgbfb ~h"Z
] _hEneqggbo « gZkh\bo h[f_"_gv fh[eevgeklx mkeo kn
ijb \bdhjbklZzgges aZkh[e\ ofZjgbo | _ogheh]ec IZ «grbfk

| _jki_dlb\ge egnhjfdptmghdZpecge I_ogheh]+€
ihklzxlv egkljmf_glhf j_ZeeaZpe+€ ijbgpbis\ extbghp_
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AhkImim ~h gzZz\qZggy mI\_j~"_ggy \ i_~Z]h]Jeqgbo Kkl
\erdjblh€ hk\elb 1Z \e~djblh€ gZmdb KZf_ ofZjge |_o
fejhx \enrih\enrZxIv ihlj_[Zf \bjer_ggy gZ]Zevghbo
_dhghfeqggbo 1Z HkleMmijgbo ijh[e_f kmqg¥&kgllEd km
hkgh\lge a ¥db®\bs_ggy je\gy "hkimighkle [Z ydhkl
\azZ}lfha\fyahd ijhp_ke\ gZmdh\bo ~hkee”" _gv =« ie"
i_~Z]lh]leqgbo dzZ~"je\ m~hkdhgZe_ggy ijh_dIim\Zgagy
aZ[_ai_q_ggy nmgdpehgm\Zggy \erdyBihdh\h]Hhk\
k_j _"h\bsz HGK A<H

Jhal\blhd HGK o0ZzZjzdl_jbam}lvky i«*\bs_ggyf \bf
_e_dljhggbo j_kmjke\ gZmdh\h]h 1Z gZ\gZevgh]
ihrbj_ggyf [sevr ]gmgdbo i_jkhgenedh\Zgbo \e~djblb
kbkl_f sh klIz} fh eb\bf ea \bdhjhkdzZggyfkefZjpgZemq_«
m ijZdlbdm jh[hlb A<H ofZjgbo |_ogheh]ec \e~djblh]
hk\elgvh]lh ijhklhjm 1Zdh™ fh _ \e”e]jZIlb ijh\ergm
ihlJeb[e_ggy a\fyade\ hk\elb gZmdb ¢ \bjh[gbpl\Z jh
gZ\qZevgbo ¢« gZmdh\bo mgogZghraghifhgelgbo kljmc
dhjihjzlb\gh]h 0ZjZdl_jm nmgdpehgm\Zggy . i
ierjbfm}lvky azZkh[Zfb ofZjgbo I|_ogheh]ec 1Z Kkijy
jha\blhd [eevr lekgh€ \az}fh”«€ a k_dlhjhf \bsh€ hk
gZ]lZevgbo khpeZevgbo 1Z _chgheeg\glyabijhtiecir_gg>
_n_dlb\ghkle gZmdh\h]h ihrmdm c¢ ijhp_km ie”~]hlh\
KmqgzZkge i*”*oh”b "“h nhjfm\Zggy =<+ jha\bldm HG
i_j_"[Zqgzxlv kmllI}\_ hgh\le_ggy <ch]h kdeZ”"m
hjlZzgeaZproglipehgZevgh€ [m~h\b sh kKijyfh\mx
aZ[_ai_q_ggy Zdlb\eaZpi=@ggXXexghgh "eyevghkle mqg
gZ\gZevlgth\gh]lh ijhp_km ie*\bs_ggy je\gy gZ\gqZevg
kim~_gle\

Hkgh\ge e f glb dhgp_ip*€ ofZjgbo h[gbke_gv
0ZjzZdl_jbklbdb k_j\ekge fh*r_ehkhjgebyhkdgyym~h\b 11
Zjoel_dimjb 1Z g agZcreb \e~jih\erg_ —aZklhkm\z
hjlZzgeaZpecgbo kbkl_fZo \e~rdjblh€ hk\elb > @
ijbgpbib sh ozZjzdl_jbamxlv jha\blhd « \bdhjbklZg
ofZjgbo h[gbke_gv Kklzxlv kmlimXefgbhigp "% jmglyf
ijhp_ke nhjfm\zZggy ofzZjh hje}glh\Zgh]h k_j_~h\bsZz
aZkh[e\ ¢ k_j\eke\ ydh]lh \ hk\elgec » gZmdh\ec "eyevq
\erh[jZz ' _gh m > @ AldjhfBEje}gthdazgbf HGK ijhihgm}
jhamfelb kI\hj_g_ mhkdZlbe X" _~h\bs_ ~eyevghkle mc
hk\elgvh]lh « gZmdh\h]h ijhp_ke\ \ ydhfm ~ey j_Ze-
ijhp_kmZevgbo nmgdpet_ogeklhrggbo 1Z egnhjfZp:
dhfmgedZpecgbo pee_kijyfh\Zgh jhajh[e_gZz
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fhleevghkle mqgge\ ¢ \qHh
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hk\elb AZkh[b ¢ k_j\ekb ofZjgbo h[gbke_gv ml\hjxx|
| _ogheh]eggm ieZlnhjfm kmqgZkgh]l]h HGK ihklZzx
egkljmf_glZfb nhjfm\Zggy phhhksz > @

AZ\"Zggy \bdhjbklZggy gZckmqgZkgerbo azZzkh[e\ 1C
e I_ogheh]ec ofZjgbo h[gbke_gv gZe_"ZIv “h i_jrhc
sgnhjfZlbazZpe+€ hk\elb jhalbldm \«id\jed ghv]th] ly Z jrh & hA pm
ljh p_ k\e~rgblv jy® mjy*t\bgeagbpeZdjZz€g |Z ijbcgy
fe'gZjhrgbo ~hdmf_gle\ 1Zdbo yd /\jhi_ckvdzZ kljZz
h[gbke _gv ©<b\eevg ggy ihl _gpeZem ofZjgbo h[qgb
©8QOHDVKLQJ WKH SRWHQWLDO RI FORXG F
©/\jhi_ckvdbc pbnjh\bc ihjy*h@'tJggpxO DIHQGD IR

alje~"gh ydbo ofZjge h[gbke_ggy \bagZgh ijehjbl
I _ogheh]eqgh]lh jhal\bldm > @

Ahdj_fzZ m f_"Zo j_Zee«aZpe+€ pbo egepeZlib\ m |
dhfeke}x hijbex”"g_gh dhgp_ilmZevgbc ~hdmf_gl OF
©'LJLWDO 6FLHQFH? sh hdj_kex} hkgh\ge aZk:
jha\bldm gZmdh\bo “hkee”""_gv m k\elee m~hkdhg
| _ogheh]ec ahdj_fZ ofZjgbo Z IZdh" gl _]jZpes€ m i

a >@ P_c “hdmf_gl ihjy® a sgrbfb sh Yhgkgeelexx
gZijyfb jha\bldm pbnjh\bo |_ogheh]ec jhajh[e_gh
Abj_dlhjzlhf /\jhi_ckvdh€ dhfeke€ a dhfmgedZpecgbo
| _ogheh]ec

M ~“hdmf_gle aZzagZqZzZ}lvky sh <gl_]jm\Zggy 1DL
Ahkeenr _gv fZ} [mlb Kkijyfh\Zgh glZ jghdmbehidnjhg
%jmglm\Zlbky gZ ijbgpbiZo \«*djblhkle kmkieevgh€ a
kie\jh[elgbpl\Z GZmdZzZ klzZ} [sevr Jeh[Zevghx [eevr I\
"h kmkieevki\Z ©P_ gZmdZ sh bprlyh¢ZRYpMdkmjlgZz \_
hkgh\ghfm ~ey | jhajh[ehaghykx®" _pgy dhgdj_Igt
egkljmf_gle\ 1DL ”"ey \bjer_ggy gZmdahdpoaiadg\ goyv
hi_jzlb\gh]lh hglk&legim ~h gZmdh\bo j_kmjke\ m |
im[eedZpec ¢« "Zgbo ,,, KklI\hj_ggy * jhal\bldm ieZlInh
yde mfh eblexxlv rbjhdighZzkkliZfijZpx [_a g_h[os"g
neabqgh€ ijbkmlghkle2 > @ IheelbdZ ©pbnjh\h€ g2Zi
rbjr_ 1Z _n_dlb\ger_ \bdhjbklZggy _e_dljhggbo <gl
/\jhise

Fh eb\hkle kie\ijZpe \ ]Zemaes *"hkee~"_gv jeadh af
m~rhkdhgZe_ggx f_gkhbd a\fyadm khpeZevgbo f_
\e~rdjb\Z} ijbgpbih\h gh\e i_jki_dIb\b ~ey hjlZgeaZz
kie\jh[elgbpl\Z <aZzZ}fh?ey m \ejlmZevghfm ijhklhje feo°
"hkee~rgbpvdbfb hj]ZgeaZpeyfb } kvh]h~ge g_\e"{}fg
gZmdh\bo aZignfh\Zghx gZ h[T}*gZggy amkbev hdj_fl
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€o0g-o0 dhe_dlb\e\ klhkh\gh \bjer_ggy gZlZevg
kvh]h"_mgy

I~ \ieb\hf jha\bldm 1DL afegbebky reyob a”eckg.
ihrmdm K_j\ekb sh azZ[_agnmaklmndimijb fh gz
\bdhjbklh\m\&@ybhijZpx\Zggy agZqgbo fZkb\e\ *Zgbo -«
g_h[oe*"gbo h[gbkex\Zevgbo ihIm ghkl_c a”eckgx)\

_dki_jbf_glb j_Zeeah\m\Zlb kiecevgbc ~hkimi 2t
h[ez”"gZggy sh g_ [meh fh eb\bf jZger_ > @
Yd aZagZq_gh gZ kKZcls /\jhi «&k€dh€

KWWSV HF HXVURQGPOMN IGWIHRIIRPHEA f_[Z kl\hj_
ihrbj_ggy | _ogheh]ec \e~dphlljiZ€ knhrjifdlpey gZmdb az\
aZklhkm\zZggx egkljmf_gle\ 1DL f_j ~ e aZkh[e\ fZkh\
sh[ ajh[blb gZmdh\bc ijhp_k~rdjbewf \]eh[Zevgbf
hje}glh\Zgbf gZ jhal\blhd kie\jh[elgbpl\Z I\hjgbf -«
kmkieevkIN\Z Lh[lh ea \bdhjbklZggyf 1DL afegxxlvky k
"hkes~" _gv \hgb klzZxlv [sevr _n_dlb\gbfb ijhahjbfb
sh afyleyxlvky [eevr ih[im ig¢lalZfimn\Zggy ijhp_ke\ a[bj
"Zgbo €0 hijzZzpx\Zggy * ih"Zggy hjlJZgeaZp+€ kicevg
e gZj_MazZ[ ai_q_ggy fh eb\hkle \erdjblh]h "hkimim “
"hkee”” _gv €0 hijbex”~g_ggy ihrbj_ggy « \ijh\zZz*" _gg
Gz kZcle fe g h "chjl]ZgeaZFEHQRHRPPRQV
KWWS VFLHQFHFRPPRQV RUJ UHVYREBSHRY UHDC
VFLHQFH hijbex~g_gh gZklmige ijbgpbib \e~djblh€

J

t\enrdjblbc ~hklmi ~h eel_jZlmjgbo ~°_j_e ijh
arsckgx\Zebky az\nhgg¥gkagbo nhg”e\

t\erdjblbc *"hklmi *h “hkee~rgbpvdbo egkljmf_gle\
m ijh_dlZo sh a®eckgx\Zebky aZ dhrlb nhg?”e\

+tgZy\geklv ~Zgbo a ijhnegZgkh\Zgbo ~hke+"" gV
Ahkimie

teg\_kim\Zggy m ‘eeg'jjbk¢jmdimjb

GZ kZcjh_dIY267(5)RVWHUKSQAIDFWREFOBPHRWDWL

2SHEFLHODERUL]RQDQEBH\RQfhaihgZlh]lh m j m f_
ijh]ljzfbt25,621 [meh knhjfmevh\Zgh \bagZq_gagy
hk\elb g_j_a €€ hkgh\ge ijb

KWWSV ZZ7Z IRVW N UHRIHOHREG WHEOKHBYFFWMU R G X FW LF
LZf aZagZqgZ}lvky ©\erdjblZ gZmdZ } gh\bf ie*oh”
gZmdh\h]lh ijhp_km sh %jmglm}lvky gZ kisevgec jh[l
reyoe\ ihrbj _ggy agZgv sh klzZ} fh eb\bf az\~ydb
pbnjh\bo hedgec « gh\bo aZkh[e\ ieMljbfm\Zggy kie\jh[:
gZlhehrmxlv Z\lhjb ijh_dIm \efgdjbllZegEZmd@es" ijhklh
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ihrbjblb ijbgpbib \e~rdjblhkle gZ \_kv pbde a”“eckg_gg)
kdhjer_ hagZgigpylb gzZz~"Zggx kieevgh]lh ~hkpm@m -
Kis\jh[elgbpl\Z azZ[_ai_q_ggy fh eb\hkle kicevgbo e
ydhfh]Z [sevr jZggeo klZ”ey0o "hkee""_ggy > @

<erdjblZz gzZzmpdZ ~"hkblv rbjhdbc |_jfeg sh hot
jeaghfZgelge | _gq*€ sh fzZxlv gZ f I ihkeZyelhdhy [Z
0ZjZdl_jmgZevggy “hklmim ~h j_amevlZle\ "hkeer
f_Ih~e\ Z[h aZkh[s\WydgZ kinZve€ "hkeergbpvdh]h ijhp_Kk
[mlIbt \e~rdjblbc ~hklmi ~h im[eedZpec \e~djble ~hke
ijhljzfg_ azZ[_ai_q_ggy a \+~Adjblbf dh~hf \d¥djbl_ k
\erdjblbc ijhp_k j_p_gam\zZggy \e~djble ghlZldb
j_kmjkb \e~rdjble fhgh]jZne€ ]JjhfzZz~ygkvdZ gZmdz 7
FURZGIXQWLQ@JI ihljZziey} m f_"e | _jfegm ©\enrdjblZ g
ijh_dIm \bhdj_fexxlv ~\Z hkgh\gbonfdgz &€jbgppbib
\e~rdjblbc ~hklmi ~h ~Zgbo "hkee”" _gv \e~rdjblb
im[esdZp @

LZdbf gbghf mjZoh\mxqgb I_g”*_gp+€ jha\bldm 1D
gZmdh\bo “hkee”” _gv ahdj_fzZ gzZ [Za+ ofZjgbo
aZagZqblb sh ~h ijbgpbis\ nymgfdZghhgmggho\Zghlh HC
l[j_[Z ~"h~Zlb s_ c ijbgpbib \erdjblh€ gZmdb \e~djb
"hkee™r" _ggy f_lh”e\ a[bjzZzggy « ih~"Zggy ~“Zgbo \e*
j_amevlZle\ ~hkee”""_ggy a fh eb\eklx ih\lhjgh]h
\erdjbleklv ijhp_ke\ gZmdiZ\h«€ dlptiggerbjr_ \bdhjbkl.
aZkh[s\ 1DL ahdj_fZ ofzZjh hje}glh\Zgbo "ey i*"ljbf
kis\jh[elgbplI\Z <« hjl]ZgeaZpe+€ kieevgh]h “~hklmim *h
jh[hlb

LZ[ebpy
ljbgpbib \e~rdjblh€ gZmdb m nhjfm\Zgg-
ofZjh hje}glh\Zgh]h hgZXdiighnhbHh k j “h\bsZ

Ijbgpbib \e~rdjblh€ gZmdb m nhjfm\Zgge ofZjh |hje}glt

\enrdjbleklv f_ITh*bdb "hkee”" _ggy f_Ih”~e\ a[bjZggy -
\eArdjblbc "hklmi “h j_amevlZle\ *hkee""_ggy a
\bdhjbklZggy

\erdjbleklv ijhgpZedh\h€ dhfmgedZp-£€
ydgZcrbjr_ \bdhjbklZggy azZkh[e\ 1DL ahdj_f
ey i*Mjbfm\Zggy gZmdh\h]h Kie\jh[elgbplI\Z ¢
Ahklmim “h "Zgbo m ijhp ke jh[hlb

>ey j_ZeecaZpe€ KIljZI_]*€ \erdjblh€ gZmdb /\jhi_
[meh hijbex”g_gh ~hdmf_gl ©/\jhi_ckvdz #fZjgZz
jha[m~h\Z dhgdmj_glhkijhfh gh€ _dhghfedb "Zgbo ¢ &
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Py egepeZlb\Z ihdebdZgz azZ[_ai_gm\Zlb /\jhi_
ijhfbkeh\eklv " _j"Z\g_ mijZ\eeggy *gnjZkljmdImjZfb
ey al[_j*lZggy <+ hijZpx\Zggy "~Zgbo \bkhdhr\b~d-«k
i_j_"Z\Zggy ~Zgbo gZ”ihim 'gbfb \bkhdhijh~mdlb\gbf
"ey hijZpx\Zggy "~Zgbo M f_"Zo OfZjgh€ egepeZlb
fh eb\eklv “ey gZmdh\pe\ ij_~klZ\gbde\ ijhfbkeh\hkl
kem™ [ m ih\gec feje kdhjbklZlbky i_j \Z]Zfb egkljmf_g
\_ebdbo "Zgbo a[_j*]Zlb kieevgh \bdhjbklh\m\ZIb -
f "Zo ]Jeh[Zevgh]h jbgdm ~Zgbo \ ydhfm klbjZxIvk
djz€gzZfb gZmdh\bfb ~bkpbieegZfb « <gklijbmigefyfb
Ihfm sh[ ~Zge hljbfZge \ "hkee”""_ggyo [meb fZdkbf.
"hkimigbfb ~ey Ibo olh fh™_ \bdhjbklZlb €0 ey ~hke
eggh\Zpec kiVhj_ggy gh\bo ]Zema_c *g”™m
KWWSV HF HXVURGPOMN G\ JH QRSORX@&ESW DD W LY H

H~rgbf ea dhfihg_gle\ "Zgh€ e<gepeZIib\b } jha[m~h
ofZjb \e~rdjblh€ XWMABRBROGFLH@PORXAG6& sh
mI\hjx\ZIbf_ \ejlmZevg_ k_j_"h\bs_ ey |Ih]lh sh[ al.
hijZzpvh\m\Zlb \_ebde h[ky]b #3dxhj\bje§g”3hebdbo "Zg
> @ OfzZjz \+«"djblh€ gZmdb yd ieZlnhjfzZz ~ey j_Ze-
ofZjgh€ egepeZlb\b h[fT}*gm\ZIbf_ \ kh[e ihIm ghkls
/\jhi_ckvdbo "hkee~rgbpvdbo egnjZkljmdIimj 1Zdbo yd
,1',*2'DWD&ORXG 1Z «grbo

“hilgy j m ;jxkk_ee [meZ hijbex”g_gZ >_de
\erdjblh€ gZmdb m ydec [meb knhjfmevh\Zge h
nhjfm\Zggy OfZ9k *Hkgh\e pbo ijbgpbis\ e_"blv dhg
©q_kgbo ijhahjbo)$AybvrPDIh[Ih*Zgbo dEdbfb sh
fh'gzZz \e~gZclb sh } ~hklmigbfb kmfekgbfb < ijb
ih\lhjghlh \bdhjbklZzggy )LQGDEOH $FFHVVLEOH
XVDEOH

[_j_agy jhdm\jhi_ckvdZ Dhfekey mdeZeZ "~hdm
gZa\hx ©>hjh gy dZjlZ «fie_f_glZp+€ ~ey /Aphjblbolkvdh
gZmdb? B_@x pvh]h “hdmft gbgyZjgblb ]Jheh\ge gZijy
"hkee”r” _gv sh”h mijZ\eeggy "Zgbfb hljbfZgbfb
"hkee~” _gv sh[ fh'gZ [meh \ ih\gec feje [Mm "m\ZII
kijyfhim}lvky ~"Z elX@&ODL VY HIOQH Q KaH

GZjZae~ \e"MkYyZYbagZq_ggy ijbgpbie\ mijZ\eeggy nh
OfZjb \erdjblh€ gZmdb KklI\Hh”gey cealglhk aZ[_ai_q_«
\bjermxlvky iblZggy aZ[_ai_q_ggy kmfekghkle [Z "h
ijbrzZlghkle €0 ~h ih\lhjgh]h \bdhjbk]Bglgh ihkdHE}
iblzggyy\b_ggy [Zah\bo k_j\eke\ sh g_h[oe*”ge "“ey Ih]
hjlZzgeam\ZIlb hijZpx\Zggy ©ijhahjbo® ~Zgbo |Z ih\"
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"hkeergbpvdbo ijh mdle\ sh fzZxlv [mIb ~hklmigbfb
ieZlnhjfb > k @
lkgm} i_j_dhgZggy sh Ofzjz \<24djbrhE hyZghdZ kfg |
fZkrlZz[h\Zghx \heh?elb \eZklb\eklx Z"Zilb\ghkle 2t
ihlj_[ gZmdh\h]h Kkie\Ih\ZjbkI\Z+ [@IblZ&hhfh ghx
ierjbfm\Zlb ih\geklx “bll}\bc pbde gZmdh\bo *Zgl
Nhjfm\zZggy OfzZjb fZ} \eA[m\ZIbky ih_IzZmgh ihApHHR g:
fejhx hi_jzZlb\gh j_Z]Im\Zlb gZ afegm ihlj_[ gZmdh\h]
\erghkgh \bdhjbklZzggy "ZalwZ KIjrAdh€ /K ¢ gZpehg.
kljZzl_]1€ sh klhkmxIlvky hijZzpx\Zggy * \bdhjbklZggy
M OfZje fZxlv [mlb azZ[_ai_d_g' iz IiKIn@g -
MgedZevgZ kem ' [Z " _glbnedZp+€ IZ Zml_glbned
Ahklimim 1Z kbkl_fb fZjrimlbaZpe+€ sh™h j_kmjke\ (26&
AZobs_gbc 1Z i_jkhgZeeah\Zgbc jh[hgbc ijhklej
gZijbdezZ” "mjgZe gZeZrlm\Zggy ijhdhdthjer kgrfekc
iblZzggy
>hklmi “h \erih\e~gh€ kem ' [h\h€ egnhjfZpe€ klZlI
h[ }*gZgbo ¢gnjZkljmdImj ~"Zgbo egnhjfZpey sh”~h ih
kmfekghkle 1Z ~h dhgdj Igbo egkljmdpec yd ajh[blb
k_jlbnedm\ZIb koh\bs[mzZ[yhdkjgmjh[eylb kieevge k_j\ekl
K_j\ekb ihrmdm ~hkimim ih\lhjgh]h \bdhjbklZg
"Zgbo “"hkee”” _gv hljbfZgbo <grbfb dhjbkim\zZqgZzZfb
dzZlZeh]b gZ[hje\ ~Zgbo 1Z k_j\ekb gZijbdez”™ Z¢
\brh[m\Zggy hijZpx\Zggy
Ihkem]b “ey klI\hj_ggy \eZkgbo ©ijhahjbo?2 ~"Zgb
aZ[_ai_q_ggy “h\]lhkljhdh\h]h a[_j_"_ggy
K_j\ekb ~Zgh]lh Ibim gbge fh'mlv [mlb azZ[_ai_q_
ekgmxqgbf /\jhi_ckvdbf ijh\Zc”_jzf 1Zdbf yd (*, (8'$
egrbfb 1Zzdhz\*ydb gzZy\gbf j_ihablzjeyf "Zgbo Lbf q
pbo ijh\zZc”_je\ “hklimige hdj_fbf kiecevghhXkfZgZmgdh\p
h{f_"_gh dhgl_dklhf \bdhjbklZggy Z[h ~bkpbieegZfb
dhjrhgzfb (26& ajh[blv €0 "hkimigbfb g _aZe_ "gh \«~
c djZze&gl@
<bkgh\dbzZklhkm\Zggy |_ogheh]ec \e~rdjblh€ medb
I\jhi_ckvde "hke-"gprJdn»dIngjleZnghkdhl\@ f_j_ "o
ofZjge k_j\ekb a[bjZggy ih”Zggy * hijZpx\Zggy ~Zghb
\jhi_ckvdh€ ofzZjb \e*djblh€ gZmdb } ZdIimZevghbf
gZijyfhf jha\bldm « fh”_jgeaZpe+€ ofZjh hje}glh\Zgh]h

1
y
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Kibkhd \bdhjbklZgbo ~"_j_e

;bdh\ X OfZjge | _oghehds€lkAjXbg] » gh\s nmgdp-
ies"jhaneee\ hk\elgeo » gZmdh\bo mklZgh\ < X ;bd
I_ogheh]e€ \xhk\els« +K

;bdh\ X DhjihjZlb\ge egnhjfZpecges kbkl_fb is”ljb
gZmdhtn\k\elgvh€ ~eyevghkle gZ [Zae ofZjh hje}glh\Z
< X ;bdh\ HKiejegFl RbrdegZz ljh[e_fb 1Z i_jki_dlIl
nhjfm\Zggy gZpehgZevgh€_Jpgrgghli€jgbdslb a[ gZmd
aZ j_~ E E Lh\Zgygkvdh]l]h H =OhriZgG\ikwdhQH12

£<bi +Q K

;bdh\ X L_hj_Ibdbhh*heh]eqge aZkZ”b nhjfm\Zgg
hjelglh\Zgh]h k_j_~h\bsZ \bsh]lh gzZ\qZeXghbhhazZdeZz
F I RbrdegZz L _hjey « ijZdlbdZ mijZ\esggy khpeZev
+ +< +&

%\NRY 9 (PHUJLQJ WHFKQRORJLHV IRU SHUYV
LQ 8NUDLQH 9DOHULL %\NRY ODUL\D 6K\VKNLQT
RQ QWHUDFWLYH &ROODERWFWLYH 'HBIQ+ QJ
3

'LJLWDO VFLHQFH LQ +RUL]JRQ *ODUFBHFWUR
+ S*E$FFHPRGHKWWSY JRR JO DG6FS-

(XURSHDQ & ORX&XLPLIGLLDWL FRPSHWLWLYH G
HFRQRP\ LQ (XURSH &RPPXQLFDMRQR @ RUW R HV KX
S3DUOLDPHQW WKH &RXQFLO WKH (XURSHDQ (FF
WKH &RPPLWW H H >R 0O MKV UR-QILLARQNKWR X DOFVH @

S + S$FFHVV PRGH O KWHRWSURB R UH X (
FRQWHQW (1 7:7 3') "XUL&&(/(;
(XURSRBE@FLH@RORXHZ 5HVHDUFK ,QQR

2SSRUW X QQMAWUYR Q LEWUKWRMWDAH @ S+$FFHVV

PRGH KWWSV HF HXURSD HX UHVHDUFK RSHQV
)267 (530 %W R MRFW MUSH) D F WALSOP H R WDHAL R Q

6FLHRQBRUL]RQDQEBH\RQG >(OHFWURQLFt UH¥RXUF

$FFHVV PRGH KWWSV ZAZA RRFABMHUHQFH HX

FRQWHQW XSORDGYV BRVF BS$SEVWUDFW S
,PSOHPHQWDWLRQ 5RDGPD® IRALHWRH &OF

&RPPLVVLRQ 6WDII :R UNIOMHF WRIFRXPLHO W U X R X W G M

+ S+$FFHARGKWWSYV JRR JO HUG

5HIHUHQFHV WUDQVODWHG DQG WUDQ\

%\NRY 9 <X .KPDUQL VDEKMK/RRIVRE RN WMLYL, .
SLGUR]GLOLY RVYLWQLNK L QDXNRY\NK XVWDQR"
DQG QK@FWRRQM7 GHSDUWPHQWYV RI HGXFDW]
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LOQVWLWXWLRQV@ 9 <X %\NRY ,QIRUPRDWVLI
1R 6 ,@NUDLQLDQ

%\NRY 9 <X .RUSRUDW\YQL LQIRUPDWVLLG
QDXNRYRLWQRL GLLDOQRVWL QD ED]L> &K 5R BDRA
LQIRUPDWLRQ V\WVWHPV VXSSRUWLQJ VFLHQWLIL
FORKIBVHG VHUYLEMV@\NRY 2 0 36KLVKNLQ@D
3UREOHP\ WD SHUVSHNW\Y\ IRUPXY D/QHN.OQQ B KWY
HOLW\ JE QDXN BSUBWNKQRDUHGARKR 2 + 5RF
+ KDUNLY 178 ©.K3®\S + &K +6
,8BNUDLQLDQ

%\NRY 9 <X 7PRWRWRMORKLFKQL ]DVDG\ IRUI
RULLHQWRYDQRKR VHUHGRY\VKFKD Y XWKRFWKHRW RF ¢
DQG OHWKRGRORJLFDO 3ULQFLSOHV RADWKGE )
(QYLURQPHQW RIGEBFBWIKRHAD @ ,Q VOV L WX W %RIQR
0 36K\WKNLQD 7HRULLD L SUDNW\ND XSWDYOL

+1R +& ,BNUDLQLDQ
%\NRY 9 (PHUJLQJ WHFKQRORJLHV IRU SHUV
LQ S8NUDLQH 9ODODWIDLE6K\MRNLQD ,QWHUQD

RQ QWHUDFWLYH &ROODERWFWLYH 'HBIQL QI
3

'LIJLWDO VFLHQFH LQ +RUL]J]RQ tODUFBG&HFWUR
+ S*$FFHPRGKWWSV JBR JO DG6F

(XURSHDQ & ORXXLPIGLLDIWDL FRPSHWLWLYH G
HFRQRP\ LQ (XURSH &RPPXQLFDWLRQ IURP WK
SDUOLDPHQW WKH &RXQFLO WKH (XURSHDQ (FF
WKH &RPPLWWH H >R O MKV UR-QILARQXK YR XORVH @

S + $FFHVV PRGH O KWRWSURB R UH X (
FRQWHQW (1 7;7 3') "XUL &(/(; '&
(XURSRBE@FLH@ORXHZ 5HVHDUFK ,QQR

2SSRUW X QQRMAWUYR Q LEWUKWRMWDAH @ S+$FFHVV

PRGH KWWSV HF HXURSD HX UHVHDUFK RSHQV
Y267 (530 %Y R MRMW HUSH D F WALSOOP H R &VDHDL R Q

6FLHRDBRUL]JRQDQBH\RQG >(OHFWURQLFt USHH¥ RXUF

$FFHVV RGRH KWWSV 2AZZA R HUHQFH HX

FRQWHQW XSORDGYV BRVF BS$SEVWUDFW S
,PSOHPHQWDWLRQ 5RDGPDS IRU WKH (XU

&RPPLVVLRQ 6WDII :R UNIOMHF WRIFRXPLHD W b X R X W G M

+ S+t$FFHPARBKWWSV JRR JO HUG

SHFHLYHG 0D\ LQ UHYLVHG IRUP 0
0D\
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3RZHU %, yd +sgkljmf_gl deevdekgh]h [Z ydekg
hijZzpx\Zggy j_amevlZls\ gZmdh\bo “hke<""_ gV

FZcy <heh”bfbje\gZ Ihi_ev
<ernee 0ofZjh hje}glh\ZgbohkibkIlb&Zpe«€ hk\elb
lgklbIml egnhjfZpecgbo | _ogheh]ec ¢« aZkh[s\ gZ\qZg
\meF ; jebgkvdh]hDb€¥ MdjzZz€gZ
SRSHOPD\D#JPDLO FRP

:ghlZpeyF_lhx ~hkee""_§gyZgZe+sa fh eb\hkl_c
h[%jmgIm\Zggy “hpeevghkle \bdh,bid ZogyhgRFHU211L

m "eyevghkle gZmdh\py 1Z is™hlag=egrh €g 2mkdhgin\
AZ\"Zggy "hkee<~hdggkeblb i_j \Z]b \bdhjbklzZzggy 3
hozjzdl_jbam\Zlb 1Z ijhZzgZeesam\ZIb gZy\ge e*p_gac
%, h[%]jmgim\ZIlb i “"pl+evgeghkiv \bdhjbklZggy 3RZFE
Neyevghkle gZmdh\py [1Z ie*jha~eem gHZ[MiHdl\thf€ m|
"hkee™"_gghhp_k \bdhjbklZggy 2IILFH m "~eyevg|
mklZghyb " f_Ihf “"hkee" "} BFZHU %, yd sgkljmf_gl 211l
F _Ih*b "hke*”" Zggya “"hdmf_glZp<€ a hnepecgh]h kZc

kihkl_j_" _ggy ihje\gyggy [_ke*”b a ij_"~klz\gkdZzZfb ¢
kie\jh[elgbdZfb P_gljm dhfi_|_gpec %, M jh[hle jha]
3RZHU %, yd e<gkljmf_glm 2IILFH m ihje\gygg:

IZ[ebgghfbp_khjzfb I1jh\_~_gh ihje\gyevgbc ZgZe-+a ¢
eep_gam\zZggy yde fh'gZ \bdhjbklZlb \ ~eyevghkle gZ
gZmdhthkeergh€ mklZgh\b Hdj_ke_gh fh eb\hkle
[_adhrlh\gh]h eep_gam\Zggy 'HVNWRS ydhlh [m
\bkdle_ggy hkgh\lgbo 1Z ijhfe'gbo j_amevlZle\ "eyevg
ie"jhareem gZmiddehgh€ mklZgdrhlevIZIb ~hke<"" _gg
I[_hj_Ibgqgh h[%jmglh\Zgh i_j \Z]b \bdhjbklZggy
egkljmf_glm 2IILFH deevdekghlh 1Z ydekghlh hijZy
"hkees"” <gvkgh\db « j_dhfibg’hdpbk€Zggy 3RZHU %, "HVN
hijZzpx\Zggy gZmdh\p_f h”_j Zgbo j_ameviZle\ _dk
"hkee”r” _ggy [m~_ peedhf ~hklzZlgvh Ijhl_ m ?"eye
gZmdhthkeergh€ mklZgh\b nmgdpehgZe[BRZHOKBoyV 'F
h[f_~_gbf 1z g_~hklzlgvh Zz~Zilb\gbf ~h jh[hlb ]Jjmib ¢

Dexgh\s keh3RZHU %, 2IILFH gZmdh\e mklZc
hijZzpx\Zggy j_amevliZle\ *hkees”"_gvVv

0 9 3RSBAZHU %, DbV D WRRO IRU SURFHVVLQ.
TXDOLWBWHIHFK UHVXOWYV
$SEVWUBKBWRI WKLV VWXG\ LV WR DQDO\]H WKH
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WKH DSSURSULDWHQHVV RI XVLQJ 3RZHU %, DV
DFWLYLWLHV RI D VFLHXEMIEHAW DYQHS/ ILRH WRHHIWORRTY K
DGYWDJH RI XVLQJ 3RZHU %, FKDUDFWHUL]H D
OLFHQVHG RIIHUV WKH SHGDJRJLFDO H[SHGLHQ
RI D VFLHQWLVW DQG XQLW FRIED HIFHW HROLUFHOWHHID L
SURFHVV Rl XVLQQ® 2WKHHFWLYLWLHV RI D UHV
VXEMHFW RUVUBIRHDWPK DV D W RSRHO HRW 2K | PHW K
DQDO\VLV RI GRFXPHQWDWLRQ IURP WKH RIILF
FRPSDULVRQ FRQYHUVDWLRQV ZDWK % H %UHBWV WE
&HQWHU Rl FRPSHWHQFH %, 7KH SDSHU FRQVLG
WKH 21ILFH WRRO LQ FRPSDULVRQ ZLWK WUD
FRPSDUDWLYH DQDO\VLV Rl WKH H[LVWLQJ W\SH
DFWHYIRVID VFLHQWLVW RU UHVHDUFK XQLW LV F
RI XVLQJ WKH IUHH '"HVNWRS OLFHQVLQJ ZKLFK
DQG LQWHUPHGLDWH UHVXOWV RI D VFLHQWLV\
SHVXOWYV RLWWHH WEEDQWDJIHV RI XVLQJ 3RZH
WR ZRUN RXW TXDQWLWDWLYH DQG TXDOLWD
MXVWERIQF® XVLRQV DQG UNERBPHQGWRSE BAEZHU ¢
RXW WKH UHVXOWV RI D I HAFH BIQRMKL IS B UQ P HEBN
+RZHYHU EXVLQHVV XQLW UHVHDUFK LQVWLWX
ZLOO EH YHU\ OLPLWHG DQG QRW VXIILFLHQWO\
H\ZRUG3RZHU2PBLFH UHVHDUFK L QM WH DMXMKLIR
SURFHVVLQJ Rl UHVHDUFK UHVXOWV
$IILOLDVWHSOUWPHBWRRRELHQWHG V\VWHPV RI
LQIRUPDWIQPWLRQWH RI ,QIRUPDWLRQ 7HFKQRO
1$(6 RI 8NUDDL @H U O\ QBANER KLRY S8NUDLQH
( PDLSRSHOPD\D#JPDLO FRP

>eyevgeklv kmgzZkgh]h gZzmdh\py kdez”~Z}Ivky g_
ZgZeeam gZmdh\bo ijZpv Ze_ ¢ ijh\_"~_ggy _dk
aZdegq_ggy _dki_jbf_glZevgh]lh ~hke<""_ggy \_ebq_
ierey]Z} hijZzpx\Zggx ZgZeeamdiZzfh{jH[ghx ihklZ}
iblzggy i_j_\ejdb \ejh]e~rghkle h™_jZgh]lh fZkb\m ~Zghb
j_amevlZle\ "hkee”"" _ggy aZal\bgZc \bfzZ]Z} i _\gbo amk
hkdeevdb \bk\ele ggy _dki_jbf _glZevgbo ~Zgbo fZ}
geldbf Z ]Jhel\dambf gZmdh\ec kieevghle Lhfm [Z Z
liZneqg_ ih”iggy [meh ~"bgZfeqg_ sh g_fh eb\h
\bdhjbklzZzggy ljZ*"bpecgbo IZ[ebggbo ijhp_khje\ > @

M ih}*gZgge a \bdhjbklZggyf ofZjgbo | _ogheh]
fh eb\eklv aZklhkh\m\Zlb k\h€ *Z[gebkebdgym\\glkinlb
i_\ge dhj_dIlb\b a\_jlZzxgbkv “h gbo gq_j_a 1gl_jg_I >
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g_ i_j_cfZlbkv klhkh\gh \klZgh\e_ggy <+ hghle_gc
aZ[_ai_q_ggy h[f_"_ggy h[ky]lm izZffyle Kki_peZevg
a[_j_"_ggy "Zgbo kihkh[m R[jh[dbdgyKZgbo gbf *Zgl

Djef Ihlh ij_~klZ\blb _dki_jbf_glZevge ~Zge m je

aZa\bgZc \b”~Z}Ivky neabqgh g_fh eb\bf aZ [jZdhf qZ
ih~"Zggy i gqZk \bklmim Hdjef Ih]h i qZk \bkImim
} “hkimi ~h fZkb\ibf_dkievgbo "Zgbo Ihfm g_ fh eb\t
\eamZeeam\ZIlb i_\gbc ZzZki_dl _dki_jbf_glm \e~nee
ij_"~klZ\blb

GZ ijhlb\Z]lm 1jZ*bpecgbf 1Z[ebqggbfb ijhp_khjzf
aZijhihgm\ZIb \bdhjbklZggy m ~eyevghkle kmgZkgh]h
yd egmlf _ gIm 2I1LFH

K_j_™i_j_\Z] B3RZHU %, m ihje\gygge a ljZ"bpecc
ijhp_ kh]Zfb fh® gZ aZagZqgblb

tierdexq_ggy *“h [eevrhkle \er*hfbo [Za "Zgbo

tkl\hj_ggy fzl_fZlbggh€ fh~_es "~ey hdj_fh€ ~
ijh[e_fb

tagZqge *gkljmf_glbea&yps€amizZepvhiZzgbo fZkb\e\ 7

th[jh[dZ "Zgbo \ j _Zevghfm qZke Iml IZ aZjZa

tjeage jelge “hkimim fh eb\eklv gZ~"Zggy “hkimir
h[gbke_gv jeagbf ]jmiZf dhjbklIm\zZqg-\

+tgZy\gbc fh[eevgbc "h”*Zlhd

teglm€lb\gh ajhamfeebc sglvkp gk OZamkrHO

+fh eb\eklv ih}*gZggy ~Zgbo a jeagbo ~ _j e \
dhjihjzlb\gh€ ofzZjb

+fblI}\_ kih\es_ggy ijh hgh\e_ggy hdj_fbo \b[*jhd

Hkgh\gbc ijbgpbi jh[hlb \ 3RZHU %, [Zam}lvky gZ
gZ hkgh\e az\zZglzZz  _gbo gZ@hde\ fhZgbo h"ghqgzZkg
\bdhjbklIh\m\ZIb \ jeagbo a\¢«lZo \ h~gec h[eZkles dh
\eamZesaZpe+€ gZ "~_deevdho jeagbo iZg_eyo fhgell
egkljmf_gl kI\hjx\Z\ky \ dhf_jpecgbo peeyo ijhl_ ch]h
fh'gZ jhaley”ZIlb a Ihddb gahjmegtkkljmf_glZ ~ey <gl_jij
1Z ih"Zggy gZmdh\bo “hke+s”" _gv A\el sh nhjfm}livky
"halhey} fbll}\h \e~rneevlijh\m\ZIb azZ i_\gbf ihdZaghbt
"Zgbo 1Z \eamZeeam\Zlb dh]JEdhbkfh eb\eklv \e~rdjbl
Ahklimim ~dhghdh fZzkb\m _dki_jbf_glZevgbo ~Zgbo

GZ kvh]h~ge gZy\ge ~_deevdZ reyoe\ \bdhjbklZg
jZomghd azfh\e_ggy i_\gh]h \b"m e+sp_ga*€ jKlZghf
OLFURVRIW 3RZHU %, gZ~Z} dhjbkim\zZzqgzf Ijb \b”"b
3RZHU %, 3UR% 3BRUHPLXP

H[jZ\rb [_adhrlh\g_ eep_gam\Zggy 'HYWNWIRS Zdmk
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gzZ~Z}lvky egkljmf_gl ydbc fh'gZ \klZgh\blb ebr_ g
fZrbgm ihkbeZggy “ey azZ\ZglzZz  _ggy [_adhrlh\
KWWSV SRZHUEL BXFURVRIW FRP UX

:
(

Jbk IljbdeKMNhj ggy “"bgZfeggh]lh alelm \ 3RZHU

Jbk =heh\gZ klhjegdZ 1Z klhjegdZ azZ\ZglZ  _ggy 3R

Ozjzdl_jblbdZ « nmgdpehge §RAHAYE§Y, ' HVNWRS
t[_adhrlh\geklv

+fh eb\eklv ierdexq_ggy fZkb\m ~Zgbo

tjhajh[dZ klZlbkld\edmlhgZ hkgh\e ekgmxqgh]h fZkb\

*i_jkhgZeeaZpey i_j \Z°Z} eg”"b\e"mZevg_ \bdhjbk
H~_j°Zlb ~hklmi ~h klI\hj_gh]lh a\elm fh 'gZ ebr_
\bdhjbklZzggmn3B&dm ydbc \eZkgbd hkh[bklh fh™_ i _j_

dhjbkIm\Zgm |Ijb pvhZmgbfZkplibc ihi_j _~gvh [meh \g_
hijZzpvh\Zgh m \blJey”e alelm [m”_ ih\geklx \e~djblh
"Zgbo \e*"kmlgec

AgZqgqgh kijhsm}lvky ijh[e_fZ aZobklm ~Zgbo
e*p_gam\Zggy 3RZHU %, 3UR hkdeevdb \ "Zghfm
dhjihjzlbtghZobkl Lhfm dhjbklim\zqge \"_ afh ' mlv \bd
3RZHU %, yd kdeZ~h\m dhjihjZlb\gh€ ofzZjb 2IILFH
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dhe_]Zfb

OzZjzdl_jbklbdZ « nmgdpehge gREAYZYFY,3RZHU %

tfh eb\eklv gZ~"Zggy im[eeqgh]h “hklmim ~h mkeo

tgZeZrlm\Zggy iheelbdb dhgne”_gpecghkle

*i_\gZ deevdeklv ee*p_gaec Ney hdj_fbo k
hjlZzgeaZp+*€ gZmdh\h€ mklZgh\b

tazZ\ZglzZ  _ggy a\ele\ mMOWG{LFHO

t~bgZfeqgbc al\el gZ \e~rfegm \e” |jZ bpecgh]h

taZobkl "Zgbo aZ j{midgghgly redgn|jjan «ld m

Keen [eevr "_IZevgh jhaleygmlb gZeZrim\Zggy
jhajh[e_gh]lh aleslm < ~Zghfm \biZ~dm \e~Adjblly /I
\er"[m\Z}Ivky aZ jZomghd

tkl\hj_ggy im[eeqgh]h ihkbezZggy ijhl_ ebr_ \
dhjihjzlb\gh€ ofZjb

taZ\ZglZ _ggy a\ele\ mSBHWYBZAR ZBHRILQW [ WD 6
([FHO 1Z \[m~"h\m\Zggy hdj_fbo JjZnedes\ ~eZ]jZf Ihst

tim[eedZpe+€ gZ klhjegdZo \gmljergeo kZcle\ 6 KDUH
ofZjb

+i_jkhgZevg_ ihkbeZggy koh'bc ~hklmi azZ ihkb
akwljelb m *RRJOH 'RFV

tjhaf_"m\Zggy ijZ\ *hklmim gZ je\ge alele\

Ozjzdl_jblbdZ + nmgdpehgZe.p3RZMUZgHYy 3RZHI
BUHPLXP

tyd ehdZevg_ 1Zd « ofZjg_ jhafes_ggy a\lele\

thjl]ZgeazZpey jh[hlb \ hdj_fbo \maeZo ofZjZo )
A"hkimeéeyrhdj_fh€ mklZgh\b

tgZklhlzZz z\IhfZlbggbo hgh\e_gv g_ h[f_

+ =[ “bkdh\h]h ijhklhjm

:e_ Jheh\ghx i_j \Z]lhx ~Zgh]lh \b"m eesp_gam\Zgc
mklZgh\b jhajZoh\ZgzZz i_\gZ deevdeklv eep_gac-c
aZj_}kljh\Zgbo dhjbkIim\zqge\

<bkgh\&wsh ijhzZzgZecam\ZIlb e*p_gam\ZYhWRRZ\H
ihje\gygge* a *grbfb 3RZHU %, 3UR 3RZHU %, 3UHP
sh ey kmqzZzkgh]lh gZzmdh\py pvh]l]h [m”_ peedhf ~hklZ
c”_ fh\zZ ijh hijzpx\Zggy \b[ejdb _dki_jbf_glgkugbo I
]jmi iekey azZ\_jr_ggx i_"Z]h]egqgh]h _dki_jbf_glm

gZz

Kibkhd \bdhjbklZgbo ~"_j_e
<Zjkdb >hdmf_glZpby 3RZHU %, >We_dljhgguc |
<Zjkdb >w\b” Bkftbg]_ j % k £+ J_"bf ~hklmiz

KWWSV GRFV PULPUBRRIHW FRP UX
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lhi_ew < ljh]jZzfge azZkh[b gZ\gZevgh]h fh"_e
F <lhi_ev KRhdzZexd lggh\Zpecge «dmimjgA2dZpglog-
| ogheh]«€ gZ\qzZggy fzZIl _fZlbdb neabdb <gnhjfzZlb
\bsbo gzZ\gZevgbo aZflefyZhod afZpxl_jeZeZfb <k_mc
gZmé_Ih~ dhgn fheh”bo gZmeéekhpe\j £tDjb\bc Je]
Djb\hjeavdbc ~_j Zgbc i_~Z]h]eqgbc mi§+\_jkbl_]I

lhi_e¥ < OfzZjgbc k_j\ek 6DJHODWK&ORXG yd a.
ijhn_kecgbo dhfi_l_glghkl_c \gbl_ey fZl|_fdkndb i_"b
gZmd + egnhjfZpedghmgedZpecges | _ogheh]e€ \
F <lhi_ev GZpehgZevgzZz zZdz"_fey i_~Z]lh]leqgbo g
lgklbIml egnhjfZpecgbo |I_ogheh]ec <t®DbIEN[\ HZ\qZg

F

5HIHUHQFHV WUDQ\OQDWHK®G WDIG WUDQ
9DUSNLRNXPHQWDWFLLD 3RZHU %, >3RZHU
>(OHFWURQLF UHVRXUFH@ $GDP 9PUVNI+ 'HYL
$FFHVV PRGH KWWSV GRFYREZIHWU RY XY FRIPQU »
3RSHHO® 3URKUDPQL QDWRKEDOQRKR PRGHC
>(GXFDWLRQDO PRGHDAIRIHREHRNDBO@XNO ,QQR
LQIRUPDNRPIXLA@IRNDWVLLQL WHNKQRORKLL QDYFK
LQIRUPDW\N\ X VHUHGQLNK WD Y\VKFK\NK QDYFK
]JDPDWHULDODP\ 9PHWRG RR®N PRORG\NKOQOWNF
Ut.U\Y\L 5LK .U\YRUL]N\L GHU]KDQ\L SHGDKR
+6 ,Q 8NUDLQLDQ
3RSHHO® .KPDUQ\L VHUYLV 6DJHODWK&ORXG \
SURINNKLRRPSHWHQWQRVWHL YFK\WHOLD PDW}
6DJHODWK&ORXG DV D WRRO RI PDWKHPDWLFV \
IRUPDWLRQ@ G\V N D @ GQ ISRHUG DYDPOUGILRN D W V L
WHNKQRORKLLIY3IRYHQW QIID®MQDFONDGHPLLD SHG
QDXN 8NUDLQ\ ,QVW\WXW LQIRUPDWVLLQYNK Wi
ALY + F ,Q 8NUDLQLDQ

SHFHLYHG $SULO LQ UHYLVHG IRUP
0D\
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JZajzZ[hldZz fh[bé&wdhee _dimZevghc bgl_jzZzdlb\ghc 5H
/HDUQLQJ 6\VWHP 7~ey _hEkhminghhly b kibjh\Zgby agZg

:gZlhebc :jdZz”*v_\bg DhkheZih\
DzZn_"jZ we_dljhgguo \ugbkebl>gvigho_ fghtkgbc
gZpbhgZevguc mgb\_jkbl | ° e _agh”~hjh gh]lh IjZgk
ZdZ fbdZEZaZjymé EZaZjylpd ij MdjzZbgZz
NRVR®&DIRI

:gghlZpby _evx bkke_"m\\egbykiyh_dlbjh\Zgh _
j_ZebazZppy_jZzdlib\ghc bgl_ee_dlmZevghc kbkl_fu
azZzgylbc k hi_jzlb\guf dhgljhe_f b hp_gb\zZgb_f
kim~_glzfb agZgbc \ j_ZevfhBEPAqbf bkike £ RK\gZZgahya
ba\_klguo ih"oh”~h\ d hj]J]ZzgbazZpbb ijh\_~_gby azZgylt
]jmii kIm~_&Ih\ZjbZlb\gufb e_dpbhggufb dmjkzfb j.
Zjobl_dimju kbilHBUFWHDK Q6 \Q/IW HF 6 _z h[s_]h
ZelhjblfZz nmgdpbhgbjh\Zgby 1j_[h\Zgbc d |_ogbq_
ijhljzffghfm h[_ki_q5/Pbk ihkljh_gbx KfiZjdIimju
gblzZz_fuo dmjkh\ blgkIh\jh\u[hj | _ogheh]bc ijh]jzZzffbjh\
kbkl_fu dek_¢g\l_jghc Zjobl_dlmju jZajz[hldz bgl
kbkl_fu b wdki_jbf_glZevgZy ijh\_jdZ wnn_dlb\ghklb
ihroh”zZ d j_Zeb/kbzHbth dIhf bkke_~h\2&gbyky ijhp_kk
ijh\_~ _gby e_dpbfZ]bkehMh\ ki_pbZevghkl_c ©Dhfivx|
bg'_g_jby2 b ©Db[_j[_ahiZzkghklv® ih ~bkpbiebg
bkdmkkI\_ggh]lh bgl_ee_dlz& gzZ dzZni?jjAkdhdkr >g
gZpbhgZevghlh mgb\_jkbl_1Zz "_e_agh”hjh gh]h
bf ZzdZz2¢ EZazjylgZz™f_Ihf bkke_"hyrapbylkkihevah\zZgb _
bgl _]jbjh\Zgguo fh[bevguo kbkl_f BDL \dexqgZxsbo
ieZgr_lu b ghml[mdb “ey h[mqg_gby b | _klbjh\Zg
mk\h_gby mqg_[guo fZl_jbZeh\ < jZ[hl_ \uiheg_g Zc
ijh\_~ _gbx azZgylbc hjb_glbjh\ZggluhjgthzZzd Igdl dmgH
"bklZgpbhggh_ dhffmgbpbjh\Zgb_ ij _ih*Z\ZI_ey
JZkkfhlj_gu \hijhku bg*b\b"mZevghc jZ[hlu ih aZgylb
k_f_kljh\thc hp_gdb j_clbg]Z kim~_glh\ k Zjob\Zpb_c
aZgylbyo >ey hp_gdb wnn_dlb\ghkkh dkZhEYEhd Zg
mgb\_jkbl_1I_ gZ dZn_"j_ W<F aZieZgbjh\zZgh
i_~Zlhlbgq_kdh]lh wdki jdmeglZlu bkke_ iemghjmy_ lky
h[h[sblv ey nhjfbjh\Zgby j_dhf_g~Zpbc ih mkljZg_gl|
f_klI b jzkrbj_gbx ijbf5/p\gbgb\_jkbl_jy*egybkpbiebg

Dexq_\u_ keh\¥gl_jzdlb\gh_ h[mqg_gb_ | _klbjh'
j_Zevghf \j_f_gb \ZjbzZlb\ghklv md&HDE uHdd QH\Q J
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6\VWHP

$$ .RVRODSRWHORSPHQW RI PR E LLGHV H QDAL
SHDFWLYH /HDUQLQJ 6\VWRH®D LI& K WMLLIQR Q N MRAX

$EVW WKFWD LW KRl LW XGR GHVLIJQ DQG LPSOHPH
LQWHOOHFWXDO VI\VWHP Rl PRQEXFRD WUROQLQG
LQ UHDO WL PN QR 20MGEHREMH FW LY Bl Y HR Y BUG\HD MV
RI NQRZQ DSSURDFKHV WR RUJDQL]LQJ FRQGXF
VWXGHQWYV ZLWK YDULDEOH OHFWXUH FRXUVHYV
6\WWHP 5/6 LWV JHQHUDO IXQFWLRQLQJ DOJRU
VRIWZDUH DQ/® XWFRH.RRQRI D VPDUW VWUXFWXUH
VXLWHV VHOHFWLRQ RI SURJU D PPHDYHW HIF K RKRLM
VIVWHP GHYHORSPHQW RI VI\VWHP LQWHUIDFHV
HITHFWLYHQHVV Rl WKHWVRURS R U HGX\H EASENREDBEW R |
VWX®\WKH SURFHVV Rl FRQGXFWLQJ WUDLQLQJ \
@RPSXWHU (@D @G HHWQIFDLEWVKH GEMFPNEIEQB
,QWHOOLJH®BMW VKW HPRPSXWHUV 'H SJRBW RHIERW \
IDWLRQDO 8QLYHUVLW\ RI 5DLOZD\ 7UDQVSR!
9 /D]DU\DKH VXEMHFW IRM WKH XWK®I LQWHJUDYV
VIVWHPVY LQFOXGLQJ VPDUW SKRQHV WDEOHWYV
WKH OHDUQLQJDRXQWERPHDWRUOBOV 7KH ZRUN DC
WR FRQGXFWLQJ WUDLQLQJ IRFXVHG ERWK RQ
FRPPXQLFDWLRQ RI WKH WHDFKHU DQG VWXGH/
WUDLQLQJ VHVVLRQ RQ PRGXOHVHOQWAMBBWW AU
DUFKLYLQJ RI WKHLU DFWLYLW\ RQ WUDLQLQJ
HIILFLHQF\ Rl XVH FUHDWHG 5/6 LQ XQLYHUVLW\
FDUU\LQJ RXW RI SHGDJRJLFDO H[SHULPHQW 7K
EHHQHUDOL]HG WR IRUP UHFRPPHQGDWLRQV IR
H[SDQGLQJ WKH DSSOLFDWLRQ RI 5/6 LQ WKH 8QL

H\ZRUGMQWHUDFWUW® OP b DWBINQIDEL OLW\ RI
FRXUVHV 5HDFWLYH /HDUQLQJ 6\VWH

$1ILOLDRIPEBXWHUV '"HSDUWPHQW 'QLSURSHWL
RI 5DLOZD\ 7UDQVSRUW QD P//DGDDNY/EYDLBMAMH P L F
'QLSUR 8NUDLQH

(PDLO NRVRODSRI#L XD

Wnn_dlIb\ghklv \g_"j_gby kbkl_f ~bklZgpbhggh]l
mgb\_jkbl_1Zo MdjZbgu \uaulzZ_| fgh]lh khfg_gbc
ij_ih~rzZ\Zl_e_c aZz ie_qzZfb dhlhjuo ~_kyldb e_1I ij_ih
| _ogbqg_kdbo "bkpbiebg b lukyghb \uir
\ukhdhd\Zebnbpbjh\ZggwkdhRi_cpblhg¢d_ mki_rgh jZ[hlZx
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kh\j_f_gguo ij_"ijbylbyo bklggmMayhl _evkdbo bgklblm
eZ[hjZlhjbyo b mgb\_jkbl_IZo ih \k_fm fbjm >_ckl\b
bgl_jg_I _klv mghpdhg_kdb_ fzZl_jbZeu ijZzdlbg_kdb
hljzkeyf agzZgbc _lilky dgZoh”b [_jb b mqgbkv \bjlm
mgb\_jkbl _lu g_ gm'gu Kdhjh \uimkdgbdZf rdhe
hij_~_ezgghc ijhn_kkbb [m~ ml kgblu\Zlvky b aZibku\
k aZzjZzg__ knhjfbjh\Zgguo ki_pbZebklZfb:&xfhdr? ih)
©ljhn_kkby2 > @ fmGIn]i'hgy g_h[oh~bfh mgblvky beb

\' k_Ib \kz _klv" Thg_fm \ e_kguo ~ _[jyo :fZahgdb
h[jzah\Zl_evguo j_kmjkh\ g_h[oh”bf ijh\h~gbd d ¢
©iml_r_kl\by2" Thlhfm qglh hkgh\gZy azZ~ZqZ %ukr_]h

gZmgblv mqgbhNKyjzdlib\ghf h[s_gbb k ij_ih*"zZ\ZIl_ e _
khpbmf_  ]jmiiu h[mqgzZ_fuo gZmgblv fukeblv dj_
dhfibebjh\zZlv ba\_klgu_ j_r_gby \Z gh gZmqgblv \b~*

agzZgbc G_ hljbpzZy ij_bfms_kI\ bkihevah\Zgby gh\uo
I_ogheh]bc \ mg_[&kf ijfupijbkimibeb d jzZzajz[hld_ fh]
bgl_ee_dimzZevghc kbkl_fu ey h[mqg_gby kim~_glh
I_klbjh\Zgb_f agZgbc b bgl_jzdlb\guf \azZbfh”_
ij_ihnrz\zl_e_f

L _ogbg_kdZy kljmdImjzZ kbkl_fu \dexqZ_1| dhfivxl_]
ghmli[md ~Zek_ H&; :LQGRZV b ebqgu_ kfZjlnhgu i
h[mqzZ_fuo ih® mijZ\e_gb_f HK $QGURLG H[h[szggZ
| _ogbq_kdzZy klijmdImjz jzajz[Zlu\Z_fhc kbkl_fu ij_"k

Kbkl_fZ hjl]Zzgbah\ZgzZkg@A dghcgZjobl_dImj_ k h[eZ
ojZgbebs_dggud gZ hkgh\_ fhsgh]lh k_j\bkZ )LUHEDV
ij_"hklZ\eyxsbc $3, ey o0jZg_gby b kbgojhgbaZphb
"Zgguo ihalhey_| jZ[hlZlv k ~Zggufb dhlhju_ ojZgy
kbgojhgbabjmxlky \ j_Zevghf \j_f gb -621 Zgle -
IRWDWL RQklIh\uc nhjfzl h[f_gZ ~"Zggufb hkgh\z
-DYD6FULSW

<azZbfh”_ckl\b_ k k_j\bkhf ihkljh_gh gZ hkgh\_ .
klbey 5(67 ZhBHSUHVHQWDWLRQDH ©bWDWHZ 7!
khklhygby ij_~klZk%e ZgohP_dimjguc ké&lxéevh”_ckl\by
dhfihg_glh\ jzZkij_~_ezggh]lh ikbéb 5 (®byij)_~klZ\ey_|I
kh[hc khlezZzkh\Zgguc gZ[hj hljZgbqg_gbc mqbl
ijh_dlbjh\Zgbb jzZ&zjgditbd _jf_"~&Bkl_fu < hij_"~_ezggu
kemqgZyo \ kbkl_fZo hkgh\Zgguo gZ ~Zgguo wlh ijb!
ijhba\h~bl_evghkibsbgbi Zjobl_dIimju < rbjhdhf kf
dhfihg_glu \ 5(67 \azZbfh”_ckl\mx|l gZih*h[b_ \aZz
deb_glh\ b k_j\_jh\ \ :::

>ey ijbeh” _gbc \ kbkl_f_ jZ&jZIblazzc §;
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Jbk Hjl]ZgbazZpbhagthq_kdzZy kljmdImjz 5/6

Dhgp_ipby ihkljhnmiggypdbhgbjh\Zgby kbkl_fu hleb
_z hl kbkl_f gz hkgh\_ ORRGOH hkgh\ZgzZz gZ hi_
ji_Zevght fzZkrlZ[_ \j_f_gb ijh\_~_gby azZgylby m
fZl _jbzez beb \gbfzl _evghklb kIm~_glh\ imlzf |
|_klbjh\Zgby ih \u”_e_g[ehfdkffZ¢l_dpbb Ijb wlihf j_ame
hijhkz iha\heyxl e_dlhjm Zdp_glbjh\Zlv \gbfzZgb_
ijh[e_fguo J[ehdZo b \' ~Zevg_cr_f hlidhjj_dlbj
e _dpbhgguc dmjk IlhemqZ fu_ klm”_glZfb gZ azZgylt
h[h[szZxlky b gZ bo hkghhp\lg\dhbd'y[Kyeeu gZ fh *meb
b wdazf_gu 1Ih azZ\_jr_gbx azZgylby hp_gdb Z\lIhfZlb«

‘mjgZe ij_ih~rz\zZ|l_ey ;eZlh~Zjy we _dljhgghc j_]bklj
azgylbb \k_o kemrzl_e_c \ "mjgZe_ hlilf_qzZxlky b
kim~_glu

Hkgh\gu_ nmdgukgdbbuk5/6

ihAlhlh\dz ij_ih~rz\zl_e_f kljmdImjbjh\Zggh]h

dmjkz khklhys_ ]h [E&dkAZjll_dklh\uo ]jZnbq_kdbo
[ehdh\ <k_ [eflzgb khijh\h ~AZxlky iylvx |_klh\ufb az~
Dmjk e_dpbc \Zjvbjm_Iky \ aZ\bkbfhdklgbyl mkeh\bc h

j_1bkljzpby klm~_glh\ i_j_~ h[mq_gb_f b nhjfbjh
mgbdZevgufb b”_glbnbdzlhjzfb kilm”_glh\ 8,*
\h \j_fy ijh\_~_gby azgylby ij_ih”*"zZ\ZI_ev i_

kfZjlnhgu |_klh\u_ az~zZgby dhlhju_ “he gu J[ulv
hljZgbq_ggh_ \j_fy
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j_amevlZlu I_klbjh\Zgby h[jZ[Zlu\Zxlky gZ d
ij_ih~rz\zZl _ey b nhjfbjm_Iky bgl_J]jZevgZy hp_gd
fzl_jbzez ih dhlhjhc 1ijb _z g_m”h\e_I\hjbl_evghf
\unrZzl gZ kfZjlnhgu g_mk\h[edhguc kfZjl

ihke_dZ ~h]lh aZgylby kibjkd_fZ JikdhhgZevgmx hp_
j_amevlZlh\ | _klbjh\Zgby bgl ]ljZevgu_ hp_gdb n
dZz ~uc \b” dhgljhey gZ aZqzl beb gz wdazf_g

\k_ j_amevlZlu I_klbjh\Zgby k hI\_I1Zfb kim~_gl
kbkl_f_\V1_qg_gb_ mq_[gh]lh ]h*Z b fh]lmhbhXk\iBeveahi\Z]
Ney dhjj_dlbjh\db ieZgZ azZgylbc

lj_~eh _ggZzZy dhgp_ipby ihkljh_gby kbkl_fu
fhib\bjh\zZIlv kIm~_glh\ d Zdlb\ghfm mqgZklbx \ aZzZg
\hafh ghklb ijb[_]ZIv d ©ihfhsb “~jm]z2 beb k_Ib |
I_klbjh\Zgbb k ijbf_g_gb_fgidpkbh®agibiez]bzl®2 Hkgt
ijhle_fz \g_"j_gby £5lj6 [h\Zgby d mjh\gx ih”]hlh'
ij_ih~zZ\Zl e _c \ h[eZklb bgnhjfZpbhgguwl!ltitogdheh]bc
\j_f_gb

SHIHUHQFHYV
$VLPRY3URIHVVLRQ ,VDDF $VLPRY  &VWRX
+-XOALHZ <RUN 6WUHHW 6PLWK

SHFHLYH®SULO LQ UHYBSMHGOIRUP $FFHS
$SULO
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Hkh[eb\hkle dhfifx|_jgbo azZkh[*adZkhm\Zggy

He gZ IZ\e*¥MgXkydZA\Zg 1\Zgh\bg >hgqg_\
GZlZeslyeh™bfbje\gZ ;hg”Zj_gdh <elZeesc <edlhjh\bc
DZn_"jZ sggh\Zpecgbo | _ogheh]ec IZ f_Ih*bdb gZ\qZ
"bkpbieeg I*\* gghmdjZz€gkvdbc gZpehgZevgbc i
mge\_jkbl_P > Hirbgkvdh]h
\meIZjhihjlhnjZgde\kvdZ H~ _kZz MdjZ:
EULWDYVND#PHWD XD
:gZlheec <heh”~bfbjh\bqg HiZjeg
Fhj_oe~gec dhe_~"1_ogeqgh]lh nehlm
GZpehgZevgh]lh mge\_jkbl _Im ©H"_kvdZ fhjkvdz
\me FZjZaee}\kvdZ f Md\jZ€g Z

:ghlZpe¥ Ihx ~“hkee”” }lga¥ijh\Z~"" _ggy dhfifxl_jgh
| klm\Zggy DL agZgv mqge\ ijhneevgbo gZ\gqZev
fhgelhjbg]m je\gy aZk\h}ggy |I_hj_Ibggbo \e*hfhkl_c -
gZ\bgqW&Z"ZqZfb "hked "Zgdeya hkh[eb\hkdZeqgZevghfm
ijhp_ke yd h~rghlh ae¢ kihkh[e\ dhgljhex agZgv mqg-\
|_fZlbggh€ i_j_\ejdb ie"kmfdh\h]h dhgljhex \
kzfhie~]lhlh\db mqgge\ Z IZdh™ m jZaes “bklZgpecgh]h
kzfhl_kim\zggy}dlzfb ~hkee”} _dglyp_BL m Kkbkl_fe
dhgljhex agzZgv afykm\zggy i_j_\Z] \bdhjbklZggy
I_ogheh]ec m ijhp_ke |I_kim\Zggy Z 1Zdh" fh eb\b
\bgbdZxlv m pvhfmIjbMZ "tdmi “hkee""}g\dydhjbklZggy
dhfie_dkm ijh]jzf O\7THVW 7~ey kl\hj_ggya{bijh&gy_gg)
ZgZeeam j_amevizZle\ AZ\"ydb k\h€c ijhklhle p_c
\bdhjbklh\m\ZIb m gzZ\qZevgbo azZdezZ”~Zo jeagbo je\
dhfie_dk ijh]jzf ON\THVW g_ fZ} nmgdpec fZkdlg[m\Zgc
fZzdkbfZzevgh ijhklZz <« g_\b[Z]ebXXZeNMybb[qgjblkenjke\
ijhljzfz sh gz~zZ} fh eb\eklv ijh\_klb |_klm\zZggy
AN _deevdho dhfifxJ_agdroevIiZIb ~hkesZijgp¥z~"_ge \
gZ\gZevghfm ijhp_ke Fhj_oe~gh]lh dhe_~"m |_og
GZpehgZevgh]lh mge\_jkbl_Im ©OH”_kvdZythj&avAEZKAd Z
f HM _kZ

Dexgh\e kedW4ifxl_jg_|_klm\Zggy agZgv kbkl_fz
agZgv O\7THVW

2 3%ULWDY,VND'ROQFEKHWROQGDUHINRURKRY
$ 9 2SDULHDWXUHV RI FRPSXWHU WHVWLQJ NQR
$SEVWUMKAHWDLP RI WYXHWRWIXBWURGXFH FRPSXV
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NQRZOHGJH RI VWXGHQWYV Rl VSHFLDOL]JHG HGX
OHYHO RI DVVLPLODWLRQ RI WKHRUHWLKHO NC
REMHFWLYH\DBH WKRHDWQWDXOG)H W K H LI DWLXDUM 8 RR K
RQH RI WKH ZD\V Rl FRQWUROOLQJ NQRZOHGJH
WKHPDWLF WHVWLQJ ILQDWUIR@WQR® | VW B GHY
LQ WKH FDVH RI GLVWDQHFWWQ B D URBIHOSHRE/RHEY F WH/
UHVHDUFKWEKH SURFHVV RI &7 LQ WKH V\VWWHP
FODULILFDWLRQ RI WKH EHQHILWV RI XVLQJ LQ
SURFHVV DV ZHOO DV SRVVLEOH 7XKWHR\EOENP N FWVK R
VWXIGA WKH XVH RHVWKBURBRUUDP VXLWH IRU W
LPSOHPHQWDWLRQ RI &7 WKH FROOHFWLRQ D¢
VLPSOLFLW\ WKLV FRPSOH[ FDQ EH XVHG LQ H(
OHYHOV 2Q WKH RQH KDQG WKH 0\7HFNWOBQRJ
IHDWXUHV EXW RQ WKH RWKHU KDQG LW LV D
UHVRXUFH SURJUDP WKDW DOORZV \RX WR WHVW
7KH UHVHDWAKUHH\QVOWRG XFHG LQ WKH HGXFDWL
RI WKH 20$PBIQRE WK H VHFRQGDU\ VFKRROV RI 2G

H\ZRUGRPSXWHU WHVWLQJ Rl NQRZOHGJH N
0\7THVW

$IILOLDWBRQWPHQW RI LQQRYDWLYH WHFKQ
WHDFKLQJ QDWXUDO VFLHQFHV 6RXWK 8NUDLQ
IDPHG $IWHWK\QVN\6WDURSRUWRIUDQNLYV{IND ¢
8NUDYL QH

ODULWLPH &ROOHJH RRIIMHFKRQBDOSRANHWV L\
ODULWLPH $FDGHM®UD]OLLHYVND 6WU 2GHVD

(PDLO EULWDYVND#PHWD XD

< mfh\Zo kmqgqzZkgh]lh egnhjfZpecgh]h kmkisevkl\Z
\bgbdZ} Jeh[ZevgZ+tah{eviZggy deevdhkle |Z ie™\bs_gc
gZ\qZevgh€ egnhjfZpe€ <« \e~rih\e”rgbo dhfi_I|_gpec
deevdhkle gZ\qZevgh]h gZzkm aZzZ ydbc fAgpmyb azZk\h

H~rgbf ea reyoe\ sh azZ[_ai_gmxlv \bjer_ggy pvh]t
aZklhkm\zZggy dhfifxl_jgh]h |_klm\Zggy DL yd
i_~Z]lh]leqgbo eggh\Zpec > @ KlZeh hqg_\b~gbf nzd
gzZ~Zxlv fh eb\eklv hljbfZlb h[f}dIb\ge hpsofdQgvje\gy
gZ\bghd « my\e_gv \by\blb ijh]Zebgb \ ie~]hlh\pe ; .
jZpehgZevgbfb reyozZfb sh azZ[_ai_gmxlv _dhgh
*gl_gkbnedZpey gZ\qgZevgh]h ijhp_km afegZ aZ]Zevgl
e i_j_oeM \er ]jmih\bo nhjf aZgylvve "dh @ gjhte\x “argZev g b
Z\IhfZlbah\zZgbo

Kbkl _fz dhgljhex aZzk\h}gbo agZgv } g _\*f}fghx ¢
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hk\elb 1Z ijhn_kecgh€ ie”]hlh\db nZoe\pe\ <eg fZ}
hjlZgeqghfm a\fyadm a e<grbfb _e_ f _glZfb gzZ\qZe
aZfegxxqb ~b~Zdlbqlye gad¥khdgy 2Z ~hihfzZ]zZxgb \b
“hky]g_ggy * g_"heedb pvh]h ijhp_km Dhgljhev }
Neyevgeklx \bdez~ZqzZ 1Z kmiKialZ_gFAqZdglynje}glz
lhsh Dhgljhev « hpegdZ agZgv km[T}dlZ gZ\qZggy \
nmgdpex i_j aZjidth}ggy * ijZdlbggh]h aZklhkm\Zggy h
gZk gzZ\gqZevgh]h ijhp_km agZgv mfegv + gZ\bqghd
kilbfmex\Zggy fhjZevgh]l]h aZzhohqg_ggy aZ jZomghd n
egl_e_dlmzZevghfm afzZ]Zgg-

Ihl_gpecge i_j_\Z]b DL hg_\b~ge\lrg@®@ gHBkdxéwdl
fh eb\eklv

tnhjfm\zZlb k\ec |I_kl "ey dh gh€ hkh[b ydZ ijhoh”
reyohf \biZz*dh\h]h \e~A[hjm iblZgv a [Zgdm iblZgv a.
h” j"m} eg”b\e*mZevg_ aZ\"Zggy sh g_ a[*]Z}Ivky -
hkel

taf_grblb \bljZhxr_]Jg * gZkm gZ hjlJZgeaZpex =« ij
| _klm\Zggy hkh[eb\h p_ ZdImZevgh i« gqZk ijh\_~
"hkblv \_ebdbo fzZkrlZ[Zo dheb |_klm\Zggy \bfz]Zz}
deevdhkle ex®_c af[_j*]Zggy 1Z ~jmdm I|_kle\ hj]lzge-
kdzgm\ZgameviZIlie\ | _kim\Zggy lhsh

thpegblb je\ _gv k\h€o agZgvmighghhklZchihdeZ*Zgm
kbkl_fzZlbam\zZIlb <« kijhklblb ijhp_k hpegdb ydhkle
ijhoh~ylv I_kIim\Zggy

taleevgblb \bdezZz~ZqgZ \+” jmlbggh€ jh[hlb i® gZk i
s ijhfghfm dhgljhex agZgv

tZ\IhfZlbam\Zlb h[jh[dm j_amevlZle\ ishr_~ha\he
aZ[_ai_qblb h[f}dIb\geklv dhgljhjexl agdg¥qgghiir”\bsb
hi_jZlb\geklv h™_j Zggy hpeghd aZ j_amevliZIZfb |_klI

tagZggh i**\bsblb Jgmqgdeklvvdhgyjhtetx\bdBgo klZgg)
Jgmqgdh]h ]jZnedm ijh\_"* ggy |I_klm\Zggy gZ\elv «g”b

tieM\bsblb ydeklv ZgZeeam ijhoh”" _ggy gZ\gZev
\azZ]Zees gzZ"Zlb \k_[*qgbc ZgZeea j_amevliZle\ |_kl
gZ\*lv ojhgheh]eqges "Zge* sh™h | _kim\Zggy

tp_gljZeecah\Zgh a”eckgx\Zlb ZgZeea ydhkle e~
deevdhkle iblzgv sh |I_klmxlvky aZzZ rbjhdbf dh~hf
\bagZqgblb jha”eeb sh } gZckdez”~gerbfb m \b\g_gg-
gZ\gZggy aZe_"gh \e~ j _ameviZle\ | _kim\Zggy

t\bdhjbklhim\Z I_klZo fmevlbf_"ecge |I_ogheh]-€
g_jlm ~halhey} klI\hjx\ZIb Ibib |_klh\bo az\*Zgv
g_fh eb\e ie» qZk ijhoh”” _ggy | _kle\ m ibkvfh\ec nhj
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\bdhjbklZggy | _ogheh]ec i_j Oy Q&RGgYe® BU jZpec a
lizZngdfb ah[jZz  _ggyfb

tieM\bsblb je\_gv egnhjfZpecgh€ [_ai_db |_klh\bo &

Keer azZm\Z blb sh pe i_j_\Z]b klhkmxIlvky \
©ljz*"bpecgh]lh® gzZ\gZevghlh ijhp_km hkdeevdb i
"bklZgpecgbo | _ogheh]ec DL \aZ]Ze+ klZgdlpkeph\gbf a.

JZahf ea Ibf azklhkm\zZggy dhfifxl_jgh]lh |_kIm\
[fjm~ghse 1Z g_"heedb Jheh\gbf a ydbo } I_ sh kd
az\"zZgv ihlj_[m} \er €0 jhajh[gbdZ i _\gh€ d\Zee<n:
| _klh\bo az\~Zgv fZ} [Zam\Zlbky gZylmigZ2Edbp-dgbgl
\bfejel yde \bfZ]ZxIv \e” jhajh[gbde\ g_ leevdb \bkhc
i_"Z]lh]epe 1Z ij_"f_lgec h[eZkle Ze_« agzZgv Ki
|_klm\Zggy ydZ hi_jm} gzZklimigbfb ihgyllyfb gzZ~ec
fZljbpy ihdjbll4 « d$h Kinegge kzZf_ ~ey dhfifxl_jgbo |_k

O\7HVMWp _ ijhklbc m dhjbkim\Zgge Ze_ "hklZlgy
dhfie_dk ijh]jzf ey kl\hj_ggy e« ijh\_"_ggZgbésaalbj
j_amevlZle\ sh feklblv j_~Zdlhj |_kle\ O\7HV W (
| _klm\Zggy O\7THVWEMWXE&HQGWevIZle\ 0\7THVWG6HUY

Hkgh\ge fh eb\hkle O\7THVW

tieMjbfdZz jeagbo rdZe hpegx\Zggy jhajh[gbd
aZklhkm\zZIlb ~h\eevgm kbkl_fimebapsgx\Epgy ijh]jZfZ
feklblv deevdZ \"_ ]Jhlh\bo kbkl_f "efyZev§hbkflZz
hpegx\Zggy Z IZdh  \ZjeZgtg©ady4hbhXgph?

tie”jbfdZ hkgh\lgbo nhjf I _klh\bo azZz\~"Zgv =<+a ijhk
fgh bggbf \b[hjhf gZ \e”"ghle_ggy ijZ\bevgh€ ihke
\klZgh\e_ggy \e~ih\e~rghkle \e~rdjblh€ nhjfb Ihsh
fh eb\eklv \bdhjbklh\m\ZIb s_ deevdZ jeagh\b”e\ |_KlI
\b[e] fekpy gZ ah[jZ _gge 9gZ i_j_klZgh\dm el _j gZ
Z[h ob[ghkle I\_j~" _gv

tlerljbfdZ deevdho j_"bfe\ jh[hlb gZ\gZevgh]h
ih\e~hfe _ggy ijh ihfbedblb ftkim[m ihykg_ggy ~h az\~
rljZngh]h aZ g_ijZ\bevge \eMih\enre N\enrgefzZxlvky |
ijhimklblb az\~"Zggy [Zeb g_ ~“h~Zxlvky ¢ g_ \e/rgefZ
fh gz \e~ih\e~rZIlb gZ iblZgdyc\ifikes h\ghkle i_j_oh
ih\_jlZlbky ~tydmlhviblzZzggy kZfhklecgh

t\bdhjbklZggy \ |I_klZo fmevibf_necgbo h[f}dle\
liZneggbo ah[jz _gv

tekgm} fh[eevgZ \_jkey fh mey sh ~halhey} \bdh
nhjfm\zZggy |_kimdpm dhfifxl_j [_a g_h[os~rghkle ihi_
egklZeyjhrl§Zfb

<bdhjbklZzggy hibkzZghlh ijh]jzfgh]h ijh*mdim \
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ijhp_ke “ha\hey} ajh[blb \bkgh\hd sh hkgh\gbc j_ame
dhfifxl_jgbo nhjf |_kltn\w”ggygZqg_ ihkbe_ggy fhlb
gZ\qZggy

Y\gh \bjzZz _gbc ijhp_k ajhklzggy fipbb\Bdhg Zgge -\
gbfb |I_klh\bo az\*"Zgv gZ dhfifxl_je kihgmdZ\ gZk
hkgh\gbo gbggbde\ sh kijbyxlv pvhfm

lekey ihgzldm j_]Jmeyjgh]h \bdhjbklZggy |_klh\bo
\eragZq_gh ihablb\g_ \e*ghr_ggy ~h ijhp_~mjb DL
i_ \gboe-agfZo ajhkezZ ZdIlb\geklv mqges\ gZ aZgylle afy
1Z [Z2°Zggy mkisrgh kdeZzZklb I_klb ihkbeb\ky <gl_j_
ier]lhlh\db

Hkgh\ge nzZdlhjb sh \ieb\Zxlv gZ i**"\bs_ggy fhlb'
gZ\gZggy ijb \bdhjbklZgge dhfifixl_jgbo |_kle\ > @

L_klm\zZggy azZ “hihfh]lhx dhfifxl_jgh€ ijh]jzZfb
iZi_jh\hfm ghke€ i_\gbf gbghf gZ]Zz”"m} dhfifxl_jge-
ihimeyjge k_j_ ™ Phehs"felbeb fZc _ \ke mqge yde ijbcf
m |_kim\zZgge Kijz\Zz \ |Ihfm sh j_Zdpey e&”~bgb
g_azZ”h\eevgm hpegdm ijb |I_kIm\Zgge ZgZeh]eqgZ
ijhljZzeZ m ydmkv ]jm afy\ley}lvky ZaZzjl 1Z [Z Zgg
j_amevlZlb

HljbfZzggy fbll}\h]lh j_amevliZIm m ijbkmlghk
ljh\_~ g_ hiblm\Zggy ijh"_fhgkljm\Zeh sh\ [eev
\bkeh\exxlv _e f glb g _“~h\ejb dheb j_amevliZlb dh
hl]hehrmxlvky q_j_a ydbckv gZk iskey €0 ijh\_~_ggy
azgylle g_ ijh\h”*blvky ZgZee+a dhgljhex aZ g_"hklZl
gZkm ljbghfm gbf [eevr_ iZmaz fe Iljjdx*lggyf
hlhehr_ggyf hpeghd Ibf [sevrZ \ejh]ergeklv g_]ZIlb\g
<e~Ndjblbc ijhp_k 1_kIm\Zggy ©\e~rfelZz}2 \kyde kmfg
*]jh\h]h fhf_glm ijba\h”~blv ~h [Ih]h sh \bjh[ey}I\
kZzfhhpegdZ ydzZ kijyfh\ZgzZz gz k_[_ &akbibgby @b g
\bdez”ZqZz >Z9gZ kZfhhpegdZ "m°_ kbevgh \ieb\:
Zdlb\geklv mqgy

<bdexqgq_ggy mi_j_"~"_gh]lh klzZ\e_ggy \ hpegp-
L_klm\Zggy azZ “~hihfh]l]hx egnhjfZpecgbo |_ogheh
\bdexqz} km[f}dlb\g_ hpegx\Zggy high[edbdB} yddh
iblzggy |_klm h[bjzxlvky ijh]jZfhx \biz~dh\h Kihkl_
ikboheh]eggh]lh dhfnhjlm Lhfm j_amevlZl |_klm\Zg
[*evrec feje g_ yd \bjZ  _ggy klZ\e_ggy \bdezZ”ZqZ
djZzs_ \gblbky

ljhklhlzZz \bdhjbklZggy*d*klv \bdhgZggy>FEZgle\
nZdlhj kl\hjx} eexaex ijhklhlb ¢ ~hklimighkle fZI|_je
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e_Jdhkle kzZfhlh ijhp_km gzZ\gqZggy P_ ihIm gbc jn
Mq_gv ydbc gdai_\g_gbc \ IThfm sh ijb i_\ghfm amkbe
fh gz \b\gblb gz ©A+Afeggh ]Jheh\m \bs_ |Ih]lh olh \\zZ~
azZ\"Zggy g_a”*ckg_gg_ ¢ aZ gvh]lh a pe<}€ ijbgbgb
iblzggy ijh g_\~Ze+ kijh[b kdeZklb |I_klb ijZzdlbggh g_
geydh€ egrh€ ijbgbgb djef yd hkh[bkIh€ g_i*~]hlh\e_
G_fbgmgeKlgljdexljb ijh\_~ _gge a\bqZcgh]lh aZz

dhgljhev yd ijZz\beh } \b[ejdh\bf ih\_jog_\bf ~ha)
mqgyf "mfzZlb ©Fh eb\h ijhg_k_"2 1jb ijh\_~ gge I
dhgljhev dh'gh]l]h mggy a mkeo iblZgv i_\gh€ ~bkpbi
magge\ gZejvdm i*~]Jhlh\dm ~h aZgylly

Lzdbf gbghf dhfie_dk ijh]jzf O\7THVW gzZ~Z} "n
aZkh[b klI\hj_ggy I_kle\ ijh\_~_ggy |_klim\zZggy « Z~fe
gZ\qZevgbc azdez”™ } \e~rghkgh g_\_ebdbf « ~"ey
g_h[os~geklv \bdhjbklZggy lihflm gh€akbkhd ORRGOF
alzZz~"Zgbc ijh]ljzZfgbc ijh*mdl “m _ ajmqgbc ”"ey a
gzZ\qZevghfm ijhp_ke 1 ~eckgh fh eb\hkle dhfie_
g_h[o<"g_

+rhklZlgvh ihim ge aZkh[b kI\hj _ggy mkeo hkgh\gt
azZ\"Zgv iexkme*Zldhagh\b”b

tijhp_k ih[m~h\b |_klh\bo az\~Zgv } "hklZlg\
ajhamfeebf « n_dlb\gbf

t]lgmqdeklv hpegx\Zggy * \bagZq_ggy je\ge\ kdeZ"¢

+~2h[j_ ijh*mfZgbc fh*mev ijh\_~_ggy |I_klim\Zggy -
fhgelhjbglm |I_kIim\Zggy

tfh eb\eklv |_gbm\zh f_j_ "« ea p_gljZecah\Zgbf jhe
[_kle\ ijb pvhfm g_ ihlje[gbc \b”ee_gbc k_j\_j \ yd
[mIb \bdhjbklZghdbrod/hfiqfxl_j f_j_"e

t\Z eb\bf } I_ sh \ke fh mee dhfie_dkm e<kgmxl\
\_jkeyo sh agZqgh kijhsm} ]Jhjhpbkihjbkhzggy
ZNfegekljm\Zggy

Kibkhd \bdhjbklZgbo ~"_j_e

Kedhjkvdblc Fh™_ex\Zggy "b”~Zdlbggbo kbkl_f hp
| 1Kedhjkvdbc Reyd hk\idb =K

Dz~ _fkryX Dhfifxl_jgZz h[jh[dZ [|_kle\ m ijhn_
NeZlghklbpef_Ih~*bggbc ihke[ghXl DZ "Efey | BHys
. F Kl _p¢<eggbpy GFP ILH k

G_gbimj_gdh | | KI\hj_ggy |_klm "ey hpegx
i*r"lhlh\db kim~_gle\ a deevdekgh]h oefeqgh]h ZgZe-«c
ijh]jZzO\7HVW | G_qgbgdh L_hjey IZ f_Ilh”~"bdZ _e_d
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9Z\qZggPjb\bc Je] <b~rZ\gbgbc MWwANeet DHf19 +
K

HiZjeg < ljhle_fb dhfifxl_jghlh I_kIm\Zggy a
kmqgzZkgec hk\ele : <HiZj§g\kv iz Dmp_HB &h
GZmdh\kkghbd IGIMD#® Mrbgkvdhih + < *

K

5HIHUHQFHV WUDQVODWHG DQG WUDQ\
BLNRWV,N\DRGHOLXYDQQLD G\GDNW\FKQ\NK
>SORGHOLQJ RI GLGDFWLFDEVMRVPNQW V6 KB/LIHPN/k
+¢ 16 ,Q 8NUDLQLDQ
.DGHPQLI<KX .RPSLXWHUQD REUREND WHVWLY
PHWRG\FKQ\L>&RRSEQ®HWU SURFHVVLQJ RI WH
GLDJQRVWLFV D PHWKR&XHADGH PRD G XDV F K
$0 6WHWNMVQQ\WVLD 107W%3%2,@NUDLQLDQ
1IHFK\SXUHQNR 3 3 &UHDWLQJ WHVW WR H)
VWXGHQWY LQ TXDQWLWDWLYH FKHPLFDO DQDO\
3 3 1HFK\SXUHQNR 7KHPOHDD@ELOAHW KRGV |
9\GDYQ\FK\L YI*GGLEORIQ +9 JONUDLQLDQ
2SDWL® 3UREOHP\ NRPSLXWHUQRKR WHVWX
RVYLWL >3UREOHPV Rl FRPSXWHU WHVWLQJ RI
2SDBLY YOMWND . XWVHQNR I1IDXNRY\L YLVQ\N
LP. ' 8VK\QVNRKR*1R +6 ,BNUDLQLDQ

SHFHLYHG $SULO LQ UHYLVHG IRUP
0D\
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Jhajh[dZ _e_dljhggbo hk\sIg#Blj fRibjks\ a
m k_j_~h\bse &R&DOF
ney Z\IhfZlbah\Zgh€ is~]hlh\db dhgljhevgbo az\"

Xeey :gZlhee€\gZ F_evgbg_gdh
DZn_"jZ «gnhjfZlbdb 1Z ijbdez”~gh€ fZIl_fZIbdl
Djb\hjeavdbc ~_j Z\gbc i_~Z]h]egqgbc mge\_jkb
ij =Z]1Zj*gZ Djb\bc Je] Mdjz€gZ
\XOLPHOQLFKHQNR #JPDLO FRP

:ghlZpeyF_lhx “~hkee<~"_pg¥bk\lele_ggy hkh[eb\hkl|
ijh_dim\Zggy _e_dljhggbo hk\elgeo j_kmjke\ a fZI_
hje}glh\Zghfm k_j_"~h\bse fZl _fZlbqgh]lh ijbagZq_
AZ"ZqZfb "hkeJ"Zggeyea *kgmxgboo _akullitngglh_kmijke
+fZl_fZlbqggbo ]_g_jZlhje\ sh fh 'mlv [mlb \bdhjbklZg
a“eckg_ggy dhgljhevgbo aZoh”"e\ j ZeeaZpey ajZadse)
j_kmjke\ a fZl_fZllbadb jZlhje\ [Z]ZIh\ZjeZglgbo gZ\o
az\~rzgv fzl_fzZlbggh]h &Zsklnmhjehglb\Zghfm k_j_~h\l
fzl _fZlbqgh]h ijbagZq_ggyH[&R&DIOF*hke*~" }ggy
dhfifxl_jgh hje}glh\Zg_ gzZ\gqzZggy fzIl_fzZlbdb m ki
aZlZevghhk\elgeo gZ\qZevgbo aZdez”e\ 1Z gZ i_jrbo
hk\elblj_~f_Ihf ~hkee”" Jggyeljdgge hk\elge j_kmjkb
fZl_fZlbdb ~ey Z\lhfZlbah\Zgh€ ie«*"]hlh\dIM agBkinl[«\ dF
gZ"Zgh ijZdlbqge j_dhf_g"Zpe€ sh”h jhal\bldm
dhfi_I_glghkl_c¢c kmgzZkgbo \gbl_ee<\ \bdez”rZqe*\ fZI.
kvhlh~ge yd ijZ\beh gZ[m\k&xIki_‘peXehddklv ©Omagb
egnhjfZlibdb® a f_lhx j_ZeeaZpe€ fh eb\hkle \eZkgh
_e _dljhgge hk\elge j_kmjkb fzl_fZlbqgh]h afeklm ~e:
ie*lhlh\db dhgljihgvghhqgbo aZkh[e\ m k_j_~h\bse mg-
kbkl_f dhfifxl_jgh€ #@bl_fzlb

Dexgh\s kehWR&DOF ]_g_jZlhj kbkl_fb [Z]ZIh!
gZ\qZevgbo az\~"Zgv _e_dljhgge hk\elge j_kmjkb
k_j_"~h\bs_

<X$ OHOQLFKHQNR 'HYHORSPHQW RI HOHFWUF
LQ PDWKHPDWLFV LQ WKH &RWEROGP WG LW BRDQIPGIL

$EVWUDKHEWRI WKH VWXG\ LV WR KLIKOLJKW WK
HOHFWURQLF HGXFDWLRQDO UHVRXURMYHIRUHEC
HQYLURQPHQW RI PDWKH P DEWFBRIIL WS R WEK G\R B
DQDAXKHHHWLYVWLQJ HOHF W U R Q4P WEXPDWILLFEQ@ DO J
WKDW FDQ EH XVHG WR VXSSRUW WKH LPSOHPHC
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Rl VDPSOHV RI HOHFWURQLF HG XF BW\HLGHUDIOW RHW
PXOWLYDULDWH HGXFDWLRQDO WDVN\R RILHDMHKC
HQYLURQPHQW RI PDWKHPDWLEBMH BWU R R\ \&HR
FRPSXRWHHUQWHG PDWKHPDWLFV WUDLQLQJ LQ VI
LOQVWLWX\WLWRN DLQUU®W FRXUVHV RI KLJWMEMHFXF
RI UHVHDUWKH HOHFWURQLF HGXFDWLRQDO UH\
DXWRPDWHG SUHSDUDWLRQ RI FRQWURO WRRC
UHFRPPHQGDWLRQV IRU WK® I FEHYHOIRSP F@WS RV
PRGHUQ WHDFKHUV WHDFKHUV RI PDWKHPDWLF
DGGLWLRQDO VSHFLDOW)\ 3LQIRUPDWLFV WHDFKF
FUHDWH HOHFWURQLF HGXFDWLRQDO UHWRXUFH
IRU WKH DXWRPDWHG SUHSDUDWLRQ RI FRQW
HQYLURQPHQW RI XQLYHUVDO V\VWHPV FRPSXWHF

H\ZRUGAR&DOF V\VWHP JHQHUDWRU IRU PXO'
HOHFWURQLF HGXFDWRBRBD@WHE/ RRYEHR QPOIRX\G

$IILOLDWSRQWPHQW RI &RPSXWHU 6FLHQFH D¢
LU\Y\L 5LK 6WDWH 3HGDJRJLFDO$8H LYKNBWK W\

SNUDLQH
(PDLEOLD PHOQLFKHQNR #JPDLO FRP

<Z eb\bf Zki_dlhf \b\g_ggy fzZI_fZlbdb } gZ[mlly
dhfi | _glghkl_c¢c m jha\fyaZgge ijZzdlbggbo az~Zq J-
IZzdbo dhfi_I_glghkl_c \bagZqzZ}lvky reyohf a”“eckg_c
is"kmfdh\bo dhgljhevgbo aZoh”e\ jeagh€ i_jeh”bqgghkl
kbkl_fzZlbgghkle [Z z~_d\ZlIghkle | amgeviZddboijdioh”:
ahdj_fZ m ijhneevgbo fZl_fZlbggbo dezZkZo 1Z gz
azZzdeZ”+*\ \bsh€ hk\elb \bgbdZ} g_h[oe*geklv gZ
\bdezZ”~Zgm fzl_fZIlbdb Z\IhfZlbam\Zlb ijhp_k
[Z]1ZIh\ZjeZglgbo dhgljhevgbo az\~Zgv a fZI_fZlbdb

1H Ihkh\ > @ [Z]ZIh\ZjsZglgbfb gZab\zZ} az~zZq-
\ZjeZglZfb mfh\ ~ey af_gr_ggy fh eb\hkle kibkm\z
hklZgg} agbh™ m} n_dlb\geklv dhgljhex gZ”~ j_amevlZ
kihl\hjx} ~eckge ~Zge ijh 0«” gZ\qZevgh]h ijhp_km

GZ kvh]lh~ge 1_g_jZlhjb kbkl_f [Z]ZIh\ZjeZglgbo
\eevghfm ~"bkimi@ Hkgh\gbfb g ~“heesdZfb ckgmxffbo ] ¢
ODWRKHQ KWWS JHQHUDWRU]DGDFK QDURIG UX
keer \WZ"ZIb €0 jhkeckvdhfh\gm ehdZeesaZppxgZi_j_\:
mqgge\ ihqgzZldh\h€ 1Z hkgh\gh€ rdee 1Z mfh\gm \e~djble
I1Z \ZjeZIb\geklv Jgmgdeklv

[e~r]hlh\dZ [Z]Zlh\ZjeZglgbo aZ\"Zgv \eZkghjmq fh"
hrgbf ea ~\ho kihkjlZ[®dbpecgbf ©jmqggbf2 [Z <ggh\Z
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Z\IhfzZlbah\zgbfzfh\Zzgbf Ihsh@ >

I _~Z]1h] lJhimxgb kbkl_fm [Z]Zlh\ZjeZglgbo aZz’
kzfhklecgh ijb"mfm} fh eb\e \ZjeZglb mfh\ « jha\fy
hljbfzggy \e”ih\enre QZzZkldh\h p_c ijhp_k fh'gz Z
ajh[b\rb _e_f_glb mfh\b ¢ j_améblZtm iZL{28f fgb\
ghf_jm \ZjezZglZ deevdhkle eel_j \ of _ge Z[h ijea\bse \

:evl_jgZlb\gbc \ZjeZgl ~"hklmigbc ebr_ Ibf \bdeZ*
knhjfh\Zge dhfi_I_glghkle m ijhpjZzfo\ib&gggy ijh]jZfb
]_g_jZlhjz \bdhjbklZggy bygidt€ KA\H&Z1\ke \ZjeZglb mf
azZ"Zqge jZahf ea \eXi@e"yfb

<eZkghjmqg_ gZibkZggy 1_9_jZlhjzZz [Z]Zlh\Zje
fzl_fZIlbggh]lh afekim \gbl_e_f fZl_fZlbdb } hilbfZevg
azZ"Zg_x m k_j_~h\bse mge\_jkZevgbo kbkl_f dhfifxl
ZN_ [_a ihim gbo fzZl_fZlbqgbo [¢[e*hl_d 1Z kbf\lhevg
NZgZ aZ™"ZqZ fh™_ aZebrblbkv g _jha\fyaZghx

H~rge}x e*a gZcihlm ' gerbo mge\_jkZevgbo kbkl _f
fzl_fZlbdb gZ kvh]l]h~rge } 6DJHODWK ofZjh hje}glh\:
kdez”h\hx k_j_ "hREIYOF e+ jhafes_gbc gZ k_j\_jZo
ihkbezggyf KWWS FRFDOF FRP

ljh_dIm\Zggy 1Z ijh]jzfgZ j_ZeesaZpe+y _e_dljhggbo
m k_j_"h\bse &R&DOF \gbl_eyfb fzl_fZIlbdb m ydbo
dhfi | _glghkle m ijh]jZzfm\Zggéhpeg¥gheexrijbcgylghx
Z~" _ ~hklzlgvh hizgm\zZlb hkgh\b

+dhfifxl_jgh€ fZl_fZlbdb m 6DJHODWK

ijh]ljZfm\Zggy [Zah\bo Ze]lhjblfeggbo kljmdImj fh\

tijh_dIm\Zggy ]jZneqgbo *8R&D @K\ m

++70/ |Z ID7H;

| _j_eed ij_~f_Igbo dhfi_I_dlhofh%x]lcjg@h hje}glh\Zgh]
jha\ffyazZzggy hkgh\gbo fZIl_fZlbggbo aZz*"Zq m &R&DO

tkli\Vhj_ggy \e~Adjblly 1Z j_~Z]lm\Zggy KthedPh\bo &F

thkgh\ge ijbchfb hj]ZgeaZp+€ h[gbke_gv6ddih[hqgb

tjhal\fyaZzggy hkgh\gbo az”rzZqfZlefZllgdhjghsth
i_j_"[ZqZ} \bdhjbklZggy hkgh\gbo nmgdpesc “ey jh[hl
I1Z ljzgkp_g”~_glgbfb \bjZzazfb IDFWRU H[SDQG
lhsh nmgdpec “ey a“sckg_ggy ljZneggbo ih[m~h\ S
nmgdpec ey jha\fYgnyaddwg & €0 kbkl f VROYH ILQGBU

tjha\fyazZzggy hkgh\gbo az~Zq \bsh€ fzZl_fZlbdb
Ze]l_[jb a \bdhjbklZggyf nmgdpec 6DJHODWK YHFW
WUDQVSRVH fzl_fZlbgghlh ZgZeeam OLPLW (
fZzl_fZlbdb SHUPXWDWLRQV DUUDQJHPHQWYV
kiZlIbklbdb YDULDQFH PRGD PHGLDQ OLQHBUHJ
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|_j_eed [Zah\bo ij_~f_lgbo dhfi_I_glghkl_c a ij
fhtlhx 3\WKRQ ~"hklZlgeo "ey j_ZeecaZpe+€ ]_gZjZlhje)\
mfeggy a ih[m~h\b 1Z j ZeesaZp+€ ecgecgbo jha]Zer
Zelhjblfe\

>ey "N _fhgkljzpe€ ~hklZlgvh]lh 7~ey j_ZeesaZpe+€ hl
fZl_fZIbdb& R&DIky]lm ij_~f_Igbo dhfi_I_glghkl_c sh
+70/«/D7H;1Z \bs_aZagZgq_gbo gZbe¢ _dh*\bog”jzZlhjz
fZI_fZlbggbo azZz\*"Zgv gZ jhadezZ”~Zggy fghlhge_gZ Ij
fgh ' gbdb [_a j_Zeesah\Zgh€ fh eb\hkle "ey dhjbkIim\z
izjzf_ljb

\Y
IRUL LQ UDQJH
\Y L! K !<ZjeZgl <« G K! L! L?
JhadeZklgZ fgh gbdb fgh]lhqge_g
D UDQGLQW
LI UDQGLQW
D D
>[ [ [ @ >UDQGLQW IRU B LQ UDQJH @
HT H[SDQG D[ [ [ [ [ I
Vv I [ V ODWH[ HT
KWPO V

J_amevlZl jh[hlb ]| knmgdmjEk j Thih\bc ~h ~jmdm
ihrZevrh]lh \bdhjbklZggy \gbl_e_f azZ hkgh\gbf ijbagz

>ey j_ZecazZpe€ fh eb\hkl_c dhjbkim\zZqzZ j_kmjkm
iZjzf_ljb 1_g_jm\Zggy [Z]1ZlIh\ZjeZglgbo azZ\"Zgv “hp-
liZneqgbc gl _jn_ck \bdhjbkihémxqgbkl¥Y@*Zjlge e f
mijZ\eeggy Ibim ©Il_dklh\_ ihe_2 ©ih\amghd? ©ij:
\b[hjm2 Ihsh |_hjey 1Z ijZdIbdZ jh[hlb a ydbfb “hdeZ
m > @

GZ ijh~h\ " _ggy fZlI>j«@elybfmxqgbWws_azZagZq_gbo
ijZzdlbgqgbo j_dhf_g~Zphc aslmizggy 1Z ijh]jZzfgh€ |j_Ze
_e_dljhggbo hk\elgeo j_kmjke\ a fZI_fZlbdb m k_j_*"F
jhajhle_gh 1_g_jZlhj a I_fb ©G_\bagZq_gbd_<dlIf ]jZe
Ahklmim ~h klhjegdb J+ §WWM&EMn FRFDOF FRP SURI

I I HD | G ILOHV *HQHUDWH VDJHZV"VHV!

lgl_jn_ck ]_g_jzZlhjz kijh_dlh\Zgh aZz ijbgpbizfl
ajhamfeehkle Ze_ ~ey ihgZldm jh[hlb «a gbf *"h\_"_1lv
kK_j_"h\RSR&D@Reclb "h gvh]lh IZ “h~ZIb klhjeg'thm ea ]
\eZkgh]h ijh_dIm
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Jbk KlhjegdZ «a j_amevlZIZfb jh[hlb ]_g_jZlhjzZ [Z]Z
aZ"Zq 9gZ jhadezZ~Zggy fghlhge_gZ gZ fgh gt
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Jbk KlhjegdZ ]_g_jZlhjzZ [Z]ZIh\AjdZBdgbo az\~"
©G \bagZq_gbc gl _]jZe?

>Zgbc j_kmjk fh _ [mlb Bbdhe¢elyklZg jmiZggy ~h

\ZjeZgle\ azZz\~Zgv "h egl _ljZees\ m \ZjeZgle a |_
nmgdpe+€ \e* h~ge}€ afeggh€2 "ey a”eckg_ggy ihlh
dhgljhex 1j_gm\Zggy mfegv agZoh”~blb g_\bagZqg_g-

AhfZrgvh€ kZfhklecgREIZH[MILjb i~]hlh\pe ~h >1: qb A
fZI_fZlbdb & deZkZo

Kibkhd \bdhjbklZgbo " _j_e

= g_jZlhj azvwZqdlyhggukmjk@glhg Nbgh] xgh\
J_"bf "hkImKWWS JHQHUDWRU]DGDFK QDURG UX

= g_jZlhj az”~"Zgbc "ey rdie_dlghgdgokmjk @
HDUODPRW@Y_"bf "hkImMKWWS ZZZ DEDNERW UX |
JHQHUD®BQQ®IDMQ

Dhjhevkvdbc < < Fhr _ex\Zggy 1Z ] _g_jm\z
[Z]1ZIh\ZjeZglgbo aZ”"Zq gZ h[gbke_ggy d\Z~jZImjb iZ
<edlhjh\bg DhjhewkwddZgZ <edlhje\gZ RhdZexd
dhfifxl_jge |_ogheD]jb&bc J-] <b”"Z\gbqgbc p_glj
©Djb\hjeavdbc gZpehgZevgbc mgt\nfikBkEK?2

lhi_ev F < Hj]JZgeaZpey gZ\qZggy fzZIl_fZlbqgghb
6DIJHODWK&ORXGevF 4« _hhty I1Z f_Ih~*bdZ gZ\qZggy f
neabdb egnhjfZmDdjib\bc  Je] <b”"Z\gbqgbc \enrnree
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©Djb\hjeavdbc gZpehgZevgbc mgdhijkhltkbimkd
ki_p\bimkd ©GzZ\qZevgbc ihk¢[gbhd m "mjgZe-?

Ilhkhy B : IElI ~ey kha”Zgby b h[f_gZ ]_g_jb
azZz”~"zZqzZfb ih fzl_fzZlbd_ Ihkh\ B : H[jZah\Zl _evc
h[{s_kI\h L t¢ %K

K_f jedh\ K H = _g jm\zZggy fzZIl _fZlbggbo az\

'HEKDFE6$*( K_f_jedh\ K H dRKdZex Feglec 1 K

<hehrZg_gdh H K Dmeegeq ; F FZlijpdldm ghelhe€

dhgn_j_ gp>»&6/YLY d\elgy ] Evie\kvdt
gZpehgZevghbc mge\_jkbl_I of _g- 1\zgZz NjzZzgdz
i_"Zlh]leqgbc mge\_jkbl_| +f_gehfEghlZ >jglklkvdbc

N jZ\gbc | _ogegqgbc mge\_jkibOQADHbBWDR@QNHUKSH
Mdjz€gkvdz zZdz”~_fey AjmdZjkI\Z Ev\e\kvdD Ximiz dl
SEvie\@ =K @

K_f_jedh\ K H AZklhkm\zZggy kbkl_fb dhfifxl
ODLPD ey ] _g _jm\Zggy fzZIl _fZlbggbo I_dkle\ \ kbkl _
gZ\gZggy K H K_f_jedh\ 1 H L_iebpvdbc :d
ikboheh]e€ Ikboheh]eqgZ | _hjey ¢ It®gheRtey g§z

L \biztK

= _g_jzIh4l_fzZlbg_kdbo azZz"™dH QDWKZcl E_hghb’
G_dbgWe>dljhggukmjk@H[jZah\Zl_evguc ijh_dl E_hg
G_dbgz +J_"bf "hkImKWWSV QHNLQ LQIR PD

5HIHUHQFHV WUDQVODWHG DQG WUDQ\
*HQHUDWRU ]DGDBIRIMOWRDEN >IOBIFWURQLF U
JLQRIJHPIRFHVYV PRGH KWWS QDURG WXW R UQDIXD/R
*HQHUDWRU |DGDQLL7GUNDINQNRDOWRQ @B UQV:
>(OHFWURQLF UHVRXUFH@ + $PBPHODPRRGHL
KWWS DEIYNERW UX ROQHQD HHFYRODMQ ,Q 5XVV
.RUROVNLL 9 9 ORGHOLQJ DQG JHQHUDW
FDOFXODWLRQ TXDGUDWXUH SDUDERODV 9 9
FRPSXWHU WHBEKQRGRK\ 9\GDWOUFR L= VWVB\Q RUL]
QDWVLRQDOQ\L XQOBROUBWBNVHW2 @NUDLQLDQ
3RSHO 0 9 2UJDQL]DWLRQ RI WHDFKLQJ P
6DJHODWK&ORXG 0 9 3RSHO 7KHRU\ DQG PHYV
SK\WLFV LQtRUNIDWEEK 9\GDYQ\FK\L YLGGLO '91
QDWVLRQDOQ\L XQ+9YROV\WHW? 6SHFLDO L\
7H[WERRN LQ WKHVMBRUQDQLDQ
3RVRY , % DHW GOLD VR]GDQLLD L REPHQD Jt}
SR HHPBWLNH 3RVRY , $ 2EUD]JRYDWHH Q\H \
+7 +t1R 6 % ,Q 5XVVLDQ
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BHPHULNRY 6 2 +HQHUXYDQQLD PDWHPDW
'HE6.0 6$*( >*HQHUDWLRQ RI PDWKHBRDWSF[@ED WD
BHPHULNRY 6 2 B6KRNDOLXN 6 9 OLQWLL |,
XOL@AFK ODWHULDO\ SEDIVRW\ROARRWRQIHUH
IYLY NYLWQLD U /IYLYVN\L QDWVLRQI
,YDQD )UDQND 1IDWVLRQDOROQL Y HIHGWKRK L F
0 3'UDKRPDQRYD %UHVWVN\L GHU]JKDYQ\L WHN
JLQX[ 9DFDWLRQ (DVWHUQ (XURSH 8NUDLQVNLE
KUXSD NRU\WWXDFKY® /26 X[@ ,Q 8NUDLQLDQ

BHPHULNRBDWWRVXYDQQLD VIVWHP\ NRPSLXW
GOLD KHQHUXYDQQLD PDWHPDW\FKQ\NK WHNV
QDYFKDQQLD >7KH DSSOLFDWLRQ RI FRPSXWHU
PDWKHPDWLFDO WH[WV LQ GLVWDQFH STHIVWQLQ .
$NWXDOQL SUREOHP\ SVINKRORKLL 3VANKROF
QDYFKEZQQLOMLOHQLXPT7 Y\S6 ,Q 8NUDLQLD

*HQHUDWRU PDWHPDW L RKHIQ N LNXL VD GHDRF & LACC
>ODWKHPDWLFD® UDURERHBMWKGHRQLG 1HNLQYV
>(OHFWURQLF UHVRXUFH@ 2EUD]JRYDWHOQ\L S
+$FFHVV PRGH KWWSV QHNLQ LQIR PDWK Q |

SHFHLYHG 0D\ LQ UHYLVHG IRUP 0
0D\
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HjlZgZp-.y ihlhggh]lh dhgljhex agZgv kim”~_gle\
a \bdhjbklzZzggyf higejZelgm .DKRRW

=ZebgZ <heh”bfbje\gZ LdZgmd
DZn_"jZ egnhjfZlbdb [Z egihfmgpd&phrcgbo | _ogheh]
MfzZgkvdbc ~ _j"Z\gbc i_"~Z]h]leqgbc mge\_jkbl_| «f ge
\me&KzZ~rh\zZz MfEzgv Mdjz€gZ
JDOD@HBRDERP

:ghlZpey¥ _|Ihx ~hkee~" }gdyjh\Z”~" _ggy hlgejXelgm
.DKRRYM aZkh[m a”eckg_ggy ihlhggh]lh dhgljhex ag
ie"\bs_ggy fhlb\Zp<€ ~h AGZN\OILHTPy "hke*} Zgge-a
hgeZz&gj\-k@KRRWhjfm\Zggy iblZgv ~ey a”eckg_ggy
dhgljhex ijh\_~_ggy |I_klm\Zggy 1Z hpegdZ _n_dlb\g
"Zghlh hgleZjdgkM[T}dIhf ~“hke+""} diglyp_k hj]JZgeaZp-
dhgljhex azZ gz\iqdgXxghevghx ~eyevgeklxj k*mAhfle\
Ahkee™" _@giyhp_k hjlZgeazZpe+€ ihlhgqghlh dhgljhex ag
ijb \b\g_gge* "bkpbieeg *gnhjfZlbggh]h pbdem a \bdhj
K_j\ekm@MKRRW jh[hle a”eckg_gh Z&Ze\-kiihigRR&Y
hibkzgh hkh[eb\hkle ch]h \bdhjbklZggy "ey a”eck
dhgljhex agZgv kim”~_gls\ MDKRjRKMKhhsgh |_klb "ey
aZ[_ai_q_ggy ihlhgghlh dhgljhex egnhjfiZabhyidlkd g*tb k p
hkh[eb\hkle €0 \bdhjbklZggy \ mfh\Zo ijh\_~_ggy h
\bagZq_ggy _n_dlb\ghkle \bdhjbklZgdgymDK§&RZcg
\bdhjbklzgh f_Ih” i_~Z]lh]leqgh]lh j_ckiepMZygimih
“h\h”~ylv ihablb\gbc \ieb\ pvh]h azZkh[m gZ js\ _gv
kim~_gle\ 1Z ie"\bs_ggy fhilb\Zpe€ ~h gZ\qZggy AZi]
i_j_I\Vhjx} iZzkb\gh]h kim~_glZ vydbc kijb2fiZz}-dE\gZev
ih\_jog_\hfm je\ge gZ pee_kijyfh\Zgh]h 1Z fhlb\h\Z
gZ\gZevghlh ijhp_km ydbc Jeb[hdh \b\qZ} fZI_jeZe |
jhamfh\m ~eyevgeklv

Dexgh\s keh\ZgeZc g\ k DKRRWhlhggbc dhgljhev
fhib\Zpey gZ\gZggy |_kim\Zggy

+ 9 7TNDFKXN 2UJDQL]DWLRQ RI WKH FXUUHQ
FRQWURO RI XVLQJ WKH RQOLQH VHUYLFH .DKRR

$SEVWUBHWLP RI MOKHWRVKGWURGXFH WKH RQO
DV D WRRO IRU FXUUHQW VWXGHQWITV NQRIRWHG.
OHDUHKMREMHFWLYBYVHRWRKHDWXE\WKH RQOLQ
WKH IRUPDWLRQ RI TXHVWLRQV IRU WKH LPSOH]
DQG HYDOXDWLRQ RI WKH HITHFWLYHQKN\R RV MM
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RI WKBLVWNKH SURFHVV RI RUJDQL]LQJ FRQWURC
DFWLYLWLHWKRH VWKGHRWMLR | WKKH SWR¥GEVY RI RU
FXUUHQW VWXGHQWS YV NQRZOHGJH FRQWURO GX
RQOLQH VHUYKHHD.QBA®RM VRRIOIDXKRRWUYLFH DQG
RI LWV XVH IRU WKH FXUUHQW VWXGHQWYTV NQ
GHWHUPLQH WKH HIITHFWLYHQHVV RI XVLQJ WKH
PHWKRG RI SHGDJR JWKMO UWRIEEMAY BH@EWH WKH SF
LPSDFW RI WKLV WRRO RQ WKH OHYHO RI VWXGH
WR VWXG\ 7KH LQVWUXPHQW SURSRVHG E\ XV \
SXUSRVHIXO DQG PRWLYDWHG SDUWLFLSDQW LQ
WXGLHV WKH HGXFDWLRQ PDWHULDO DQG HQJD.

H\ZRUGRQOLQH VHUYLFRHUDERRWRQWURO
PRWLYDWLRQ WHVWLQJ

$IILOLDWHRQUWPHRI LQIRUPDWLFV DQG LQ
FRPPXQLFDWLRQ 3DHRKRQRORK\QD 8PDQ 6WDWH
8QLYHUWDWWY\DUS P D Q 8NUDLQH

(PDLO JDODQHW #JPDLO FRP

M ijhp_ke gZ\qZggy ihlhgqgbc dhgljhev agZgv Kkl
\Z eb\m jhev |Z ~Z} afh]m \by\blb ¢ k\h}gqZkgh j_Z]m\
agZggyo Djef Ih]h ihlhggbc dhgljhev kijby} ~h~Zldh
\b\q_ggy gZ\gZevgh]lh fZl_jeZem \ijh~h\" \b\g_gg
J _ZeecaZpey ihlhggh]h dhgljhex azZ[_ai_gm} h[f}dIlb
agZgv klm~_gle\ 1Z jZpehgZevg_ \bdhjbkhZglyy_dgamkm
sh hkh[eb\h ZdImZevgh ijb Jjmih\ec nhjfe gZ\gqZggy
gZ kicedm\zZggy a dh gbf kim~_glhf gZ”~lh \_ebde

>ey ijh\_"~_ggy ihlhgghlh dhgljhex gzZflk_h\{ykgh |
.DKRRWax<b[*]j kZf_ pvh]h aZkh[m amfh\e_gh ch]h \bk
k_ j "1Zdbo k_j\eke\ yd 6RFUDWLYH 4XL]JL]] 7ULYH

Jbk J_clbg] k_ . DKRRAE ~ZGFRIRIDHH @G hf gz
[_i_agy jhdm

>7Zgbc aZke[ aZkgh\Zgbc gZ \bdhjbklZgge 1Zdh€
dhgljhexd |I_kIm\ZgjdweZg_gbc ~ey ch]h ijh\_~_ggy
Zm~blhjgbo aZgybhhaleyg_fh hkh[eb\hkle ijh\_"_ gg})
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I_kim\Zggy

I _j_~ ijh\_~ _ggyf | _kim\Zggy \bdezZ”"Zqg DKZRJR b | v
|_klh\e iblZzggy 1Z \bagZqgZz} hkgh\ge iZjzZf_Iljb mqzZkls
k_j\ek hijhgm} qghlbjb \ZjeZglb ijh\_~_ggy4XIL]JKIm\z
\edlhjbgZXPEOHKkes"h\geKLWFXVVLERKIMKk6XUY H\
Zgd _Im\Zggy Yd ihdZam} “hk\e® gZcdjZs_\bdhjbk
IbimdXL\NedlhjbgZ KIVhj_ge \ k_j_"~h\bse azZ\~Zggy fh
g_ leevdb 1_dkl Ze_ C ]jZnedb IZ[ebp- ah[jz"
\e”r hnjz]f_glb Dh'g_ iblZggy fh'gZ gZeZrim\Zlb \b
f_"e \eAjh\enre gZ gvh]lh IZ \eMh[jZ _ggy [Zee\ BZ ijZ\k
r\brdeklv

GZ aZgylle ie" gZk |I_klm\Zggy kim~_glzf fh gZ \b
dhfifx!l_j lzd + fh[eevgbc ijbkljec <bdez"Zq1
\bdhjbklh\m\ZIb Jheh\gbc dhfifxl_j sh ie~dexq_gbc
\b\h”blv gZ _djZg ]Jheh\gm klkhjp\odmNVISWZANDKRRW F
GZ ]Jheh\gec klhjegpe agZoh”bl¥khd kt YolZemglb &bkl fr
Ney ihgzZldm |I_kIm\Zggy >ey |lh]Jh sh[ hibgblbkv m |
kim~_glzf ihlje[gh \W\_klb p_c dh” gZ KlhWgXj KWW SV
\eNih\e”r _c gZ ibdZlg[g¥ " _ge* m \b]Jey”~e ] _hf_Iljbggbo ne]r
k\h}fm ijbkljh€ KkIm~_glh\e ihlje[gh ebr_ h[jZlb
]_hf_ljbggm nelmjm jbk

Jbk NjZ]f_gl 1_kim\Zggy \ k_j_~h\bses .DKRR\

l+key Ih]h yd dh’ _g klm~_gl \e~ih\eklv \bdez”~Zq
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j_clbg] ¢ dhf_glm} j_amevizl J_clbg] ~Z} afh]m
mqgzZkgbde\ r\b~r_ \ihjzZ\ky ea az\"Zggyf ¢ kdeevdb |
afz]lzggy kijby} klI\hj_ggx ihablb\gh€ fhlb\Zp-«€
"bkpbieegb 1Z klbfmex} kim~_gle\ ~h ZdIb\gh€ jh[hlb

<Z eb\hxhh&b\eklx \bdhjbklZggy ~Zgh]lh k_j\ekm }
kiVhj_ggy kmfekgh]h hk\elgvh]h k_j_~h\bszZz vyd_ aZz
afz]lzZggy fhib\m} kim”~_gle\ gZ ~“hky]g_ggy djZsh]lh j_
\bdebdZzZ} +gl_j_k g_ leevdb ~h \b\g_ggy ij_"f_Im =z
| _km\Zggy I1Z hpegx\Zggy agZgv aZ]Zehf

lekey ijh\_~ _ggy ihlhggh]h dhgljhex \bdez"Zqg fh"
j_amevlZlb gZ"bRBRIOMH gZ \ezZkgbc dhfifxl_j m nhjf
_e_dljhgge 1Z[ebpe* ([FHO M nZcees [m”™_ \e~h[jZ  _g
kim~_gl chdhbsje Z[h «ffy yd_ \eg \dZazZ\ m ©defgZl
deevdeklv [Zee\ deevdeklv ijZ\bevgbo ¢ g_ijZ\bevghb«
aZlZevgh]lh j_amevlZIim } fh eb\eklv i_j ]Jeygmlb klZ
\edlhjbgb ¢ \by\blb I+ yde [meb kdezZ”~gbfb *ey kim~"_

>ey \bagZq_ggy _n_dlb\ghkle \bdkjbktEDKWRRYEZC
ijhlylhf 1 1z 11 k_f_kljm gz\qZevgh]h jhdm ijh\_~
i_~Z]lh]leqgbc _dki_jbf gl < _dki_jbf gl \ayeb mqgZzZl
dmjkm nZdmevl_Im neabdb fZl_fZlbdb 1Z Z2gbhjfzl
"bkpbieegb egnhjfZlbggh]h pbdem ©1gnhjfZlbdz 17
dhfifxl_jgbo f_j_ " 1Z kbkl_f?2 >ey dhgljhevgh€ ]ji
ihlhggbc dhgljhev a”eckgx\Z\ky m \bJey”e |_kim\zZg
ORRGOHe yd "ey _dki_jbf_glZemgh€ "BRHDKRRW

GZ ihgzldm ijh\_~ _ggy _dki_jbf_glm [meh ijh\_~_
h[ho ]jmiZo 1Z \byle_gh ijb[ebagh h~gZdh\e je\ge
dhgljhevgec IZ _dki_jbf_glZevgec ]JjmiZo jbk

Z [
Jbk >bgzfedZ gZ\qZevgbo “hkylg_gv kim~_g
Z dhghbb€ ]Jjmib [ _dki_jbf_glZevgh€ ]jmib

Lzdbf gbghf fh eb\hkle DKKR\RKWarbjxxlv ki_dlj
f_lh~e\ Zdlb\gh]lh gZ\qZggy IZ i*"\bsmxlv «gl_jZdlb\g:
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I1Z aZdjeie_gges gZ\gZevghlh fZl_jeZem GZ\_"_g°* j_a
ANZxlv ieMklZ\Pbldjh\bkgh\hd sh \ijh\zZz”~"_glgyj\hikge Zcg
.DKRRI® hj]JZgeaZpey gZ ch]h hkgh\e ihlhggh]lh | _kliIn
\ieb\Zxlv gZ \b\gq_ggy “bkpbieeg egnhjfZlbggh]lh pb
\erfeqZ}lvky ihablb\gZ fhib\Zpey \ gZ\gZgge* 1Z aZp-d
gZ\gZghx “bkpbieeghx Jhlh\geklv \bdhjbklh\m\ZIlb k
fhleevge aZkh[b ey gZ\qZggy

Kibkhd \bdhjbklZgbo ~_j e
'HOBRVDKRRW $ GLJLWDO JDPH UHVRXUFH
UHVRXUFH@ 5\ QWHUHODWYRQQOW-RXIFHIER BRIV

DQG 'LVWDQFH /HPIRXLXQPIHLXPEHY3 t$FFHVYV
PRGHKWWS Z7ZZZ LWGO RUJ -RXUQDO $SUB $SU

ymavdh < E =_cfenedZpey yd aZke[ nhjfm\Zgg
gl _j_km m g9gZ\qZgges neabdb <edlhjhy Kehye"e\
<heh”~bfbje\gZ /qdZeh Gh\elge dhfifxt_jge #_oghe
Lhf;9 %K

SHIHUHQFHV WUDQVODWHG DQG WUDQ\
'HOBRV.DKRRW $ GLJLWDO JDPH UHVRXUFH
UHVRXUFH@ 5\QWHUODWYRQQOW-RXFVPDRQRD 7t
DQG 'LVWDQFH /HPIRIDQIH1XPEHY3 +$FFHVV
PRGHKWWS ZZZ LWGO RUJ -RXUQDO $SUB $SU
% X]MR/*DPLILFDWLRQ DV D PHDQ RI IRUPLQJ
SK\VLFV WOIDFKARINR <X 9 (HINPRRSXWHU WHF
+ +9RO9 +3 ,Q 8NUDLQLDQ

SHFHLYHG $SULO L@SWHYLV 4 BF HBU\PH G
$SULO
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<bdhjbklZggy j_dhf_g~"Zpecgbo kbkl_f gZ hkgh\es f_It
/HDUQLQJ m jZfdZo \b\g_ggy “bkpbieeghb ©?e_dljhg

He ] 1\Zgh\bqg Imjteddkzg”j :gZlheech\bg OZjg_g
>fbljh 1Z\eh\bq FZahoZz
DZn_"jZ de[_jg_Ibdb 1Z kbkin fgh]lh ZgZe-a
DZn_"jZ ijh]jZfgh€ «g  _g_j*€ 1Z «gnhjfZpecgbo k
Db€\kvdbc gZpehgZevgbc dhp]fegegigd mge\_jkbl_I
\me Dehlh Db€fX Mdjz€gZ
SXUVN\BR#XNIDBHM. EB®HPDLO UX

:ghlZpe¥ _Ihx ~hkee"" lggh\q_ggy ijhmhktm\Zggy
j_dhf_g~Zpecgbo egnhjfZpecgbo kbkl_f \ _e_dljhggec
ijhp_km gZ\gZggy j_dhf_g”*Zpecgbo kbkl_f a f_lhx
gZ\gZevgec “bkpbieege ©?e_dIpayggZlip]lN\eké<s " ggy
\b\q_ggy aZ]Zevgh€ ijh[e_fzZlgdb \dhkhjbkZpgcgbo kbk
_e_dljhggh€ Ilhj]e\ee- ZgZe+sa ckgmxqgbo iefohne)
j_dhf_g”*Zpecgbo egnhjfZpecgbo kbkl_f \ _e_dljhggec
f ozZgeafe\ \ijh\Z~" _ggy j_dhf_g~r"Zpecgbo e<gnhjfZpe«
f_ozgeafb _e_dljhggh€H[f}jdthedhkes”"_Yghjhp_kb
\bagZq_ggy kih b\gbo ijehjbl_Ile\ \ _e_Hjljhfghd Ihj]e
"hkee” _ygydhf_g~rZpecges kbkl_fb 1Z \bdhjbklZggy -°c¢
aZkh[s\ mijZ\eeggy _e_dljhgghx Ihj]le\e_x \ g¥\gZev
jh[hle ijh\_~_gh ZgZega gowd}YZé&bkl_fZlbaZpey “hke:
ijh[e_fb \bdhjbklZggy j_dhf_g~Zpecgbo esgnhjfZpec
_e _dljhggec lhj]e\ee IljhZgZeeah\Zgh Ibib IZ fh" _e-
egnhjfZpecgbo kbkl_f \bagZq_gh f_Ih*b 1Z Ze]lhj
j_dhf_g”~Zpecgbo kbkdhie giZrblkggh]l]h gZ\qZggy jha]e
fh eb\hkle \bdhjbklZggy Ze]lhjblfe\ fZrbggh]lh gZ\qZgg
jeagbo Ibie\ j_dhf_g~Zpecgbo kbkl_f ~hkee~”_gh
aZkh[b ~ey jhajh[db j_dhf_g~Zpecgh€ kbkl_fb \ _e_
Jhajh[e_gh az\'hZggZ[h{Zlhjgh]lh ijzZzdlbdmfm a "bk
©?e_dljhggZ lhj]le\ey2 gZ hkgh\es \bdhjbklZggy j_dhf_
J _ameviZlib ~hkeefeZgogylvky maZ]Zevgblb ”"ey nhj
j_dhf_g”~Zpec sh™~h \bdhjbklZggy j _dhf_g~Zpecgbo kb
Ihjle\egX\qZevghfm ijhp_Kke

Dexgh\s keh\Z _dljhggZ Ihj]le\ey j_dhf_g”"Zpecge
fZrbgg_ 9Z\qZggy
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2 ,3XUVN\ 2 $ .KDUFKHQNR3 OD]JRKD 8VLQJ
UHFRPPHQGHU V\VWHPV RQ WKH EDVLV RI PDFK
IUDPHZRUWMUDIGH WHDFKLQJ

$EWUDIKW DLP RI WYLWRVWHKWGNDUFK WKH SURF
Rl UHFRPPHQGHU LQIRUWDWGR QD Q\G/ WHRP D QYO H H
WHDFKLQJ UHIHUHQFH V\VWHPV |RW WX/GIL DLIVWKUL Q
FRXUWWKH REMHFWWXBWYWHR WRKWHYHDUFK RI JHQHU
WKH XVH Rl UHWRPEHQGHUVWHPY DQDO\VLV RI |
WKH FRQVWUXFWLRQ RI UHFRPPHQGHU LQIRUPI
VWXG\LQJ WKH PHFKDQLVPV RI LPS@HRUHBDWDWRL
VAIVWHPV LQ WKH PHFKD QL VAW RR EHVOHFRWWLRVR W IKFH WA
SURFHVVHV RI LGHQWLI\L Q JWRFOGWORIH X ESVUHL RW LR
VWX&\WKH UHFRPPHQGHU V\VWHPV DQG XVLQJ L
IRU HOFPMUDREH. LQ WKH XQLYHUVKW\ZR BIG ORIDOL
VXPPDUL]JHV DQG V\VWHPL]HV UHVHDUFK RQ WKH
LQIRUPDWLRQWUDWHBY KRVHEHHQ FDUULHG RXW
WKH UHFRPPHQGH U R\Q IIRWH MW DROQ] WEV WHI W KR G V
Rl EXLOGLQJ UHFRPPHQGHU V\VWHPV RQ WKH
GHWHUPLQHG WKH SRVVLELOLWLHV RI XVLQJ
FRQVWUXFWLRQ RI GLITHUHQW W\SHV RI WHIHUH
GHYHORSLQJ WKH UHFRPPHQGHU V\VWHP LQ HOH
GHYHORSHG IRU D ODERUDWRU\ SUDFWLFXP RI |
7KH UHRXOWKW VWK GODQQHG WR VXPPDUL]H IF
UHFRPPHQGDWLRQRIIRWDGKIYIXVHERPPHQGHU V
OHDUQLQJ SURFHVYV

H\ZRUBWUDGLQJ UHFRP FPHDFEHQ H/ OMDHFOL Q J

$IILOLDWSRQWPHQW Rl F\EHUQHW L F/SDQ & R/N\D
Rl SURJUDP HQJLQHHULQJ 'DQG YL @ DRVUARDDMIOR/ @ W\ \
7UDGH DQG (FROQRWERFMLY S8NUDLQH

( PDLSXUVN\BR#XNJMDBHMW. EB®HPDLO UX

J dhf_g~Zpecge* kpklijhgdjZzfb sh nmgdpehgmxlv gZ
NZgbo ijh dhjbklim\zZqgz 1Z ij_~f_lgm hpgnhfZ pexgdZZx
jeaghfzZgelge ihjz"b 7~ey ihe_]r_ggy ijhp_~mj ijbcgy
ihjz~b ijhihabpe€ kijyfh\zge gz ieMjbfdm d
j_dhf_g~Zpecgbfb kbkl_fZfb m jeagbo ijhp_kZo ijb
gZijbdez” ihrmdm fmabdb gZ hkgh\e \ih*"HpZzgv d
ijhihabpe€ ydh]l]hkv Ih\Zjm gZ hkgh\e fbgmebo ihdmih

>ey pvhlh j_dhf_g~ZpecgZ kbkl_fZ ih\bggZ [mIb \ &
dhjbkgeklv ij_~f_Im Z[h ijbgZcfge gZ hkgh\e ihje\gyg
Ih\Zje\ \bjerm\ZIb ydbc a gbo j_dhf_gdbn\agibh]hey
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dhjbklm\zqz > @

AZe_ "gh \e~ \bdhjbklh\m\Zgbo agZgv pee_c .
Zelhjblfm ih[m~h\b j dhf_g~Zpec jhajeagyxlv qghlb]j
Ibib j_dhf_g~Zpecgbo egnhjfZpecgbo kbkl_f gZ hkgh
neevljZpe€ gZ hkgh\e dhgbk _gbEgygdzhkdjbrges > @

Ih[m~h\Z j_dhf_g~Zpecgbo kbkl_f fh eb\zZz az\~yd
gZ\gZggx FZrbgg_ 9Z\gZggy NZxgb fh eb\hkle
jha\b\Zlbkv kZfhklecgh <« \*hkdhgZex\Zlb k\hx jhJ
fh eb\hkle 7~ey ihklecgh]h jha\bldm_dhhagh[gb-ctlyhg
kbkl_fb ih\bgge jhamfelb \ke ki_pbnegge \eZklb\hkls
\erih\ergh ~h ydbo ihlje[gh h[jZIb hilbfZevgbc Ze]h
kbkl_fb 1z kijh_dIm\Zlb _n_dlb\gm \aZ}fh?~ex feo°
dhjbklim\zg_f > @ J_dhf_g~Zpecde rbjkdh® g
ihimeyjghkle \ _e_dljhggec dhf_jpe€ AZ\~ydb \bdf
kbkl_f dhfizge€ fh mlv nhjfm\ZIb ~h\]hljb\Ze+s \e~rghkl
H~rge}x a |_g”~ _gpec ydZ fh _ ihykgblb ajhklZggy
\ijh\z~" _gge j_dhf_g~"Zpecgbo kbklyf i p_oh” gt _\gpe
gZpee_ghkle gz fzZkh\_ \bjh[gbpl\h ~h i_jkhgZee<ah)
fzjd_Ibg]lm > @

>ey [my‘drh]h 1gl fiigzZlabgm j_dhf_g~rZpecegdp _kbkl_
"hnrzldh\zZz kdezZz~h\zZ "~ey mkiergh€ jh[hlb Z ~ey ¢
\ _ebqg_agh]lh kgpZkm ydREPBRP p_ g \*"7}fgZ kdeZ’
ANz} afhlm ydekgh nmgdpehgm\Zlb > @ Ydsh _e_dljh
[cevr_ gZcf_gm\zZgv ijh*mdpe€ |h hje}glm\Zgg\
[Zdec deevdhkle egnhjfZpe€ \°_ ie” iblZggyf Z
j_dhf_g~Zpecgec kblkimfd ihe_Jrm}lvky <« cfh\ejgekl)
dhjbkim\zZqg aZebrblvky gkZlAdhim\ogm}livky > @

lkgm} [Z]Z1h jeaghfzZgelgbo Zelhjblfe\ \ij
j_dhf_g”*Zpecgh€ egnhjfZpecgh€ kbkl fb <b[e]j Ze]hjl
aZe_"blv \en |lbim deevadtkiZgkZghkle \oe*gbo ~Zgb
J dhf_g~Zpecge kbkl_fb azZzalbgZc [m~ mxlvky ea \
ozZjzdl_jbklbd kbkl_fb g_h[oe"geklvV r\b~rdh]h
fZkrlZz[h\Zgeklv gZ\ZglZ _ggy gZ”ecgeklv jharbjx\.
lhsh Mke pe Zki_dlblVvZdbZdgghkc \ieb\ gZ \b[*]j Ze]h
ih[m~h\b kbkl_fb Z IZdh™ gzZdez"Zxlv i_\ge h[f_"_gg)

J_dhf_g~Zpecge kbkl_fb azZalbgzZc \bdhjbklh\imx
f_lh~"heh]*€ a egrbo h[eZkl_c |Z4itbgyd \eZfgghey 1Z
egnhjfZpecgbc ihrm#ébklZfde "exIlv gZ hkgh\e \bdhjbl
i_\gbo Ze]hjblfe\ yde ~hihfz]zZxlv j_Zeeam\ZIlb ijh
"Zgbo @

lkgm} ~\zZ f_Ih~b fZrbggh]h gZ\qZggy sh \bdhjbl
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ih[m~h\b j_dhf_g*"Zpecgh€fAkiblglgfbgzZ\qZzggy a \qbl_
dhgljhevh\zZdg_a NMybl_ey g_dhgljhevh\Zg_ > @ Dh
iehoe”™ ihey]Z} \ IThfm sh } \oeMgerAg¥dbaggihkes"h\g
\bdhjbklh\m}lvky dmddjpgbc Zelhjblf fZrbggh]h gzZ\q
IZ \boergZ a¥ffegyd& p_ ihdZaZgh m nhjfmes

\ 1

F_1Z dhgljhevh\Zgh]lh gZ\qZggy ihey]Z} \ Ihfm sl
gh\bo \oe~*gbo ~Zgbo fh'eb\h i_j_~[Zqblb \boe~g
gZab\Z}Ivky fZrbggbf gZ\qzZggyf «a mqgbl_e f Ihfm
aZklhkh\m}lvky “h \oe*gbo “Zgbo ihje\gx}Ivkmlda agZ
hljbfZzg_ gZ \boh”e [Ih[lh ijZ\bevgZ \e¢”ih\erv \erhfZ
gZ\gblbkv €€ hljbfm\ZIb sa gZ~"Zgh€ gZf egnhjfZpe-£€
j_dhf_g~"Zpecgh€ kbkl_fb az ~hihfh]lhx dhgljhevh\Z¢
gZ\gZggy \bdhjbklh\mxlvky Zelhjblfb dgZkbkE-dZIlp.<€
\bjermxlv ijh[e_fm ijh]Jgham\Zggy j_e _\Zglgbo |
dhjbklm\zgm > @

G_dhgljhevh\Zg_ fZrbgg_ g9gZ\qZggy aZklhkh\m}lvk
\erhfe ebr_ \oe"ge agd@_Yydkmlige \eNih\erge \boerge
< F_Ihx fZrbggh]lh gZ\gquoddy efy ¢ jhaih~ee "Zgbo gZ
aZe_"gh \er i \gbo Zljb[mle\ sh a”“eckgx}Ivky aZ ~hih
[_a jZger_ \er"hfbo deZke\ GZ \e~rfegm \e” dhgljhevh
gZ\qZggy \bdhjbklZzggy Ze]lhjblfe\ g _dhgljhevh\Zg
i_j_"[Zqz} ihjs\gygqg aZ]hlh\e_gbfb \e”rih\eryfb J_
Zelhjbl&mp_ ¢ } agZc”_ge aZe_"ghkle fe™ ~Zgbfb 1Z €0
\eMih\ergh ~h pbo aZe_"ghkl_c > @ Ilhje\gygh «a <gl
f_Ih~hf dhgljhevh\Zgh]lh gZ\qzZggy fh eb\h \Z dh my
fh™_reagZlbkv yd €c ijZzpx\Zlb dheb \hgzZ g_ hljb
a\fyadm H”rgzd fh gz ki\hjblb nhjfZevgm klj
g_dhgljhevh\Zgh]lh gzZ\qZggy 9gZ hkgh\e azZz”~Zggy d|
Ahihfhlhx i_\gbo Ze]kijbbEg¥Zgblb kZfhklecgh aZdhghfe
\oe*rgbdiZgbo yde ihlef fh mlv \bdhjbklh\m\ZIbkv ~e
jer_gv gZ™"Zggy j_dhf_g~"Zp-c ijhlgham\zZggy
g_dhgljhevh\Zg_ gZ\gqZggy fh'gZ \bagZqblb yd ihrmd
sh ih*Zxlvky gZ \oh”e Z 1Zdh™ \by\le_ggy I1Zdbo
\erghkylwk¥hgh”rgh]h ea agZc®_gbo rZ[ehg*\ > @

S5HIHUHQFHYV
5LFFL ) 7UDYHO 5HFRPPHQGHU B6\WWHPV
,QWHOOLJHOW 6AVWHPV
'UDFKVOHU + ,GHQWLI\LQJ WKH *RDO 8VH
SHFRPPHQGHU 6\\RWIPPY IRQG) ,QIRUPDO /HDUQ



lgnhjfZpeaghfmgedZpecge |_ogheh]e€ \ hk\ele

UHVRXUFH@ +HQGULN 'UDFKVOHU +DQV * . +
'LJLWDO ,QHRUPB¥R®Q 1R 6RFLDO ,QIRUPDW
7HFKQRORJ\ (QKDQFHG /HDUWQBOBHVV PRGH
KWWBR/XUQDOV WGO RUJ MREBRZIQIDRDGSKS MRGL [
%XUNH 5 5HFRPPHQGHU 6\¥ VOHHFEW UBRQ 2 ¥ HUHN
S5RELQ %XUNH $OH[DQGHU )HOIHUQLJ OHKPHW
+ 9RO 1R + J + $FFHVV PRGH
KWW ZZZ DDDL RUJ RMV LQGH[ SKS DLPDJD]LQH
'KLOORQ % &ODVVLI\LQJ 'LITHUHQW 7\SHV
>(OHFWURQLF UHVRXURH@LRY% DWI$BMHVKLPARE
KWWSV ZZZ EOXHSLLWURRFREBINIWRMOTPAW LIVLQJ
.UDZLHF 7 7KH $PD]JRQ 5HFRPPHQGDWLRQ

UHVRXUFH@ 7RP+ >UDZ@# $FFHVV PRGH
KWWS UHMRLQHU F R BRFRXQ\GHNMIBRMDYRIY
RQOLQH

1LODVKL 0 $Q 2YHUYLHZ RI '0L\QD5BERP®H QB
6\WWHPV >(OHFWURQLF UHVRXUFH@ OHKUEDN
&RPSXWLQJ DQG 'HFLVLRQ 6XIROUW GWRIWHPV
+$F F HAR/G H
KWWS MVFGVV FRP LQGH[ SKS ILOHV DUWLFOH
 RWVL® QBXISHUYLVHG ODFKLQH /HDUQLQJ $ 5
7HFKQLTXHV 6 % .RWV+DQWIRO +RIRUPDWLFD

SHFHLYHG $SULO LQ UHYLVHG IRUP
$SULO
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lgnhjfZpecge I_ogheh]e€ijhch nkZectldh€ i«~]hlih\db
fZc[mlgeo nZoe*\pe\ m kn_je h[eedm |IZ hih*Zldm'

<edlhjey <heh”bfbje\gZ Kheh\ch\Zz
DZn_"jZ h[eedm ¢ hih~ZIldm\Zggy Djb\hjeavdbc _dh
><GMA®Db€\kvdbc gZpehgZevgbc _dhghfeggbc mge\_jk
= _lvfzZzgza F\nmdqggZ f Djb\bc IJMdjzZz€gZ
YYVRORYLHYD #UDPEOHU UX

:ghlZpey¥ |hx~hkee""_dggwbagZq_ggy « o0Zjzdl_jbl
dhfihg_gle\ egnhjfZpecgbo |_ogheh]ec ijbagZqg_ghbc
"bkpbieeghb ©OMijZ\eegkvde egnhjfZpechy2r"Z &bk _fb
"hkee™  glgyZgZeea aZklhkm\Zggy egnhjfZpecgbo |I_
hjl]ZzgeazZp+€ gdigdEvOgdvgh€ ~"eyevghkleH[Kimthfgle\
"hkee™  _Ppaphp_k ijhn_kecgh€ ier]hlh\db fZc[mlIgeo nZ
h[eedm |Z hih~"Zldm\Zggy a \bdhjbklZggydhegna¢fZp
lj_~f_Ihf “hke+”" lgglydhjbklZggy ijh]jZzfgh]h dhfie_d
nZdlhjm ijhn_kecgh€ ie”]hlh\db fZc[mlgeo nZoes\pe\ 1
hihrZldm\Zggy < jh[hle ijh\_ "~ gh ZgZe-a m a
kbkl_fZlbaZpex "~hkee”"_gv a ijh[e_fb \bdhjklZgg
dhfie_dkm ©0 ( 'hk2 \ ijhp_ke \b\g_ggy “bkpbieeghb
egnhjfZpecge kbklJ fatmevlZlb "hkeeM ighymllvky
maZzZ]lZevgblb f_Ilh*bdm sh”~h \bdhjbklZggy cgnhjfZpec
ijhn_kecgh€ ie”]hlh\db fZc[mlgeo nZoe\pe\ m kn.
hihr"Zldm\zZggy

Dexgh\s keh¥gnhjfZpecge |_olghkelhf¥€ e _dljhggh]l
Ahdmf_glhh[e]m

9 9 6RORYLRYD ,QIRUPDWLRQ WHFKQRORJLHYV
Rl SURVSHFWLYH VSHFLDOLVWYV LQ WKH ILHOG R

$SEVWUDRBILIRI WKAL®\ LW WR LGHQWLI\ DQG F|
FRPSRQHQWYV RI LQIRUPDWLRQ WHFKQRORJ\ LQW
SODQDJHPHQW ,QIRUPDW REM HRRMY WKW VIWEHG\ D
DQDO\WLV WKH DSSOLFDWLRQ RI LQIRWRRWLRRQ
HGXFDWLRQDO DQG FRJQLW L RHE NDRFFWLFY V. M. I WKRL
SURFHVV RI SURIHVVLRQDO WUDLQLQJ RI IXWXUF
ZLWK WKH XVH RI LQIRUP IWE RE FWHIHF K/QUWRXTER JLL\H W
WKRIWZDUH FRPSOH[ DV D IDFWRU LQ WKH WUDI
DFFRXQWLQJ DQG WD[DWLRQ ,Q WKH ZRUN W
VIVWHPDWL]DWLRQ RI UHVHDUFK RQ WKH SURE
30 ( 'Rk” LQ WKH FRXUVGILRF IVS\OX®\H G0 DD HP H Q \
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6\WWHPV" ZDV FROBXRD/\MEH7KWXG\ SODQQHG W
PHWKRGRORJ\ RQ WKH XVH RI LQIRUPDWLRQ
SURVSHFWLYH VSHFLDOLVWV LQ WKH ILHOG RI D

H\ZRUGQIRUPDWLRQ WHFKQRORJLHV V\VWH!
FLUFXODWLRQ

$IILOLDWSRPQWPHPRXRMWLQJ D QGYWDJDKV(RRQR|
,QVWLWXWH RI 6,+( 3.\LY 1IDWLRQDO (FRQRPLF 8
+HWPDQ’ WG UFD\@ 5LK S8NUDLQH

( PDLYOYVRORYLHYD #UDPEOHU UX

KmgzkgddZghalbldmgnhjfZpectygbomghehibédz]Zz}en
d_je\gbidMNijb}fkNijh\ZA " m\mipZdibdmjzZ\eegjdyjZfg_
aZ[_ai_q_wgdy*hal\heberZz\IhfZlbam\gdb[eevig@ klbgm
\bjh[gbgbd[sagijkhp_kebhfmajha\bldHZ mkdezZz”g_ggyf
\bjh[gbpltZdhkbe_ ggWfgdmj_ppiddzZggklZxlw_[eevr
ZdlmZevgbfb

M jzfdZo \b\g_ggy "“bkpbieeghb ©OMijZ\esgkvd:
kbkl_fb2 ydjZa <« jhalJey”~Zxlvky iblZggy \ijh\Z" " _gc
mijZ\eeggy i*"ijb}fkI\Zfb kmqgzkgh]lh ijh]jZzfgh]lh azZ[_
pvhfm ch]h \bdhjbklZzggy fZ} peedhf ijZdlbggm
Hkgh\ghx hix lijb pvhfm } ie”]hlh\dZ fZc[mlgeo nZoe\j
h[eedm |Z hih~"ZIdm\Zggy kzZf_ ~h ijZzdlbggh]h \bdhjbl
ijh]jZzfgbo azZkh[e\

Dmjk ©MijZ\eegkvde egnhjfZpecges kbkl_fb2 \b\qZ}
\bjh[gbgbo 1Z [plrg_MkKk\ yde nmgdpehgmbMko\Z2 iM
ydhkle ijh]jZzfghlh aZ[_ai_q_ggy jhaley”rZ}Ivky ijh]j:
nhjfm\zZggy |Z \+~ijZ\e_ggy a\slghkle ©F ? 'RF2 ydbc
Ney Z\lIhfzZlbazZpe<€ ijhp_ke\ jh[hlb ae+ alelgeklx \klZg
ljh]jzfgbc dhfie_dk ©F ? 'RF®bXA}v fhkim”_glzf g.
dhgdj_lghfm ijbdez”~e j_Zeeam\Zlb \ke ch]lh aZ]Zevg
pvhfm fZc[mlgec [mo]Zel_j i*"ijb}fkI\Z fZ} afh]lm hljt
ijh j_Zevge azZ\"Zggy * ijh[e_fb a ydbfb \eg fh™ _ a-
ijhn_kecgec "eyevghkb nklikh¥Yggy 1Z a”~Zqe alelgl
\eMih\e~rge kem'[b

ljh]ljZzfgbc dhfie_dk ©0 ( 'hk? ijbagZg_gbc "ey Z
ijhp_ke\ jh[hlb ae alelghx "hdmf_glZpe+}x <eg aZ[_al
_e_dljhggh]h *hdmf_glhh[s]m mkeo [_a \bgyldm km[Y]
[mMmr"ydh€ nhjfb \eZkghkle 1Z ~° _j e negZgkm\Zggy Z
N j7Z\gbfb dhgljhexxgbfb hj]l]zZzgzfb ihrzZqz a\elgh|
i_j_"[Zqg_9gZ qbggbf aZzdhgh”~zZ\kI\hf MdjZ€gb Djef Ih]

igzZjZzoh\m\Zlb azZjh[elgm ieZIm jh[elgbdZf is"ijb}1
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nhjim\Zggy alelghkle a /K<

i efihjlm\Zlb "ZgeyaHfhfmo]Zel_jkvdh€ ijh]jzfb &
[e7ijb}fkI\h 23= lhsh

ii_j_nz\zZIb alelgeklv aZkh[Zfb _e_dljhggh€
\bdhjbklZzggyf _e_dljhggbo pbnjh\bo ie®ibke\ IZ rbnjm

©OF ? 'hk® nmgdpehgmj} ‘"mfZxdhom ~_ fhgkljZpecghfn
ihA\ghnmgdpehgZevghfm <bdhjbklh\mxqghb ijhljzfgk
©0 ( 'hk® fh'gZz

ilhIm\Zlb 1Z \e7ijZ\eylb al\elb ~h >_j Z\gh€ nekdz
hjlZzge\ klZlbklbdb dhfeke€ ih peggbf iZi_jzf >_j Z
klZlbklbdb | hdkeapg”m MdjZz€gb >_j Z\gh]lh nhg”m
NKK ih <IL 1Z egrbo ~_j Z\gbo hjl]Zg-\

i kzZfhklecgh ijh\h”blb dZf_jZevgm i_j_\ejdm k\h}€

i “"fjmdm\Zlb \eZkge a\¢lb

inhjfm\ZIlb ki_peZevge nZceb a+ al\elgekix \ _e_dljl

iie"ibkm\Zlblba\_e_dljhggbfb pbnjh\bfb ie*ibkZf
\erkbeZlb €0 _e_dljhgghx ihrlhx azZ “hihfh]lhx \[m~h\Z
dee}glz

i\bdhgm\ZIlb h[feg a\elZfb fe " kbkl_fZfb \klZgh\e_(
dhfifxl_jZo

i\bdhgm\Zlb dhgkhee”Zpex alelghkle

iagZchfblbky a hikgt\jgdfb\gbfb ~hdmf_glZfb

i\b[bjzlb Z[h kI\hjx\ZIb eg”b\e*mZevges dhfie_dlb a

i"fjmdm\Zlb [eZgdb i_j\bggh€ "hdmf_glZp-€

i\bdhjbklh\m\Zlb [mo]Zel_jkvdbc dZe_g”~Zj

i efihjlm\Zlb ~Zge a egrbo kbkl_f [mo]Zel_jkvdh]h t

i kIVhjx\zlb ilhde gzZdez~ge |Z ie~ibkm\Zlb €0
j_YkljZpe}x m /“bghfm j_}klje 1G a hljbfzggyf d\blZgj
Z[h g_h[oe*gbo <bly]e\ a J_}kljm

i h[fegx\ZIbky azj_}kljh\Zgbfb ih”~Zldh\bfb gZde
dhgljz]_glzfb

ljh]jZzfgbc dhfie_dk ©O0 ( 'hk2a eghlZedahlfvgyl |
dhjbkim\Zgz m "“\ho \ZjeZglZo ehdZevghfm |1Z f_j_
\ZjezZgl ijh]ljZzfb ijbagZq_gbc "~ey \bdhjbklZggy gZ h*
fekpe <eg \klZgh\ex}lvky gZ h”bg dhfifxl_j ijb pvhi
ih\gZ egklZeypey ijh]jZzfb a dhoexfBEYFYHbmknZces\
F_j_"_\bc \ZjezZgl ijhljzfb ijbagZg_gbc ”"ey h”ghq
A _deevdho dhjbkim\Zqge\ a h~”ge}x [Zahx "~Zgbo |Ijk
jhalZzrh\m}livky gZ k_j\_je “~hklmi ~h ydh]h azZ[_ai_qnm
klZgpec gZ ydbo ijhibkm}ulizye hémosahkdj\_jghx gZklb

ljh]ljZfgbc dhfie_dk ijZpx} gZ ieZlnhjfe KB;>s®)LUI
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Ahalhey} kl\hjx\ZIb kdezZ~ges kbkl_fb a Zkoe\ dtmjhx ©
ljh]jzfgbc dhfie_dk ©F ? 'RF2 ih[m~h\Zgh aZz
ijbgpbihf ijbghfm dh gbc fh2mhav*r§sat hmgdpehgZevg
Hkgh\gbfb fhmeyfb ijh]jZfgh]lh dhfie_dkm ©F ? 'hl
©AZjh[elgZ iezlzZz® fh"mev ©Il_j\bgges “hdmf_glb& fh~

fh"mev ©:gZe+a "eyevghkle?

Fhmev ©AZjh[elgZ ieZlZ® } nmgdpehgZehf ijh]jzf
©MijZ\eyggjkhgZehf2 sh ijbagZg_gbc “ey h[eedm ijZ
ieZlb kie\jh[elgbde\ jeagbo dZI_]hjec ie”ijb}fkl\ Fh”
ih\geklx zZ\lIhfZlbam\Zlb jhajZomghd aZjh[slgh€ ieZlb
\bdhgmxgb fd»*\Wdhj_dpe€ ~Zgbo \ jhajZomgdlhvbo eb
hljbfzggy degp_\h]h jhajZomgdm 1jh]jzfZ ijhihgm} |
\b”re\ hieZl nhg”e\ 1Z €0 gZjZom\Zgv dhfie_dlb mke
yde fZxlv [mlb knhjfimpZzgm\aggyf \bfh] dhgljhexxo
hjlzg»\ @

Fh mev ©I _j\bgge “~hdmf_glb?® i¢lyagkldhjglgogy”
j_"Zlm\Zggy 1Z a[_j_"_ggy Zdls\ \bdhgZgbo jh[el
ieZlegbo “hjmqg_gv |IZ <grbo i_j\bggbo ~“hdmfagle\
f Ilhx h[fegm gbfb a dhgljzZz] _glzZfb I|Zd&ey \\erdkigbg-o
ihlj_ [ ie7ijb}fkI\Zz M jzfdZo fhtmey €@hjbkkzZfhklecgl
ki\hjblb ihlje[gbc chfm ~hdmf_gl \bdhjbklzZ\rb
dhgkljmdlhj rZ[ehges\ <ke kl\hj_ge¢ “hdmf_glb a[_j*]Z
sh "ha\hey} €0 \bdhjbklh\m\Zlb gzZ"Ze-

Fh mev ©H[eesd I><? "ha\hey} h[fegx\ZIbky ih*ZId}
a dhdalj_glzfb az "hihfh]l]hx _e_dljhggh€ ihrlb
kdez~h\bfb fh mex } j_}klj i_j\bggbo “hdmf_qgle\ j_
hljbfZgbo ih~"Zldh\bo gZdezZ”gbo 1Z \e”rih\erge \ZjeZ
ihr"Zldh\h€ ~" _deZjZp+€ a I>< Fh"mev ©OHJ[ee+d I><2 *h
ofihjlm\Zlb _dkihjim\ZIlb 1Z a[_je]Zlb ih~ZlIdh\e gZdeZ
gbo a f_lhx h[fegm gbfb a dhgljzZ]_glZfb IZ dhgljhexx

Fh mev ©:gZeea "eyevghkle® yley} kh[hx ihIm~
ijh\_~ ggy negZgkh\h]h ZgZesam "eyevghkldhidrijb}f
\dexqZ} \e”ih\e~rge f _|h~b yde ~halheyxlv \bdhgZlb
dhjbkIm\Zqg_\e egnhjfZpex ey ijbcgylly jer_gv :gZe-|
ljiZnedb ~hihfh " mlv djblbggh hpegblb negZgkh\e j am
ie"ijb}fkIN\Z \ "bgZfepe sh ~"ZklvibfhZm[tbagXmhavde fek
m negZgkh\lec ~"eyevghkle 1Z kihkh[b _n_dlb\gh]l
negZgkh\bo j_kmjke\ « €0 jZpehgZevgh]h \bdhjbklZgg

Lzdbf qgbghf hkgh\ghx i_j_\Z]lhx ijh]jzfgh]h
©0 ( 'hk? m ihje\gygge a *grbfb aZkh[Zfb Z\IhfZ]lhaZp-
} gZy\geklv ih\gh]h pbdem jh[hlb a ~“hdmf_glZpe}x
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kiVhj_ggy ¢ ih”"Zggy ”~h \e”ih\e*gbo a\¢lgbo hj]Zg-
hljbfZggyf ie~I\_jr" _gv ijh €€ ydeklv

<ijh\zZ”~" _ggy e<gnhjfZpecgbo | _ogheh]ec m gZ\qZe:
fh eb\eklv ier"lhImXBkhpe\ a h[eedm [Z hih~Zldm\Zgg
ijZpx\Zlb m dzZj*bgZevgh gh\bo " _~Zee [eevr_ Z\IhfZ
ijZpe hje}glm\Zlbky m \_ebqg_agbo h[ky]Zo esgnhjfZ]
[_ai_j_j\gh Jjzfhlgh hijZzpvh\m\ZIb €€ a[_je]Zlb c i_

KibkhdwdhjbklZgbo ~"_j_e
Dhfifxl_jgz ijh]jZfzZz ' fh "mev ©A\«lghkkygbd
dhjbkIm\®2gzZdljhggbc j@kmjk + kxJ_"bf “hklmim
KWWSV PHGRF XD SGI OB(B'RFBLQVWUB1(: SG

5HIHUHQFHV WUDQVODWHG DQG WUDQ\
RPXWHSQRKU@RDRPE PRGXOYLWQ&RWSXWHU
SURJUDR 'RF PRGXEHSRUWLGRVLEQGRU\VWXYDF|
X OHFW URQ/LR& W FH + V £ $FFH\WPRGH
KWWPSNG RES GO B(BREBLQBIW:U SGI,BNUDLQLDQ

SHFHLYH®SULO LQ UHYBSMHGOIRUP $FFHS
$SULO
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KmqgzZkges | _g”_gp*€ m jha\bldm
f Ih~e\ ¢ aZkh[e\ jha\ffyam\Zggy hilbfeaZpecgbo

Xjec <Zkbevh\bqg Ljbmk
DzZn_"jZ dhfifxl_jgbo gZmd IZ «gnhjfZpecgbo | _oghe
Q _jdzZkvdp&Vgbc | _ogheh]egqgbc mge\_jkbl |
[me R_\q_gdzZzQ_jdZkb Mdjz€gZz
WU\ ¥IWPDERP

:ghlZpey¥ |Ihx ~hkee<”" }lJgddgZeeca kmqzZkgbo |_g”"_
jha\bldm f_Ilh”e\ « aZkh[e\ jhalfyam\Zggy hilbfe:
ijh_dim\zZggy 1Z klXiHEglgmjkm ijbagZq_ghlh “ey j_
f_Ih~e\ dhe_dlb\gh]lh egl_ejdImfAEGEZGZdb "hkee""_gg
} ZgZeea _\hexpecgbo <+ ih\_~egdh\bo f_Ilh”e\ jha
leh[Zevgh€ hilbfeaZpe€ |Z aZkh[e\ €0 j_ZecaZpe+€ ij
ZHE kmjkimbagZqg_gh]lh "ey j ZeecaZpe+<€ f_|Ih”e\ dhe_ dlI
\ hgeZjcgbfeH[T}dIhf "hkes"} lgggZkge |_g”~_gp*€ m jh
f _Ih~rel o aZkh[e\ jhalfyam\Zggy hilbfpaZfpdbdgbo a
"hkee”" _dgy Ih~b « azZkh[b jhalfyam\Zggy Kidbfeaz
J_amevizZlib ~hkeefézZgoylvky \bdhjbklh\im\ZIlb m g
f_Ih~e\ hilbfeaZpe€ ~hkee”’_ggy hi_jZpec « |_hje€
kim~ _gle\ dhfifxl_jgbo ki_peZevghkl _c | _ogeqgbo mg

Dexgh\se keh\Vhexpecge f_Ih*b hilbfeaZpe€ hf\_~eg
hilbfeazpe€ f_Ih”b dhe_dlb\gh]h «gl_e_dIm

< 9 7TUDRGHUQ WUHQGY LQ WKH GHYHORSPHC
IRU VROYLQJ RSWLPL]DWLRQ SUREOHPYV
$SEVWUDFILP RI WKLV WWRXBQDO\]H FXUUHQW
GHYHORSPHQW RI PHWKRGBVY IDJUG RW RR O V] DIWUR
GHVLJQLQJ DQG FUHDWLQJ D ZHE UHVRXUFH G
LQWHOOLJHQFH PHWRRE R E® HRRMDLLYQBHN FRR GMKO-D W
RI HYROXWLRQDU\ DQG EHKDYLRUDO PHWKRGYV
SURHPV DQG WKH PHDQV RI WKHLU LPSOHPHQWL
ZHEHHVRXUFH GHVLJQHG WR LPSOHPHQW FROOHF
PRGAKH REMHFW RV WHMHBXBKHQW WUHQGV LQ
PHWKRGV DQG WRROVY]DRW RMR CYKREIVREWHFW R
UHVHDWPKHWEKRGY DQG PHDQV RI VR ONKLHD I R\SXAOLM
RI WKHDWMXSODQQHG WR EH XVHG LQ WHDFKLC(
UHVHDUFK RI RSHUDWLRQV DQG GHFLVLRQHBDN
VSHFLDOWLHV Rl WHFKQLFDO XQLYHUVLWLHV
H\ZRUGBYROXWLRQDU\ RSWLPL]DWLRQ PHWKR
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PHWKRGYV PHWKRGV RI FROOHFWLYH LQWHOOLJ}
$IILOLDWSRQW PFHRPB XRWHU VFLHQFH DQG LQIRL
PDQDJH P&KQW N D VA BKMIRMDOHR JLFD O 8 Q L XHQ K D/W \
&KHUNDV\ SNUDLQH
( PDLWU\XV\Y#JPDLO FRP

M k\ele g_\eA[m\Z}Ivky gegh]h \ ghfm g_
kmlv ydgllpm~v fZdkbfmfm qgb fege
E _hgZj® ?ce_|j
<klmi

A degpy OO klheelly f_Ih”b hilbfeaZpe€ |Z "hkee”’
jha”eeb ijbdez~gh€ fZI_fZIbdb m \e~ih\e~rghkle ~h ihl
aZklhkm\zZgv m gZmpe |_ogepe _dhghfepe khpeZevg
gZijyfe “hkee” _ggy ki_peZevglidedgbleaZtkyj_jhajh]
gbk_evgbo f_Ih”e\ €0 jhal\fyam\Zggy sh “hezZxlv g_]
jhajb\geklv peevh\bo nmgdpec V4 [Zdh"”
[Z]ZIh_dklj_fZevgeklv [Z]ZIhdjbl_jeZevgeklv g_q-l¢
ijbjh~m hilbfeaZpecgbo az~zZq flhiZdh kiblkiZApeXxZdbf
h[jzagbf \bkeh\eOWgyiZzdhgzZ hilbfeazZpe€ [Z]ZIh ]he-
dh gh€ a gbo ihlje[_g>k®@®c f_q?

Lhfm gZ gZrm “mfdm nhjfm\Zggy m fZc[mlg
dhfifxl_jgbo gZmd kbkl _fghlh ZgZeeam ijbdez”
egnhjfZpechbmgheh]ec agzZgv «a kmqgzkgbo f_Ilh”e\ 1}
"hkee”” _ggy hi_jZpec ahdj_fz _\hexpecgbo f_Ilh
f _Ih~e\ hilbfeaZpe€ aZzkgh\zZzgbo gZ jhch\hfm gl
jhal\fyam\zZggy azZz~Zq g_qe*ldh€ hilbfeaZpe€ h\heh?"e
gZ\bqdZaZklhkm\Zggy pbo f_Ih”~e\ ¢« aZkh[e\ sh €0 j_
kn_jZo "eyevghkle ex”bgb } \Z eb\hx kdeZ” h\hx
ie*lhlh\db Z kI\hj_ggy f_Ih”"bggbo kbkl_f gzZ\qgZgg}
nhjfmxlvky aZagZq_ge agZggy =+ \feggy } ZdImz
f ThBgghx ijh[e_fhx

Hkgh\gZ gzZklbgz

Jhaleyg_fh kmqgzkge |_g”_gp*€ m jhalbldm h
"hkee”" _gv m ]JZemae+ hilbfeaZpe€ sh h[mfh\le_ge gt
jha\fyam\zZggy _dklj fZevgbo azZ”Zq jha\blhd yd
klhoZklbgghx 1Z g_qgeldhx gbkhR®*hxyijhs sh “hkee” mx]
IZ rbjhdbf aZzklhkm\zZggyf dhfifxl_jgbo |I_ogheh]ec ~
ljb pvhfm gZ \e~rfegm Ve~ f _[h"e\ g _JezZ”rdh€ hilbfeaZzZ
jha\b\Zebkv nie jhdb OO klheelly « \bdhjbklhimxlv jea
lizhe}lglZzhpheevnmgdpe€ I1Z Z[h nmgdpec h[f_"_gv _dklj
maZ]Zevg_gbc ]jzZz~e}gl ik_\"h]jZ”*e}gl km[]jZ~e}gl
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IZ ihlj_[mxlv kdezZ”gbo fzl_fZlbgqgbo h[jZomgde\ a.
\bdhjbklh\mxlv g_kdez~gbc fzZIl_fZlbggbc ZiljzIl -
f_ITh~b gmevh\h]h ihjy*dm I|h[lh 1Zds sh g_ \bfz]z
1jZ"e}gle\ Z[h €0 ZgZeh]e\ 7~ey €0 j_ZeecaZp-£

F Ih”b aZkgh\zZge gZ efelZpe€ ijbjh”rge0 ijh
aZihabg_ g m “b\h€ « g "b\h€ ijbjh*b |Z j Zeesamx
\bizrdh\bc ihriddj ‘pbo f _Ih”e\ \b"reeyxlv _\hexpec
ih\_~egdh\e f_Ih~b

?\hexpecge f_Ih~*b hilbBZZp<edr \e~hfbfb k_j_-
_\hexpecgbo f_Ilh”e\ hilbfeazZpe€ } ]_g_Ilbqge Ze]lhjbl
_\hexpecgbc ijhp_k ijbjh*gh]h \e~[hjm ¢ gZkee"m\ZgQg
Zkhpexxlvky a fh eb\bfb \ZjeZglZfb jhalfyadm azZ".
ijh~h\"m}lvky deevdZ "bll}\bo pbdees\ ihdheegv ~h \
mfh\b amibgdb ijhp_km

ljh[e_fzf jhajh[e_ggy < \bdhjbklZggy ]_g_Ilbgghbc
ahdj fz ~ey jha\fyam\Zggy e&Z"ZjpkiyldpfghZph[hlb [Zc

\g_gbo yd > = =REKEAQWROOD®G? =he”[_j] 'DYI
(GZDUG *ROGEHUJ F Felg_ee OHODQLH OLWFKH
G _a\zZz Zxgb gZ |_ sh jha\fyaZggy dhgdj _Igh€ hill

gZklh ihlj_[m} ih[m2h\b ]_eglhhlgidmha zZmgedZevghb
agZg_ggyfb izZjzZf_lje\ deevdZ [Zah\bo \eZklb\hkl_c
aZebrzZxlvky kisevgbfb ijb jhalfyaZzgge Z[khexlgh jeag
Ney j_ZeeaZpe€ dhgdj_lghlh 1_g_Ilbqggh]lh Zelhjbl
kiVhjx\Zlb hdj_fbc ijh]jzfgdlc ijh*m

17y ]_g_Ilbggbo Ze]hjblfe\ ihey]z} \ dhfifxl_jg
_\hexpecgh]h ijhp_km klI\hj_ggy fhrbnedZpe€ + \
jha\fyades\ \boh”~ygb a Ih]l]h sh \ ijhp_ke \e?l\hj_g
jha\fyade\ djZse a gbo ih”e[gh ~h ijhp_kdibkse dp-
djZsbho ©gZszZ~de\?2 lh[lh ~ZIb gh\e [¢evr ijbcgy
jha\fyazggy ihklz\e_gh€ az~Zqe OhqZ ]_g_Ilbqgge Z
i_\ge ijh[e_fb ijb jha\fyaZgge* hilbfeaZpecgbo azZz”Zq
i_\ge g_"heedb ih\fyazge a ih\eeviphbxqabfgeR[kjhed _f
gbke _ggbo izZjzf _lje\ sh \bdhjbklh\mxlvky *ey €0 nmi
\bjh[e_ge*klx f_Ih~"heh]*€ d_jm\Zggy a[* gekIx ]_g_lbq
hilbfeaZpe}x nmgdpec _dklj_fmfb ydbo agZoh”blvk
\bkhdhfm gbavdhfM giZdbbh\*hke+*”" ggyo = ijZdlbq
jhajh[dZo a f_Ihx ih}*gZggy djZsbo \eZklb\hkl_c Ijz~*
hilbfeaZpe€ 1Z ]_g_Ibggbo Ze]hjblfe\ \bdhjbklh\m}Ivky
Ah o ih[m~h\b f_Ih~e\ hilbfeaZpe€ |Ijb pvhfm gZ ihqZzZl
ijhp_km aZklhkh\nglVlkggbc Zelhjblf Z ihlef iekey ch
azZ i_\gbf ijz\behf Zdlb\eam}lvky h”bg a f_lh”"e\ |
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gZc[eevr ijbklhkh\Zgbc "h az”~Zqe aZ”*Zgh]lh deZkm

H~rgbf ea azZkh[e\ sh gzZ~Z} fh eb\eklv aZklhkm
Zelhjblfb 7~ey jha\fyarmiZzagy-chhgibto azZz~Zqg m deZkb
]Je[jb*ghfm \ZjeZglZo } iZzd_I ODWODE ahdj_fz
dhjbkIim\zqg_f \eZkhdgkxe+\P \bdhjbklhimxgb nmgdp-€
2SWLPL]DWLRQ 7RROER[ * iZd_Im *HQHWLF $0JRU
I1Zd » gZ je\ge giAdgbroeqkljmf_gle\ ahdj_fzZ ijh]jzZfb .

lh\_negdh\e f_Ih”~b hildh\aZpgéih\e f_Ih~*b hilbfeaZ
azZkgh\zZge gZ fh™ _ex\Zgge dhe_dlb\gh€ ih\_7egdb
ihimeypecgbo kbkl_f sh kdez”Zxlvky a \azZ}fh~ex
Ih\_7~egdh\e f hliibbeaZpe€ fhr_exxlv g_ _\hexpex Z d
ZNZilZpex \e”rih\ergh€ kbkl_fb LzZde f_Ih~b s_ gZat
dhe_dlb\gh]h Z[h jhch\h]h egl_e_dIm Ilhimeyjgekl
lJeh[Zevgh€ hilbfeaZpe€ h[mfhle_gZ fh eb\eklx €0 a
_n_dlb\gh]Wyman\Zggy rbjhdh]h dhezZ azZz~Zq hilbfeazZp
g_i_j_j\gh€ g_lez~rdh€ ~"bkdj_lgh€ ¢ [Z]Zlhdjbl_jeZe

>h f_Ih~e\ dhe_dlb\gh]h egl_e_dIm sh aZihabqg_g-
\erghkylv fmjZrbge Zelhjblfb [~"hebge Ze]lhjblfb
\h\de\ dzZ Zge+\ ilZoe\ dhkyde\ jb[ fZ\i Ze]lhjblf [Z
k\eleyde\ Zelhjblf ahame-

>h f_Ih”re\ azZkgh\Zgbo gZ efelZpe+€ ijbjh~*gbo y\
\erghkylv f_Ih” jhx qzZklbghd Ze]hjblf ]jzZ\elZpec
Zelhjblf djzi_ev \h”b hffimM\Zgoy jeqdb klhoZklb
"bnmaecgbc ihrmd

ljh[e_fzf jhajh[e_ggy <+« \bdhjbklzZzggy f_Ih”e\ d
egl_e_dlm ijbk\yg_gh jh[hlb [Zdbo \g_gbo yd L
%ODFNZHOO > =Zohma 'HEDVLVK *HRYH joKjl>_|
5XVVEGOWD G DZciz .ULVKQDQDQG 1 .DLSD
.DUDERJD F DZkl_eezZge ODUFR &DVWHBOWOWDQ
. HQQHB\De_[0DXU&PHUFr G E_geg .DQDJDVDEDL
/HQLQ EVX€XKQGUHHZZLK Fe¢j Ze-gH\HGDWORMLOL
KF Fej"Zeee6H\HERKDPPOIGUMDOD Ll S5LFFDUGR 3F
;v JZ\egnjZgZl J_Nhe %BKXPDQDSDOO\N 5DYLQGKUDQ
6KL D Km)XWKEDNJHVK Kmjfy DZez\zZle 0XQDJD
.DODYDWKL > L NzZf 'XF 7THJXRIQe) BiKenP OEFKDE
6KROHGRAX YR FKYH <DQJ 1Z g

;eevreklv Zelhjblfe\ jhch\h]h egl_e_dIm gZ”"Zxlv
"hkee”"m\ZIlb \_kv ijhklej ihrmdm Ze_f _gr _n_dlb\
chl]h hdj_fbo g_\_ebdbo ~e«eyghd M ih\_~"egalhpbd f_
ydeklv ehdZevgh]h ihrmdm fh gZ ihdjZsblb aZ jZom
ZNZilZpecgbo ijhp_"mj hrgzZd p_ agb ™ m} cfh\ejg:-
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Jeh[Zevgh]h jer_ggy ¢ \bdebdZ} i_j_"gZkgm a[* gkl
yd « \ ] _g_Ibggbo ZelhjblfZo hilbfsa&peE]h\«fllhe"Z0d m
\bdhjbklh\m}lvky Je*jbrgbc i*”0o*” “h ih[m~h\b f_lh"e\
pvhim ehdZevgbc ihrmd ~"hpeevgh a”eckgx\Zlb -«
ki_peZevgh ijbagZq_gbo 7ey pvh]lh f_lh"e\ HMgEL
ihimeyjgbo 1Z _n_dlb\gbo f_Ih*e\ mddZevlghgh Vhfz]Zz
Abn_j_gpex\Zggy peevh\h€ nmgdpe€ } f_Ih~
[Z]1Zlh]jZzggbdZ kbfie_dkgbc ihrmd > ? G_e”™_jZ
1HOGHU Iz J Fe*"Z B5RGAUYbDHDG ijhp_k hilbfea
]*[jbrgbf Ze]lhjblfhf fh gZ j_Zeeam\Zlb gZ hkgh\e f_1lh
BDUWLFOH 6ZDUP 2SWLPL]DWLRQ 3®2 ggyfivdzaZz
J ?[_joZjhhfjh[hle > @ + jhalbg_gh m [Z]ZIvho <grbo
gZijbdezZz® >Ilhimeyjgeklv f_Ih"m 362 h[mfh\le_gZ fh™
aZklhkm\zggy 7ey _n_dlb\gh]Jh jha\fyam\Zggy rbjt
hilbfeaZpe€ \ Ihfm gbkee g_i_j_j\gh€ ~bkdj_Igh€ -
hilbfeaZpe+€

ljhp_k hilbfeaZpe€ Je[jbrgbf Ze]hjblfhef_jhlah¥ihTly2gl
ihreeblb gz "\Z _1Zib

l[jh\_~ _ggy hilbfeaZpe+€ Ze]lhjblfhf jhx gZklbghd 12
N ydh]lh gZ[eb  _ggy ]Jeh[Zevgh]h hilbfmfm
Mlhgg_ggy agZc”_ghlh gZ[eb _ghlh hilbfmf

ehdZevgh]lh ihrmdm |Ijb pvhfm ehdZevgbc fnh” hil
agZg_ggy agZc”_ge i*" gZk hilbfeaZpe€ Ze]lhjblfhf
ijh~h\"m} agZoh”™_ggy hilbfmfm ~ey gZcdjZsh]h j_am
azZ "hihfh]l]hx 362 iskey deevdho ih\lhj_gv

ljb \bdhjbklzZzgge Je[jb~rgh]lh f_Ih*m jhx qzZkl
jha\fyam\zZggy |j_Zdefegl¥xpebgbo az”~Zq fh gZ aZzZklhk
gZijbdez”~ kbkl_fm ODWODE 5 D ydz fz} \ k\h}fn
SDUWLFOHVZDUP sh \oh”blv ~h kdeZ"m *OREDC
j_Zeesam} Z~Zilb\gbc f_Ih”" 362 > @ Z 1Zdh™ nmagdrg
j_Zeeam} f_hhyfh\Zgh]h [Z]ZIh]jZggbdZz

MjZoh\mxqgb | _ sh jhch\e Ze]lhjblfb ijbagZqg_g+ "e
azZz”"Zq Jeh[Zevgh€ hilbfeaZpe€ gZ Jei_jdm[e “"ey |
mfh\gh€ eegecgh€ + g _eegecgh€ hilbfeazZpe€ ahd,
ijh]ljZzfm\Zggy azZklhkh\VmXbvkhjzZingbo nmgdpec dheb
mfh\gh€ hilbfeazZpe€ azZfegy}lvky ihkee*h\geklx a:
hilbfeazZpe£€

Qbk_evge _dki_jbf_glb a |_klh\bfb nmgdpeyfb
hilbfeaZpe€ sh ijh\h*"bebky jeagbfb "hkeerghdZfb « .
ijZp_a™Zlgeklygméhe dezZke\ f_Ih”e\ hilbfeaZpe€ €0 hj
_dhghfeggeklv m ihje\gygge a I|jZ"bpecgbfb qgbk_e
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hilbfeazZpe€ Z 1Zdh™ ~hpeevgeklv Je[jbrgh]h i¢"oh”"m
_n_dlb\ghkle ~b\ gZijbdez® > @

:HHEje}glh\Zge aZkh[b jhal\fyam\Zggy azZz~Zq hil
azr"zZydsh ]Jh\hjblb ijh kmqgzZkge I_g”*_gp*€ m klI\hj_c
azZkh[e\ "ey jhal\fyam\Zggy jeagbo Ibie\ hilbfeazZp
jhajh[gbdb ihjy® a ljZz*"bpecgbfb GHVNWRS ijh]jzf
\k_ [*evr_ m\Z]b ijb”reeyxlv klVhjplgthk\ZgH& ofZjh
hje}glh\Zgbo - fh[-evgbo ijh]jZfgbo azZkhpjh[gBdbdhf
\erhfbo kbkl_f dhfifxl_jgh€ fzl_fzZlbdb KDF ODW
ODWKHPDWLFD ODSOH K} xbhiVZ g0 ZDH e hellbk yA Ty \
gh\e ZHKjr}glh\Zge KDF gZijbdez” 6DJH <k_ qZkler_ "
jhafesmxlvkyj Zikhijkb ey jhal\fyam\zZggy aZ”~Zq hilbfee
j_"bfeKWWSV PDWK VHPHVWU UX

MjZoh\mxgb aZagZq_ge* <" g™ gpegEbplihf Z\lhjZ
kijh_dlh\Zgh « klI\hj_&mjkHEDUWLFOH 6ZDUP 2SWLF
ey jha\fyam\zZggy azZ~Zqg hilbfeaZp+s€ aZ "hihfh]lhx 2
egl_e_dlm ahdj_fzZ dZghgeggh]lh jhch\h]h Ze]hjblfm
Je[jb™rge \ZjeZglbhaN\dgwajm\Zggy azZ~Zq g_i_j_j\gh€ -
hilbfeaZgKMWS LDV FKGWX H®X XD SVR

Dhgp_ipey klI\hj_ggykmjk®e 3DUWLFOH 6ZDUP ?
6HUYLFH i_j_"[ZqZ} sh dhjbkIim\ZdIp_larfhkm \i\n\lbldp_
peevh\m nmgdpex nmgdpe+€ h[f_~ _gv ijyfe h[f_~
\_ebgbgb gZeZrIm\Zlb hkgh\ge iZjzf_I|jb "ey jha\‘ﬂ
ahdj_fz jhafejgeklv jhx ]jZgbqge f_"¢ ijhklhjm ihr
a”sckg_ggy h[jZomgde\ Ibi a\fhgddfb fihx qZkdejdZz?
©deevp_2 ©\bizZz"dh\bc? e hljbfzZlb jha\fyahd az"Zz
dhjbklm\ZqZ nhjfe LZdh™ dhjbklm\Zgm fZ} [mIb gZ

_ley”m agZq_gv peevh\h€ nmgdp+€ gZ dh gec -l
a"-ckgx\ZIb \eamZecaZghkheijhBpkm jhch\bo Ze]thIf
"\ h\bfejgbo aZ”"Zq hilbfeaZp+*€ >ey ijh\_~_ggy gbk_e\
sh”~h ijzp_a~zZlghkle 1Z _n_dlb\ghkle jhch\bo Ze]hjblf
gZ[*j \*~hfbo | _klh\bo nmgdp-c Djef Ih]h j_km
[Z]1ZIhfh\gbf IbkdZ]Zevge \e~hfhkle ijh hkgh\lge jhch\e
I1Z fh eb\leklv €0 azZklhkm\Zggy “ey jhal\fyam\Zgc
hilbfeaZpecgbo azZz”Zq

K_j\_jgZ aqZklbgz kbkl_fb j_Zeecahjvdgkh\hgfixdlg
fhihx ijh]jZzfm\Zggy -DYD a \bdhjbklZggyf nj_cf\l
de}glkvdZ qzZklbgz \bdhjbK[etgh ZHKEPHOHDI hnhjfe
kbkl_fb a~eckg_gh a \bdhjbklZggyf nj_cfl\hjdm %RRW
[Zahx "Zgbo \bdhjbklh\m}Ivky nj_cf\hjd +LEHUQDWH

<bkgh\hdha\blhd f_Ih”e\ hilbfeaZpe+€ 1Z klI\hj_ggy
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j_ZeeaZpr®egbf a \Z eb\bo ¢ i_jki_dlb\gbo gzZijyfe\ ~h
]Zemae ijbdez”gh€ fZI_fZIbdb Ihfm ijh[e_fb €0 \b\qg_
fZc[mlgefb nZo+\pyfb \ ]Zemas+ sgnhjfZpecgbo I _oghel
Neyevghkle } ZdIimZevdhbhylZzaqghhx\mz~Z g _x

Kibkd \bdhjbklZgbo ~"_j_e
> fvygh\ < N G_"bnn_j_gpbjm_fZy hilbfl
<N>_fvygh\ E < <ZklFev_\GZmdz = k +
HilbfbaZpby b bkke_"~h\Zgb_ hi_jZpbc
*ROGEHUHQHWLF $OJRULWKPV LQ 6HDUFK 2
/HDUQDXIL G ( *RABHEBNEUQJ HBVANRGEG S
.HQQHG\ - 3DUWLFOH 6ZDUP 2SWLPL]DWLRC
(EHUKDUW > (£(QYWHIYUODWLRQDO &RQIHUMQFH F
SHUWK :$ $XVWUDO'IHF 1R GURBWHRI ,&117
,(QWHUQDWLRQDO &RQIHUH@FH(RQ IHPRUD@ 1HW
3
&OHUF 0 3DUWLFOH 6ZDUP 2SW++PRERWMHRQ
'LOHB7( /IWG = S
6XUHVK . DGBBWLDPH 362 $OJRWHG/KERRDO, B3
.DXVKLN 6XUHVK 6D\DQ *KRVK 'HEDUDWL .XQG?>
$MLWK $EUDKDP >, ((( (LIJIKWK ,QWHUQDWLR
6\WVWHPV "HVLJQ DQG $SSSORKIMWLRDV7DBZDQ
@ (LIJKWK ,QWHUQDWLRQDO &RQIHUHQF
'"HVLJQ DQG $S£SQ(I(FDWLRRXO/+3

oLumMboLoOoL 6 *UH\ :ROI 2SWLPL]JHU 6H)
ORKDPPDG OLUMDOLOL $QGUHZ /HZLV $GYDQF
*9RO +3

7U\XV < :HE VHUYLFH IRU VROYLQJ RSWLPL\
LQWHOOLJHQFH DOJRULWKPV >(OHFWURQLF UHV
*U\JRUL\ =DVSD ., \OQWHUQDWLRQDO &RQIHUHC
(QJLMQHLQJ 6FLHQFH &O0(67 ,70 HE RHORRQIHUH (
+ SUWLFOH 1XPEHU S+ $FFHVV PRGH KWWSV
FRQIHUHQFHYV RUJ DUWLFOHV LWPFRQI| S|

5HIHUHQFHV WUDQVODWHG DQG WUDQ\
'HPLR® 9 ) IHGLIIHUHQWFLUXHPDLD RS

GLIIHUHQWLDE®@H RSWLPHPDWQR® 409 OGIIDWNIHY
+ V£ 2SWLPL]DWFLLD L LVVAEHEBRWDLDLH RSHI
*ROGEHUHQHWLE $OJRULWKPV RQ 6lDBEKQHR

/JHDUQLQJ 'DYLG+bHIROL®PHUSE\CANRG S
.HQQHG\ - 3DUWLFOH 6ZDUP 2SWLPL]DWLRC
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(EHUKDUW >, ({(Q@HIUQDWLRQDO &RQIHUMQFH F
SHUWK :$ $XVWUDOILLF 1R& 3URFHHGLQJV RI
,QWHUQDWLRQDO &RQIHUH@FH(RQ MHORUD@ 1HW
3

&OHUF 0 3DUWLFOH 6ZDUP 2SW+PRERWMHRQ
'LOH®7( /WG = S

6XUHVK . DGBB3BRPSOIRULWKP IRU ,PSURYHG
.DXVKLN 6XUHVK 6D\DQ *KRVK 'HEDUDWL .XQG>

$MLWK $EUDKDP > ((( (LJIKWK ,QWHUQDWLR
6\WWHPV 'HVLJQ DQG $S:SSORKMWLADV7DEZADQ
@ (LJIKWK ,QWHUQDWLRQDO &RQIHUF
'HVLJIQ DQG $SSO(FDW+tRRO/+3
OLUMDOLOL 6 *UH\ :ROI 2SWLPL]JHU 6H)
ORKDPPDG OLUMDOLOL $QGUHZLUBHEHWLQYGEGRINE
+9RO +3

7U\XV < :HE VHUYLFH IRU VROYLQJ RSWLPL\
LQWHOOLJHQFH DOJRULWKPV >(OHFWURQLF UHV
*U\JRUL\ =DVSD ., . OWHUQDWLR@RO & R & WHKIRGE
(QJLQHHULQJ 6FLHQFH &O0(67 0 :HB RO &RQIH
+ SUWLFOH 1XPEHU S+ $FFHVV PRGH KWWSV
FRQIHUHQFHV RUJ DUWLFOHV LWPHARQI S|

SHFHLYHG ODWHYLVIHEG IRUP 0D\ §
0D\
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_gb_az”"Zq ebg_cgh]h ijh]jzffbjh\Zgby
k bklhevah\Zgb f 0$7/%$% b gZz~kljhcdb ©lhbkd j_r_¢
gZ ijbf_j_az~Zgb kh kf_rZggufb h]jZgbg_gbyfl

<Ze _glbgZ ;hjbkh\gzZ @pgdfyZezZz*bfbjh\gzZz Puf[Ze
DZn_"jZ bgnhjfZlbdb b ijbdez~gh]h ijh]jzffgh]lh h[_
Djb\hjh kdbc wdhghfbg_kdbc bgklbIml =<MA ©D
gZpbhgZevguc wdhghfbg_kdbc mgb\_jkbl_I bf_gb <z
me FopbgkdzZy Djb\bc Jh] MdjZbgZz
NKRWVNLQDBYEBRRQD YQMHMNWG#XNU QHW

:gghlZpbyw evx bkke_"h\\egbyky bamg_gb_ f_1Ih
hilbfbazpbb kh\j_f_gguo ijh]jZzffguo kj_"kI\ ih~" _j ¢
j_r_gbc k ihfhsvx kbkl_f dhff¥xlfxdbdb 0$7/$% b *18
2FWDYH Z 1zd _ IZ[ebqguo ijhp_kkhjh\ OLFURVRIW
AZ"ZqZ bkke #hdZgbwn kms_kl\mxsbo ih~oh”~h\ d j_ r_
ebg_cgh]lh ijh]jzffbjh\Zgby b hij_~_e_gbx hilbfZevg
H[t_dl bkke_~hxZApghpkk gZoh ~_gby hilbfZevgh]lh j_
azZz”"Zqgb ebg _cghlh ijh]jzifbpf\Z2gbkyke ~h¥Zgbywb
azZ"Zqgq ebg_cgh]h ijh]jzffbjh\zgby k bkihevah\Zgb f
0%7/3% *18 2FWDVYH gZ”kljhcdb ©lhbkd j_r_gby:?
dhfihg_glZz ©J_rZl_evFHLEDORIIGZ ijbf_j_ dhgdj lgh
khklz\e_gZ kbkl_fzZ g_jz\_gkl\ b ihkljh_gZ p_e_\Zy ni
nmgdpbb OLQSURJ iZd_I1Z 0$7/$% \uqgbkey_Ilky hilt
bkdhfuo g_ba\_klguo az”~zZqb b wdklj_fZevgh_ a
nmgdpbb :gZeh]bggh_hHkmsg klley Iky k bkihevah
iZzd_Iz *18 2FWDYH <ugbke_gby \uihegyxlky ijb ir
JOSN >Ze__ \uihegy_Iky j_r_gb_ ~Zgghc az”~zZqgb k i
06 ([FHO ©lhbkd j_r_gby? b ZgZeh]lbggh k ihfhs
©J_rZl_ev® [LEUHZ2IILFHaméevOEF|I_ <kjZ\g_gby j_ame
j_r_gby ihemqg_gguo ijb bkihevah\Zgbb jZaebgguo Kk
d \u\hm h Kkh\iz~_gbb j Janmevd¥ZlBlu bkke_ _"h\Zg
ieZzgbjm_Ilky h[h[sblv ijb \uiheg_gbb bg~"b\b"mZevg!
jZ[hl gZibkzZgbb d\ZebnbdZzZpebhglgdmo [BdfZ]bkl_jkd

jZ[hl
Dexqg_\u_ keh\&@bg_cgh_  ijh]jZffbjh\Zgb __ 0$7/
hilbfZzevgh_ j_r_gb_ p_e_\Zy nmgdpby \_dlhj h]jZ

gZ"kljhcdzZ ©lhbkd j_r_gby?
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9 % +RWVAK QD 7V\PEDP®YLQJ OLQHDU SURJUL
XVLQIO®MKSEY% DQG *)LQG VRARXWLRIQVKHWD GEGHO E\ |
D SUREOHP ZLWK PL[HG FRQVWUDLQWYV

$EVWUDKM.RI WKH UHVHDUFK OHDGV WR VW X(
PRGHUQ VRIWZDUH VROXWLRQV IRU GHFLVLRQ P
2FWDYH DWEHRWORDW Q[FHO DQG /LEUH2IIWHH/ RDOC
Rl WKHLYWXR\DQDO\]H H[LVWLQJ DSSURDFKHV W
SUREOHPV DQG WR GHWHURK®HREMH FR\S WL RMKM \X
SURFHVV RI ILQGLQJ WKOLRSW UPSORV B DK MLERR SF
VXEMHFW RLWKNROMLROG\WKH OLQHDU SURJUDPF
0$7/$% DQG *18 2FWDYH IXQFWLRQV O06RJIFPQG)L
WKH *6ROYHU" FRPSRQHQW RI WKH /LEUH2IILFH ¢
SUREOHP D V\WWHP RI LQHTXDOLWLHV LV FR
FRQVWUXFWHG 7KH OLQSURJ IXQFWLRQ RI WKF
RSWLPDO YDOXH DQG WKH H[WUHPH YDOXH RI
VROXWLRQ LV LPSOHPHQWHGSRVFNQJHW KHD O EX I
SHUIRUPHG XVLQJ WKH JOSN IXQFWLRQ 1H[W Z
3)LQG 6ROXWQRQ®QBGWKH *6ROYHU” FRPSRQHQW
'KHQ FRPSDULQJ WKH UHVXOWYV RI VROYLQIWVKH
DSOOLFDWLRQV ZH FDQ FR@HOXE\HX W WY WDNK K H F
SODQQHG WR EH JHQHUDOL]JHG IRU WKH SHUIR
FRXUVHZRUN ZULWLQJ TXDOLILFDWLRQ EDFKHOI

H\ZRUGWLQHDU SUR$U/MPPLRIWDPDO VROXWLF
IXQFWLRQ FRQVWUDLQW YHFWRRQM ([FHO 3)LQG ¢

$IILOLDWSRQWPIHRWUPIDWLFYV DQG DS\YOL G KV |
,QVWLWXWH RI (FRQRPLF RI 6+(, 3.\LY 1DWLRQD:
DIWHU 9DG\P +@W®FG®M. U\Y\L 5LK S8NUDLQ

( PDINKRWVNLQDBYEBRRQD QMG #XNU QHW

HilbfbaZpbhggu_ fh”_eb ijbf_gyxlky \ wdhghf
| _ogbq_kdhdZo p_ev ddihitjhg hilbfZevgh]lh \ dhgdj_ 1
mkeh\byo k[ZeZgkbjh\Zggh]h j_r_gby < khklz\ 0
2SWLPL]DWLRQ 7RROER] ij_"gZagZq_gguc "ey
g_ebg_cguo hilbfbazpbhgguo az~Zgq K ihfhsvx iZ«
bkihevamy nmgHdpPhbD2AEIVRQ 7RROER[ dhlhju_ iha\he
\u[jZggmx nmgdpbx gZ wnn_dlb\gh_ j_r_gb_ ihklz\
kms_kI\m_1I| \hafh ghklv [ukljh]h ihbkdZ hilbfZevgh]h
Bgl_jn_ck wlbo nmgdpbc ~hklZlhggh ]b[dbc \k_
h[jZzs_gb_ k i_jffgipehf \oh”*guo b \uoh?guo Zj]lmf_
aZ\bkbfhklb hl "Zgguo azZz~Zgb b bkdhfuo \_ebqgbg

Bkihevamy \hafh 'ghklb iZzd_1Z 0$7/$% |j_rbf az~Zz
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ijhljzffbjh\Zgby >ey balhlhle_gby kljhbl_evghlh

g_h[oh~bfh g_ [he__ d] \_s_kI\Z dpb\gs [Ke&zZ <
< _s_klI\h : fh gh ihemgblv ba "\mo fbg_jZeh\ d] i_
kh~_j bl ] ~im]h]h\_s_KkI\Z :

<_s_klI\h < ihemqgzxl 1Zd"_ ba ~\mo fbg_jZeh\
fbg_jZeZ kh™_j bl dE \lhdhhM s _kI\Z < H[sb_ azlj
fbg_jZeh\ "he gu khklZ\eylv d] ijbg_f jZzkoh#u i_j\
g_ f_g__ d] Klhbfhklv i_j\h]h fbg_jZeZ 1199 \1h

AzZ~Zgb_ hij_~ _eblv aZljZlu \uoh~guo fbg_jZeh\ |
kilhbfhklvx ba]Jhlh\e_gby kljhbl_evguo fZl_jbZeh\

< dZg\ kbkdhfuo g_ba\_klguooi giddleftrq fki\h i_j\h]h
fbg_jZezZ \ \_s c&kidhbebq_kl\h \Ihjh]h fbg_jZezZ \ \_s_k

o] od v
KhklzZ\bf kbkl_fm g_jZ\EgkI\O d ;
0 o ot
ot 2
P_e \Zy nmygdpby [ - PLQ

AZ"ZqZ ebg_tdgignhfbjh\Zgby khklhbl \ gZoh ™~ _gbb
[ dhlihjuc fbgbfbabjm_| p_e_\mx eb@’Addmx\ndiddpbx
dhwnnbpb_glh\ m~”h\e_I\hjyxsbc azZz~Zgguf ebg_cguf
g_jZ\_gkISEAf Eb jZ\_gkI$4A[ Bir Djhf_ Ihlh fhlml [ul\
ihklz\e_gu ~“\mklhjhggb_ ihdhfihg_glgu_ h]jZgbqg_gt
nhjf OE[” XE

< kj_™_0%$7/$% az”~Zqb ebg_cgh]h ijh]jzffbjh\Zgb
ihfhsvx nmgdpPki SURKIgh\gufb \oh”gufb ~Zggufb O
yleyxlky \_dlhj dhwnnbpbe gllhhc nmgdpbdEZljbpZ
hljZzgbg_gbjz\_gk$ \_dlhj ijZ\uo qgZkl_c h]jZzgbq
g_jZ\_gkI\fZljbpZ h]jZzghla)\ gblchht \_dlhj ijZ\uo qZkl_c
hljZzgbq_jgb\c gkidr \_dIBjEh]jZgbgb\Zklspplcam \ XdHh]j
hl]jZgbgb\zZxsdkdcjom \@ah”_ nmg@ip@BWURD hilbfZevgh _
agZq_g&dZ~"Zgb b wdklj _fZevgh_agZqg_gb_ p_e_\hc ni

oo 1

o o _]/2
% < ® ¥% OE®% ) [ [
° é

o

|O O@OOI

i

lhklzgh\dzZ az~Zqb \ khhiI\_Ilkl\bb k Ij_[h\Zgbyfb L
p_e_\mx nmgidpbtZljbpm we_ f_glZfb dhlhjhc y\eyx
dhwnnbpb_glu ijb g _ba\_klguo \ kbkl_f_ g<jzZ\_gk
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we_f_glzfb dhlhjh]lh yleyxlky azZ”~Zggu_ h]ljZgbt
g_h[oh”bfh Ivaz¥ZdIh@Ex \_dlhj h]jZgbq_gbc Bkdhft
agZq_gbyfb yleyxlky

Ihkdhevdm ebg_cgu_ h]jZgbg_gby “he'gu kh"_j Z
jZ\gh& Z \ mkeh\bb ijbkmlkI\m_1 h]jZzgbg_gb_ ©[hev
ke _"m_I \ g_jz\_gklI\_ kbkl_fu dhlhjh_jZdbg jodl_ [Zd
baf_gblv agzZdb h[_bo qzZkl_c >Zelijh]khfkhz\Ibf n?2
bkihevamy nnogdpdijRbBba\l_~_f \ugbke_gby

< j_amevlZl_j_ r_gby azZz”~Zqb k bkihevah\Zgb f
ihemgbeb bkdhfu_ @agZop gby AgZq_gb_ p_e_\hc nmg

lh~klZ\b\ ihemqg_ggu_oagdb®p_gbw bkohrgmx kbkl_fr
mjzZ\g_gbc b \ p_e_\mx nmgdpbx ihemqbf

o} od % d %
o] od - d o

¥4 ¥
(0] (0] o o

P_e_ \Zy nmgdpby [ : PLQ

Fzl_fZlbqgq_kdb_ izd_lu *18FEPBWBYIHhddmjbjmx| k iZ
ODWODE *18tRFMYDfZH"ey \uiheg_gby fZIl_fZlbg_kdbo j:
fghlhf kh\f_klbfZy k ODWODE HgZ yley_Iky m~h][
bgl jn_ckhf “ey j r gby ebg cguo b g ebg_cguo fzl _f
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Ilhke_~gyy \_j&kBy 2FWDYH \uims_gZij_ey lhnz
Bkihevamy \hafh ghkki8i2WDHYtbf jZkkfZljb\Z_fmx
azZz”"Zgm ebg_cgh]h ijh]jzffbjh\Zgby

Khlezkgh az”~Zgghfm mkeh\bx khklZ\e _gZ kbkl_
azZ"Zgb b nmgdpbx p_eb AZ~Zqb ebg_cghlh ijh]jzf
2FWDjYHZxlky k ihfhsvx nmbadpbboh~rgufb ~Zggufb
yleyxlkyk £ \ _dlhklhe[_p \dexqZxsbc dhwnnbpb_ gl
g_ba\_klguo nmgdpbb p_eb jzZafkjghkZv dheaebhjAl\m
g_ba\_kl@Quoazrzg+fZljbpz ijb g_ba\_klguo ba e_\hc
kbkl_fln]ljZzgbgq_gbc dhebq_klI\h kljhd fZljbpu jZ\gh
hljZzgbg_dobc Z dhebqg_kI\h klhe[ph\ kh\iz*Z_| k d
g_ba\_kl@ua\_dlhklhe[_p kh”_j bl k\h[h”"gu_ qge_gu Kk
hljZzgbg_gbc jzaf_jghklv \_dlhjz jZ\gZ dheb @EkI\m h
\dlhjklhe[_p jzZaf_jg®klkh”_j"Zsbc \_jogxx kbkl_
h]jZgbg_db®OE ih mfhegbdgb\x dlhljlhe[_p khklhysbc b
gme XB\_dlhklhe[_p jZaf_jQhkkid_j Zsbc gb gxx kbkl_f
hljZzgbg_gbcXE FW\SHfZkkb\ kbflheh\ jZaf_Qghklb
hij_ ~ _eyxsbc Ibi h]jZgbg_gby we_f_glu wlh]h \_
ijbgbfzlv h~rgh ba ke_"mxsbo agZldZgbg_¢h~ [m~"_|
ijhblghjbjh\ZzghthiBZgbq_gb_ k \_jog_c$ljZpbRLc
36’th]jZgbqgq_gb_ \ \b”~_ jBWL gkBlZ 3/£h]jZgb gb_ k
\_jog_c ljzZzgbplc [! EL 3'"+ Mhcgh_ h]jZgbqg_ghb
$L [ EL b$L [! EL YDUWANBKkb\ kbfitheh\ jZaf_jghk
Q dhlhjuc hij_~_ey_ | Ibi iLl§Kft\gsh&I\_ggZy i_j_ f _ggZz
3,"+p_ehqgbke_ggZy i_NHQMHY q_gb_ hij_"_eyxs__
az”"Zgb hilbfbaZabhdZqzZ fbgbfblaZzpBbZqzZz fZdkbfbazZpt
> @

KhklZ\bf nigbgzffm b ijb ihfhsb nhQ@8@jiba\_»~_f
\ugbke_gb_ bkdhfuo agZq_gbc

Bkihevah\zZ\ iZRAWDYH ~ey j_r_gby jZkkfZljb\Z_fhi
ihemgbeb agZq_gby goba\bkiguo Z agZq_gb_ p_e )\
nmgdp)bb



,661 Gh\elge dhfifxl_jge | _ogheh]«£€ L;9,

<uihegbf j_r_gb_ ~"Zgghc azZ”Zqb k ihfhsvx
ijhp_kkhjz 06 ([FHO bkihevamy gzZ~kljhcdm ©lhbkd

J r_gb_az”"zZqb gZqg_f k \W\h*Z \ yq_c¢dlggyBHO
Bfy g_ba\_klghc o \W_~_f ih Z*j_km <ihgZhjaknkIighc
<u”_ey_f p\_Ihf yg_cdb < b K \ dhlhju_ [m”ml \u\
g_ba\_klguo ihke_ \uiheg _gby j r _gby >Ze_ _ ih zZ"j_
p_e \hc nmgdpbb ©) 2 AgZq_gbpbbp_e hhoh*brilygd
\ugbkeblv ih az*Zgghc nhjfme_ b ihf_klIblv \ yq_c
nmgdpby \ugbkey |ky ih nhjfme_ < < K
g _ba\_klgu_ s g_hij_~ e gu j_amevlZl \ugbke gt

>Ze__ g_h[oh”bfh \A_klIb h]jZgbqg_gby KyZydezZ ih
ih~ibkv ~_ckl\by dhlhjh_ [m~_t@jpagbdligbys AZI_
\WW A~ f nhjfmeu ey \ugbke _gby h]jZgbg_gbc kbkl_ fu
W_~_f nhjfmem “ey \ugbke_gby i_j\h]lh g_jzZ\ zgkl\Z
\IThjhlh ih zZ~j #dmlv_]1h g_jzZ\_gkl\Zkmhxg”~j\_jlh]h

: < K J_amevlzZl :

< K J_amevlZl :

K J amevlZl :

. < J_amevlZl :

lh z~j_kzf < < < < g_h[oh”bfh \W\_klb agzZdb
khhi\_lkl\mxsb_ mkeh\bx azZz”~Zgb |Ih Z™M_kWAfkkb K
agZq_gby hl]jZzgbq_gbc gbkeZ mkeh\by azZz~Zqgb bk

<

Jbk Mkeh\by b h]jZg§Hgby \

>7Zggu_ b nhjfmeu 7~ey \uiheg_gby j_r_gby \\
\ugbke_gbc g_h[oh”~bfh bkihevah\Zlv nmgdpbx ([FHO
Dmjkhj mklzgh\blv \ y§ ddnm <gZ JnhjfmeZ p_e_\hc nn
>Ze _ \uihegblv ke _"mxsb_ "~ ckl\by \ ([FHO \uJj
©>Zggu_? izjzf_lj ©lhbkd j_r_gby® Ihy\ley I|ky "b:
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©1zZjzf_lju ihbkdz j_r_gby® L_i_jv jZ[hlZ_f k wlbf
hdghf 1_j\uc izjzf_lj kh ddlhjlh~bfh gzZqzZlw jZ[hl
iZzjzf_Ifilbfbabjh\Zlv p_e_\mx nmgdgbyzZq_g “ey \u[l
Z™j_kZ yq_cdb p_e_\hc nmgdpbb dhlhjmx g_h[oh”Dbf
Lzd dzd i_j_» bklhevah\Zgb f nmgdpbb fu mklZgh\be
1" gZoh”blky nhjfrnuegd k®eeygbly p_e \hc nmgdpbb |
\ugbke _ggh]h agZq_gby \u[jZgghc yq_cdb p_e_\hc ni
\ hdg_ iZjzfzlj% l1Zjzf_*hij_"~gZagZq_g "ey \u[h
gZijZ\e_gby d q_fm klj_fblky p_e \Zy nmgdpby FZc
AgZq_gby G_h[ohZkHth mkkpeh\bx k”*_eZlv \u[hj mlk
dmjkhj \ iheh' FlgdbfmflZzjzf_Baf_gyy yg_cdb i_j_f_gc
ij_"gZagZq_g "“ey mdZaZgby "“bzZiZzahgZ yq__d aZz
agZq_gbc g_ba\_klguo o o WIlh ~bZiZahg yg _d %
khhi\_Ikl\bb kgtblgZzgbyfp "gZagZq_g “ey \\h*Z h]jZg
Dmjkhj mklzgz\eb\Z_Iky \ hdgh wlh]h izZzjzf_ljz b *
gZ Zlv dgbkid@\blv

Ilhke_ gZ Zlby dghjdbblyZz wdjzZzg_ ihyley_Ilky h
>h[Z\e_gb_ hljZgby_ghhy_ iZjZzfKldedZ gZ yq_cdt
g_hpa*tbfh \\_klb Z~j_k nhjfmeu i_j\h]lh g_jzZ\_gkl\zZz
ihe_ ]~_ mdZau\Z_Iky agZd h]jZgbg_gby jZkdjulv
gm-guc khl]ezZzkgh mkeh\bx agZd h]jZzgbg_gby AZzI_f
H]jZgbqg \ghjizlv Z*j_k agZq_gby i_j\h]h h]jZgbe gby
gZ Zlv gZ dgh[diblv

I _j\h_ g_jzZ\_gkl\h kbkl_fu h[jZ[hlZgh :gZeh]bqg

g_h[oh”bfh \uihegblv kh \lhjuf [Ij_Ivbf b g_I\_jluf g_
gZ Zlv dgbhhd@\blby aZihegblv ihey iZjzf_Iljh\ hdgz £
ihke_"~g__ hdgh gZMEIvHRDIghGdZ wdjZzg_ ihyley_lky

1ZjZf_lju ihbkdzZ j_r <gbyne_ izZjzf<IjkhhI\_IklI\bb k
hljZgbqg_gbhlfz" gu \k_ g _jZ\_gkl\Z \ujZ° _ggu_ q_
ijbeh™_gby ([FHO > @

Ke_"mxsbf rzl]hf gZzoh ~_gby hilbfZevgh]h j_r_gby
\u[hj f_ITh~Z ihbjkd _gby >ey wlh]lh \ ihe<ujZjglf _1jz
f_Ih™ j_r_gbjwkdjulv dghidm b ba ihy\b\r_]hky kibk
Ilhbkd j_r_gby ebg_cguo azZz~Zq kbfiZedk fg |h{fdfi~bfl
gZ Zlv gz d@idib j_r_gjbk GZ wdjzZg_ ihyley_Ilk
J_ameviZliukdiZb j_r_gyzdlb\guf izZjzf KjhdjZzgblv
gZc”_ggh_ j_r_gb_

< gbg_c gZklb hdgZ \u\_"~_gh khh[s_gb_ J_r_gkt
h]JZgbq gby b mkeh\by h||bfZevgthb \uiheg_gu
j_r_gby b khojZg_gby j_amevlZlZ g_h[oh”~bfh gz ZI
eka(_[FHO ihdZzaZgu \ugbke_ggao_ joamewWblAlpZzg_gb _
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p_e_\hc nmygdpbbjbk

Jbk 1ZjzZf_lju gz~kljhcdb ©lhbkd j_r_gby?

Ih~klZ\b\ ihemqg_ggu_oagadg _gby bkoh”gmx kbkl_fr
mjZ\g_gbc b \ p_e_\mx nmgdpbx ihemqbf

o} od d v
o] od - d o

EZ Y4
(0] (0] o o

P e \Zy nmygdpby [ : PLQ
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Jbk J _amevliZlu hilbfbazZpbb

J_ r_gb_ ~Zgghc az~zZqb 1zd _ fh gh \uihegblv
IZ[ebggh]h ijhp_kkhjZz &DOF dhlhjuc/L&tb2 1L FHh |
Dhfihg_gl ©J _rzZl _ev?® iha\hey | j_ rZlv mjzZ\g _gby
g_ba\_klgufb k ihfhsvx f_Ilh”*h\ j_r_gby h[jZlguo aZ’
bgl_Jljbjh\zg \ /LEUH2IILFH b ZdIb\bjm_Iky ba imgd
J_rZl_ev DhfzgnrzZz K_jWwkev hldjul\ZR]HMthZ hdgh
©J_rZl_ev® <uihegyy jZ[hlm k wlbf hdghf \ ihe
g_hJoh”~bfh \\_klb KkhhI\_IklI\mxsmx bgnhjfZpbx b g:
©J_rblva® jbk

Jbk BkihevahVZEWH2&DBH

GZ wdjzZg_ ihyley_ Iky "bZeh]h\h_ hdgh ©J_amevlz
mki_rghf azZ\_jr_gbb ijhp_kkZz j_r_gby b i
khhi\_lklI\mxsbf agZq_gbx p_e_\hc nmgdpbb > @ C
/[LEUHZ2IILFH &DOF \u\_~_gu ihemqg_ggu o agdq_gby
o] Z lZzd"_ agZq_gb_ p_e )\hc nmgdpbb

J r_gb_ ihklzZ\e_gghc azZ”~Zqb \uiheg _gh k ihf
0%7/3% azl_f k bkihevah\zZgb_f izd_1Z 2FWDYH
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\uiheg_gh k ihfhsvx ijbeh _gby 06 ([FHO b "Ze_
[Z[ebggh]lh ijhp_kkhjZz /LEUKPAIgBH iR®ME _ggu_ ij
j_r_gbb agZqg_gby g _ba\_klguo b agZg_gb_ p_e_\h
kr_ezZlv \u\h® qglh \k_ qg_luj_ kj_"kI\Z j_r_gby ~Zxl
j_amevlzl | _ gZc”™_gh hilbfZevgh_ j_r_gb_

J ameviZlu ihemqg_ggu_ ijb bkihevah\Zgblh izZd_
2FWDYH 1Z[ebgguo ijhp_kkhjh\ 06 ([FHO b /LEUH2
k"_ezZlv \u\h”™ h ijZ\bevghklb \u[hjZ f_Ih~Z j_r_gby
az”"zZqb

Kibkhd bkihevah\Zgguo bklhggbdh\
gmnjb_\ 7B 03$7/%$% GZb[he__ ihegh_ jmdh\
B?:gmnjb_\; :Kfbjgh\ @Kfbjgh\ZKI[ ;04_1_j[mj]
t k

:dmebgEB FzZI_fZlbg_kdh_ ijh]jzffbjh\zZgb_ \ ijb
azZz”"ZqZo :dMEedtq B<ukrZy rdhezz k

<Zkbev_\ NbgzZgkh\h_ fh”*_ebjh\Zgb_ b |
ki ~"kI\Zfb ([FHO<Zkbev +KI[ Ibl_j * k

IZ\emrbgZ: <L _ogheh]lby jZ[hlu \ /JLEUHZ2IILFH
ijhp_kkhj :ULWHU IZ[ebgguc ijhp_kkhj &DOF
IZ\emrbgZ JyaZzg Jhlbfml ?k_gbgdyazZgv =
k

5HIHUHQFHV WUDQVODWHG DQG WUDQ\
$QXIULHY , ( 0$7/$% 1IDLEROHH SROQRH |
7KH PRVW FRPSOHWHG PDQXDO@ (S
(1 6PLUQRGBE  %3KWHUEXHWJ V ,Q 5XVVLDQ
$NXOLFK ODWHPDWLFKHVNRH SURJUDPPLURY
]JDGDFKDNK >0DWKHPDWLFLDQ SURJUDPPLQJ Z
$NXOLFKO 9\WVKDLD VKNRQ®D ,Q 5XVVLDQ
9DVLOHY $ )LQDQVRYRH PRGHOLURYDQLH L
YLQDQFLDO PRGHOLQJ DQG RSWLPL]DWLRQ Z
63E 3LWHU V ,Q 5XVVLDQ
3DYOXVKLQD 9 $ 7HNKQRORJLLD UDERW\
SURWFHVVRU :ULWHU WDEOLFKQ\L SURWFHVV]
JLEUH2IIWAMWHU WH[W SURFHVVRU &DOF VSU}
3DYOXYKSEQD5LD]DQW IRV 6X@ ¢$BHDIDYXD = V
,Q 5XVVLDQ

SHFHLYHG $SULO LQ UHYLVHG IRUP
0D\
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Hk\elgec ihjlZe ~eyldim~high[eb\bfb hk\slgefb ihlj_ [Zf

<edlhjey <Zkbes\gZ XaZqudeh”bfbje\g'Z /qdZeh
><GA ©Djb\hjeavdbc gZpehgZevgbc mge\_jkbl

\me<elZesy FZImk_\bBgZb\bc ] Mdjz€gZ
YLNWRUL\D WNDFKXD # DBBIXBEER P

:ghlZyeF_IZ*hkee""_ghppwjh[dZ I_hj_Ibggbo IZ f_lh"b
azZkz”™ ijh_dIim\zZggy ¢ \bdhjbklZggy hk\elgvh]h ihjlZe
hkh[eb\bfb hk\elgefb ihIAZ\ZElggy "hkee*™e[ghhb
Z~ZilZpecge aZkh[b 1DL jhajh[blb f_Ih”"bqgge j_dhf
\bdhjbklZggy "ey kmijh\h*m gzZ\qzZggy kim”_gle\ sa hi
ihlj_[Zfb \bdhgZlb egl_JljZpex Z~ZilZpecgbo azZkh[e\
gZ\gZevgh€ ~eyevghkle \ hk\elgadhmm\ G b hl€ dk[Zdle
"hkees”" _glgk\elgec ihjlZe "ey kIm~_gle\ azZdeZ"e\ \l|
l[j_~f_I ~hkee”" _pglRYylgec ihjlZze ~ey kim~_gle\ a hkl
hk\elgefb ihlj_[ZXbamevIZIb ~hkee~k\Ggvggy <c
\bdhjbklZggy \ hk\elgvhfm ijhpsk€ ahkdeldb mkliblgvh]
ihjlzem "ey kim~_gle\ a hkh[eb\bfb ihlj_[Zfb “ha\f
fZdkbfZevgh jharbjblb hohie_ggy hke[ a hkh[eb\b
hklelhx sh \erjh\erZ} €0 fh eb\hklyf « ihlj_[Zf
kim~_glzf a hkh[eb\bfb hk\elgefb \hd| gl@ffbkiaZ¥gbo .
egrbfb kim~_glzZfb IZ hkh[eb\bo hk\elgeo ihlj_[ klI\h]j
mfh\b 7~ey |j_ZeeaZpe+€ egdexablgh]l]h gZ\gZggy |jh
j_]Imeype+€ ijhp_km gl _]jZpe€ e+gdexas€ klm~_gle\ a
ihlj_[Zfb

Dexqgh\e kehik\edgichjlZRIm~_glb ea hkh[eb\bfb hk\e
ihlj_[ZfDb

9 9 TNDFKXX9 <HFKNOHGRFDWLRQDO SRUWDO |
ZLWK VSHFLDO HGXFDWLRQDO QHHGYV

$SEVWUDHVWHDUFKGHYH@RSPHQW RI WKHRUHWL
SULQFLSOHV RI GHVLIHGROEBDWQE& QO GBR WKBIO |F
VSHFLDO HGXFBMAMHRQWEK RHMMINF MR RWY DGDSWLY
WR GHYHORS RI PHWKRGLFDO UHFRPPHQGDWLR(
WUDLQLQJ RI VWXGHQWY ZLWK VSHRIZDDGHG XWHD/MW
WRROV LQWR WKH HGXFDWLRQDO SR2EMHF\NIRK
UHVHDHGEKFDWLRQDO SRUWDO IRU VWXGHQWYV |
6XEMHFW RI HIGIWHDVUIFKQDO SRUWDO IRU VWXGH(
QHHE&EW XOWYV RI WKUHHHODMMHRMUBPKR G XVH HGXFDWLR
ZLWK VSHFLDO QHHGYV LQ HGXFDWLRQDO SURFHYV
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DOORZ WR PD[LPL]H WKH HGXFDWLRQ V FRYHUL
DFFRUGDQFH IDBMXOWWHHY BRG QHHGYV WR JXDUL
HGXFDWLRQDO QHHGV WKH VDWLVIDFWLRQ RI FF
WR FUHDWH RSWLPDO FRQGLWLRQV IRU WKH LP¢
GHYHORS D PHFKDQLVP IRWYURIXQW WIQDWLIRK SR
VSHFLDO HGXFDWLRQDO QHHGV

H\ZRUGMGXFDWLRQDO SRUWDO VWXGHQWYV Zl

$IILOLDWIRQO©.U\Y\L 5LK 1DWLRQD®LW®IOAMU
ODWXVHWBK\Y\L 5LK S8NUDLQH

( PDLYALNWRUL\D WNDFKX®#DMFKN#EFRPDLO FRP

Jhal\blhd egdexab\gh€ hk\elb } h~ge}x a gZc\Z
mkiergh€ khpeZecaZpe+€ ih\ghpeggh€ mqgzZkle \ “blle ki
kzfhj_ZeeaZpe+€ « kZfhjhalbldm hke[ a hkh[eb\bfb i
\brZbjhn_kecgh€ ¢ khpeZevgh€ "“eyevghkle >ey hj]Z¢
mfh\ egdexab\gh€ \bsh€ hk\elb g _h[oe*ge [_a[Z]T}ig_
Z"Zilb\gbo hk\elgeo ijh]jzf kbkl_fz~zikbodgh]lh
f_~bgghlh 1Z lvxlhjkvdh]h kmijh\h*m Z"Zhlk\Zge ~b
| ogheh]«€ kbkl _fb e _dljhggh]h gZ\gzZggy “hih\
l[jZzZ"bpecgbo 1Z sggh\Zpecgbo f_Ih”e\ gZ\qZggy M Kk
dh ghfm azZdez”s \bsh€ hk\elb A<H fZ} [mlb klI\hj_g
hk\elgec ihjlZe sh ~Z} fh eb\eklv faZz[dkgngbidd edha «x
kiIm~_gle\ a hkh[eb\bfb hk\elgefb ihlj_[Zfb HHI H~"g
egkljmf_gle\ sh azZ[_ai_gm} mfh\b klI\hj_ggy IzZdt
i_"Z]lhleqgZ |_ogheh]ey fh[eevgh]h gZ\qZggy

:dimZevgeklv aZagZq_gh€ ijh[e_fb ~_fhgkljmxlv j_
azZjm[e gh]@\*lgbagygl@hk\e*m gzZ\qZggy fheh”e a hkh
ihlj_[Zfb Ydsh m k\ele ekgm} ijZdlbdZ aZklhkm\Zggy
m azZzdezZ”Zo \bsh€ hk\elb |h \ MdjZ€ge ebr_ \ hdj_fl
ijbree_gh m\zZ]m ijh[e_fzf -gde)Zpe€fH&hé¢e a hkh[eb
ihlj_[Zfb \ hk\elg} k_j_"h\bs_ A<H

Jhajh[dZ I_hj_Ibqgbo 1z f_lh*"bqgbo azkz” ijt
\bdhjbklZzggy hk\elgvh]h ihjlZem “ey klm”_gle\ a HH
f_lhx

iazZ[_ai_gq_ggy Z"ZilZpe€ dh gh]lh kim”~ _glZ a HH
ijhp_km A<H IZ kiI\hj_ggy hilbfZevgbo ki_peZevgbo m
ydekgh€ hk\elb

iazZ[_ai_q_ggy }™ghkle hk\elgvh]h ijhklhjm kim~*_
a\bqgqZcgbfb kim~_glzfb

iaz[_ai_q_ggy je\gbo fh eb\hkl_c "~ey khpeZevgt
hljbfZggy \bsh€ HkWwllglk\ a HHI g_aZe_ "gh \«* 0Zj
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kilmi_gy h[f_"_gv a”hjh\fy fekpy ijh b\Zggy klZl-
khpeZevgh]lh klZImkm lhsh
iazZ[_ai_qgq_ggy \ZjeZlb\ghkle ¢ jeaghfZgelghkle
ijhljzf < hjlZgeazZpecgbo nhjf gzZ\qZggy fh eb\hkl
hk\elgeo ijh]jZf jeagbo je\ge\ kdezZ~ghkle « kijyfh\Zghl
HHI kim”~_gle\
>hky]lg_ggy f_Ib ihlj_[m} jhal\ffyaZzggy gZklmigbo a
[jh\_KklIb |_hj_ibdimheh]eggbc ZgZe-a ijh[
ijh_dim\zZggy hk\eslgvh]h ihjlZem A<H
Jhajh[blb hkgé\fgeglb f_Ih~"bqgh€ kbkl_fb \bdhijt
hk\elgvhlh ihjlZem A<H “ey hljbfZggy \bsh€ hk\elb
jha\bldm kim” _gle\ a HHI
>e[jZlb ZNZilZpecge aZkh[b dbhrh gfdemodgbo
I_ogheh]ec 1DL jhajh[blb f_Ilh”*bgge j_dhf_g”~Z
\bdhjbXkdggy ey kmijh\h*m gzZ\qZggy klm~_gle\ ea HHI
<bdhgZlb gl _ljZpex Z"ZilZpecgbo aZkh[e\ 11
gZ\gZevgh€ "eyevghkle \ hk\elgvhfm ihjlZee A<H
?dki_jbf_glZevgh i_j_\ejblb _n_dIlb\geklv hdj_fb
kijh_dlh\Zgh]h hk\eslgvh]h ihjlZem A<H
M o~ \bdhgZggy “hkee""_ggy i_j_"[ZqZ}Ivky
tkl\hj_ggy gh\bo fh[eevgbo aZkh[s\ gZ\gqZggy
fh~r_eyfb “hklimim
tjhajh[dZz f_Ih~bdb \bdhjbklZggy hk\elgvh]lh ihjlZ
ierljbfdb gZ\qZggy kim”~_gle\ a HHI
+fh”_jgeazZpey f_Ih*bggbo kbkhnfg@§zZigdlZewgbo I.
hdj_fbo ijhn_kecgh hje}glh\Zgbo "bkpbieeg i*"]hlh
nZoe\pe\ a mjZom\zZggyf ozZjzdl_jm < kimi_gy h[f_"_
ijh b\Zggy klzZle gZp+<€ fh\b khpeZevgh]h klZImkm
thgh\le_ggy f_lh~bdb ijh_dIim\Zgg@e--hkrehgkdnhjlgle
a HHI
tjhajh[dZ fh”_e_c¢c Z~Zilb\gh]lh gZ\qZggy mijZ\e+g
gZ\qZevgh€ ~eyevghkle hke[ a HHkK\W\ bgwnthfijfZk ¢ ghh\bs
A<H
AZoh”b sh fZxlv [mlb a*eckg_ge* aZ”ey kl\hj_ggy
"ey kim~™ _gle\ a>H®BA @Djb\hjeavdbc gZpehgZevgbc m
gZ\_"_ge* \ IZ[ledp2"_gh€ g2 hk@h\-
HI"_ kI\hj_ggy ¢ \bdhjbklZggy \ hk\elgvhfm i
hk\elgvh]lh ihjlZem ~ey klm”_gle\ a hkh[eb\bfb ihlj_[Z
jhajh[blb f_Ih~*bqgge j_dhf bgdhdpk€Zgagy hk\elgvh’
ihjlZzem yd aZkh[m is~ljbfdb gZ\qZggy kim~”_gle\ a HH
jhajh[blb f_Ilh~bqge j_dhf_g~Zpe<€ e<a \bdhjbklZ¢



,661 Gh\elge dhfifxl_jge | _ogheh]«£€ L;9,

ihjlZzem A<H

fzdkbfZzevgh jharbjblb hohie_ggy hke[
\eNih\e~rZ} €0 fh eb\hklyf o ihlj_[Zf

aZ@i_qgblb dh ghfm kim”~_glm a HHI je\gbo mfh\ a
hk\elb

1ZjZglm\ZIb kIim~ _glzf a HHI aZ”h\he_ggy Kkiee
kim~_glzfb 1Z hkh[eb\bo hk\elgeo ihlj_[ kl\hjblb hilbf
j_ZeeaZpe+€ egdexab\gh]h gZ\qZggy

jhajh[blb f_oZjgeafeypes€ ijhp_km e+gl _]jZp-€
kim~_gle\ a HHI

kiIVhjblb mfh\b « klbfmex\ZIb eggh\Zpecgbc jha\bl
hk\elgvh€ kbkl_fb fh”_jgeam\Zlb f_oZgeafb \aZ}fh”"e€
kbkl_fe egdexab\gh€ hk\elb

a HHI

LZ[ebpy

KIVhj _ggy hk\elghhllhdem ~ey klm~_gle\ a HHI

m><GA ©Djb\hjeavdbc
Hibk aZoh?e\

gZpehgZevgbc mge\_jkbl
J ameviZlb aZoh”ne\

Jhajh[dZ Iheh  _ggy ijh g
\eIm m ><GA ODjb\hjegva
gbc mge\_jkbl_12

ilehedb\gogwg yh kjh <gd:
detrd pmh ><GA j@®\yb\h
dbc gZpehgZevgbklc mge\_

HE

Mkmg_ggy dhfmgedZp-clgb
gbo i_j_rdh”® sh az\zZ'gw
i j_km\Zggx hke[ a h[f_ab
ghbb fh eb\hklyfb msijdg¥yo
a“eckgx}lvky gZ\qZggy

KiIhiZjogy_d [_a[Z]j
kj\WbVvbsZ m >@0p
o\bjfadibec gZpehgZevgbc m
\_kb_12

Jhajh[dZ ghjfZIb\e\ gbk _pe
eelle\ ~ey kiI\hj_ggy mfh\
HHI
jhabke A<H IZ[ij gy dhrle\
ih\ergh "h ghjfZIb\e\

vyhdjeiki_ ggy pbor ihkz?
riZlghm jhaibke A

aZdjeie_ggy pbo igHA™ mfaZlgy dhrle\ifhen

\eth ~h falb\e\

KI\hj_ggy m gZ¥qZkVvigdg
\eMege A<H je*jha”eem "¢
f IThr"bggh]h kmijh\h"m klm

Kmijh\e® kim~_gle)
y_lgpx\qEeviglgpeZp+€ c *g
A ighee\aZ prB1 ijhp_km gz
qzZggy
GZ\qZevVgllh~"bggbc
gZdibc kmijh\e€ ZgeAN
gbo ijpg4f «a jeagbo
phe-g

~bk

Jhajh[dZ f_oZgeafe\ gdtes
]*gh€ ie”Mljbfdb hkh[Zf *a

$God” 48y ikboheh]eqgh€
[jbfdb hkh[ZHHM& i
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Hibk aZoh”e\ J ameviZlb aZoh”ne\

gZdZggy m A<H gZk @iZggy m A<H

<klZgh\e _ggy a\fyade\ A
kvdib hjl]ZgeaZpeyfb IdliZzay

<Kl evigZphfEAXH #A"]jh
kvdils hjlZgeaZpey

xlv egl_j_kb hke[ a HHI ij_’klZayxlv egl_
hke[ a HHI
Jhajh[dz f_Ih”"bd "bn_j_|A*eckg_ggy "oet\l g
i*oh”m ~h ijhp_km gZ\gX/@dphh cielph "m ~*h
\Zgy j*\gy aZlZevgbo < |gZdZgy c hpegx\Zggy je°\

dhf | _glghkl_c kim~_gédb

a yh RZpgvb o ijhn_k

fb ihlj_[Zfb dhi_I_gdghk cklim”_

a hkh[eb\bFp Bfb
Ijh\_"*_ggy aZ]Zevghmge|>eyevgeklv \bd
f Th"heh]eqgbo k_fegZje¥ leiyffhbdlgZz gZ -<gl_

ge\ a iblZgv +gl_JljZp-+€ ki
elAbfb ihlj [Zfb m ijh@Zdyg

kg be\ ,ahlkkli¢ b\bfb ih
A\ [Zb m ijhp_k gZ\qZggy

l*~Thlh\dZ c \b”"Zggy §4dh
"bgh€ ee<l_jZImjb jhdpgsd
gbo ijh]ljzf gZz\qZggy kim~*

pZteNhdhgy _e_dljhggbo
A gk o ZmanhZe
X la\HKil_ peZevgh€ g¢gZ
gZehf_|h~"bh§ ejd_
Inmb "ey kim”~ gle\ a HHI

\bdhjbklZggy hk\elgvh]h
ijh "h\" _ggy m gZijyfe
fhleevghkle

ljbr[Zggy Kki_p-e*Ze-«ah\jZddhH

Jh az[_ai_q_ggy "ey g¢Z
hkhdb\bfb ihlj_[Zfb

kbigh]bklZggpeadaihz
gbo dhfifxl_jgbo
Ney gZ\gqZggy Kklr
hkhdb\bfb hk\elgefb ih
lj [Zfb gZ\qZevgbo Zm”*b

>hkeen® I _hj_Ibggbo
ihj
€0 k

—-99y

gZ"ZgglZtklan HHI

Iheyo « [[eshl_dZo A<H

[
b

Iz f_lh*"bgqgbo azkz”"
[Zem "ey kIm~_gle\ a
bkl _fgh€ gl _]jZp+*€ g9gZ
Ahkimim ~h azZkh[e\ ¢

mijZ\eeggy 1Z i*"ljbfdb gZ\qZevgh€ ~eyevghkle a \bdh
| _ogheh]ec afeklh\h]l]h gZih\g_ggy \keo kdeZ”™h\bc
hk\elgvh]lh ihjlZzem 2ey HHI [IZ i_j_oh”m \er qgZKkl|
\bdhjbklZggy ofldgbxh \e~ih\ergbo kbkl_f

Kibkhd \bdhjbklZgbo ~"_j_e
Am[jbpvdZz F H AZ]Zevgbc ZgZeea aZdhgh”z\
ijZ\ hke[ *a hkh[eb\bfb ihlj_[Zfb m kbkl_fe \bsh€ hk\e
j_kmjkkZjey Am[jbp¥ddexab\gZ hk\elZ ~ey ~elf c a h
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ihlj_[Zfb \ MdjZ€ge +J_"bf "hklImKWWBZHGXFDWLRQ
LQFORXREYSHARQWIRGW |]DJIDGIQMXBURIVFKX
RVYGWK
ljh \bsm hk\elm AZdhg M®jZze&gbec<dljhggbc j_km]j
<_joh\gz Jz~Z Md3IDE@b +J_"bf ~hklimim
KWWS ]DNRQ UDGD JRY XD ODZV VKRZ
Khnec G A Dhgp_ilmZevge Zki_dlb egdexak
Khn«@ A GZc"Z X F lgdexab\gZ rdhezZ hkh[eb\h
mijZ\esggy gzZ\qZevgh f _Ih*bqgbc ZBkZ[gbd: Dt
Khne«®@ A GZc”Z X F 1Z g aZ az] jtD >Zgbe gd
k
LdZgmd < < DeZkbnedZpey kim”_gle\ <GA a hkl
ihlj_[Zfb <edlhjey LdZgmd Xeey J/gqdZeh Fz
Fe'gZjh~gh€ gZj@dhbhgh€jggithgn_j_gp+€ ©L_g~_gp:
i_jki_dIb\b jha\bldm gZmdb « hk\lelb \ mfh\Zo ]Jeh[Ze
ijZpVvAl _j _yke@Y _evgbpvdbcA<bi *K
7TXUNLQIJWRQ & 7KH (QF\FORSHGLD RI /HDL
7XUNLQJWRQ +RWPHU PRY IVRRINZ RBNX )DFWV
JLOH %;,9 S

5HIHUHQFHV WUDQVODWHG DQG WUDQ\
=XEU\WVND 0 2 =DKDOQ\L DQDOL] ]DNRQRGE
RVLE L] RVREO\Y\P\ SRWUHEDP\ X VIVWHPL Y\VKF
WKH OHJLVODWLYH SURYLVLRQ RI WKH ULJKWV R
Rl KLJKHU HGXERWLR QUM \WVRRAHFW@ ODULLD =XE
RVYLWD GOLD GLWHL ] RVRE@\Y\P+tSRMHBR/EEP\ Y
KWWS ZZZ HGRPDBWLRI) FRP ZS

FRQWHQW GRFV ] K3 UIROVGR RMBYDLQADYO G]R F
,@NUDLQLDQ

3UR Y\VRK¥FXXWX =DNRQ 8NUDLQ\ >$ERXW +L
/DZ RI 8NUDLQ®#,@x(OHFWURQLF UHVRXUFH@ O9H!
+ >, @ + $FFHVV PRGH
KWWS ]DNRQ UDGD JRY XQ ®B DD IMXRYQ

BRILL 1 = .RQW WHISWY XID@ONOL O[VBQRL RVYLV

DVSHFWV RI LQFOXVLYH HGXFDWLRQ@ 6RILL 1
VKNROD RVREO\YRVWL RUKDQL]DWVLL WD XS
SRVLEQ\N .ROXSDLHYD $ $ 6RILL=D ]®K 1DHG
'DQ\OHQNR / , = V,Q 8NUDLQLDQ

7NDFKXN 9 9 .ODV\V\ILNDWVLLD VWXGHQWLY
SRWUHEDP\ >&ODVVLILFDWLRQ RI VWXGHQWV :
9LNWRULLD 7NDFKXN <XOLLD <HFKNDIDWRRGQRDY
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QDXNBYBNW\FKQRNR Q HUHQOQHMWL ©7HQGHQWVL]
URJY\WNX QDXN\ L RVYLW\ Y XPRYDNK KOREDC
3HUHLIKPHIDQ\WVNALI\S +6 ,Q 8NUDLQLDQ

7XUNLQJWRQ & 7KH (QBFIORIS HGAIDE LR L YWHLCH
7XUNLQJWRQ -RWHPHIU +PLQ VRKRINZ RBNYW  )DFWYV
JLOH +£:,9 s

SHFHLYHGULO LQ UHYLVHG IRUP $SUL
0D\
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NZilZpey “"baZcgm kZclm
Ney ex”™ ¢ ca ihjmdhgegnhfihkijbcgylly

'ggZ FboZcee\gZ #hhgld K_j]*€\gZ Feglec
DZn_"jZ «gnhjfZlbdb 1Z ijbdez”~gh€ fZl_fZIbdl

Djb\hjeavdbc ~_j Z\gbc i_~Z]h]legqgbc mge\_jkb
ij =2]1ZjegZ fDjb\bc Je] Mdjz€gz
VWLIBIJPDLO ERPPQQMIPDERP

:ghlZpe¥ |hx ~hkee”” }ghybk ijh[e_fb jhajh[db \_
"baZcgm ”"ey ex”_c a ihjmr_ggyfb dhAe¥hpgogkdjbcgy
"hkee~" glgyhagZchfe_ggy a <kgmxqgbfb Ze]lhjblfzf
ihjmr_gv dhevhjhkijbcgylly 1Z ihrmd gZc[eevr \e”ih\e
fhr_e_c 7NeyYeeaZpe€ neevljm\Zggy Kkiejldpfpldthfevhjs
"hkee""_yghhg\ jlZpey dheejgbo fhr_e _c IZ Ze]lhjblf r
lj_~f_Ihf "hkee~"} dghh”b \bagZq_ggy kiejgMokdhléwhje
"hkee™” _gh ijh[e_fb ex”"_c ea jeaghbfb \brZfb
dhevhjhkijblyggy jhaleygmlh hkgh\ge iheh™ _ggy
ljbdhfihg_glgh]h ahjm h[%jmglh\Zgh g_h[os*ge*klv
dheejgbo fh”_e _c¢c "h sgrbo gZ\_~ gh nbBiRafab _dhg\ |l
"h+6/fh~_es kbkl_fZlbah\Zgh Ze]lhjblfb efelZpe€ |Z
dhevhje\jemgbo \b"Zo “bojhfzZlbafm ijhlZghis€ ~ ¢
ljblZzghis¥ _amevlZlb "hkeeféZgowyivky \bdhjbklZIlb i
jhajh[pe kbkl_fb Z~ZilZpe«€ ~“baZcgm kZclm ”"ey ex”.
dhevhjhkijbcgylly

Dexgh\s kemMZevihgeaf dheesjgZ fb&aZeg \ |

$0 +RUORS OLQWISIGDSWLQJ ZHEVLWH GHVLJQ
FRORAWLQGQHVV

$EVWUBRFWLP Rl MMKWRKMEBEVFULSWLRQ RI SUR
ZHE GHVLJQ IRU SHRSOH 72U R EAVRFOFRAJL ¥ EDIWQRT QWM
IDP LWOLUMYL Q WEKIHWK[LWLQJ DOJRULWKPV RI VLPXOI
VHDUFKLQJ WKH PRVW DSSURSULDWHGALRGR W HG
FRORUWEMRFWEKH LIWWW&H FRQYHUWDWLRQ RI
DOJRULWKPV RKNKXEWH DWW LAROIQWK B BAMKFEG YV RI1 UH
GLVSXWHGQFRRRAMMXGL QY WKL BOMRIEGHPV RI FR
SHRSOH H[DPLQHG WKH EDVLF FRQFHSWV RI V
VXEVWDWQMHBPWRGIAKD QJLQJ GLIIHUHQW W\SHV R
IRUPXODV FRQYHUWBWRORQ PRPHGRWRU +BRGH
VIVWHPBWH]W®JRULWKPV RI LPLWDWLRQ DQG IL
W\V\SHV RI GLFKURPDF\ SURWDQRSTZRH GHIXWX B WV
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VWX®\H SODQQHG RYRQW RIGBIGEOWLQJ ZHEVLW
ZLWK FRORU EOLQGQHVYV
.H\ZRUGARERUQOG/RHWYZ DUH HOB HY H HQ
$IILOLDMWSBRQWPHQW Rl &RPSXWHU 6FLHQFH D
LU\Y\L 5LK 6WDWH 3HGDJRJLFD O$8H.IUX MBEI/K W\
S8NUDLQH
(PDLONLIBJPDLO EREPQDMIPDERP

Al**gh@> ©egdexab\g_ gZ\qZggy fZ} ihdjZsblb
k_j_~h\bs_ azZ[_ai_qblb ihlj_[b \keo mgge\ a ih\Z]hx
I1Z fh eb\hkl_c? <jZoh\mxqgpebsavdhkgHeh\ede\ o
"eghd fZxlv dheesjgm keesihlm NZevlhgeaf Am°_
ijh_dim\Zgges "baZcgm kZclm \jZoh\m\ZIb ijh[e_fb ex
dhevhjhkijbcgylly

Ale~gh Ijbdhfihg_glgh€ 1_hje€ dhevhjh\h]h ahjm
= _flhevpzZ  \kf_ihgy dhevhjhkijbcgylly ih\fyazZges a \
i*]f_glm Ibo gb *grbo dhe[hghd > @

<erhfe Ijb Ibib ~_n_dle\ dhevhjh\h]h ahjm
l[jbojhfzZlbaf ~bojhfzZlbaf « fhghojhfZlbaf

Hkh[zf a ZghfZevgbf IljbojhfzZlbafhf ~ey kijbcgyl
ihlje[ge *egeevdmkls hkgh\gbo dhevhje\ ge¢ ex”bge [_a
ijZ\beh ZghfZevgbc ljbojhfZlbaf ijhyley}lvky m nhjfe
N cl_jzZghfz@<-€ >

M ijhlzghfZ®x~bgb sh kljz ~Z} ijhlZgkfze pixl
i*]f_glmdhe[hghd m gZkee"hd qgh]lhh\«gmie NhklZNgv
g_j\hgbo lhge\ \eZklb\bo “h\]ho\bevh\hfm k\elem

M ~_cl_jzZzghfZe+€ aghb _gZ gmleb\eklv "h a_e_gbo
"ey k_j_"gvholbevh\h]h k\elez sh } j_amevlZlhf |
0 dhe[hghd

ljh1zghfz~m ihlje[gh [sevr_ gq_j\hghdhghjfZ ewdbfg e
dhevhjhkijbcgyllyf zZ ~ ct[tBgyhfZrnme gh]lh

Ex~yf yde kljZz'~"Zxlv "bojhfZlbafhf ~ey \e¢"|\h]
\enlegde\ dhevhje\ ihlje[ge \kvh]h ~\Z dhevhjb Z g_
ex"yf a ghjfZevgbf dhevhjh\bf ahjhf Jeaghfvb~gfb ~
N _cl_jzghisy ijhlZghiey 1Z 1ljblZghisy sh \byleyxly
agb” _gge* gmleb\hkle ~h a_e_gh]h g_j\hgh]lh ¢ Kk
\eNrih\e~rgh

ljhlZghigyihjmr_ggy Kkijbcgylly g_j\hgh]h dhevhjm
lzdbf ihjmr_ggyf kijbcfzZxlv qg_j\hgbc dhewe=jg |_fg
ih}*gm}livky aal_dgbgbf Idhghgg_\bf Z ata&e gbcleh
kejbf “h\lbf k@Hpthqg_ \bd® >
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> _cl_jZghidyymr_ggy kijbcgylly a_e_gh]lh dhevhjm
IZdbf ihjmr_ggyf a_e_gbc dheej ih}"ghiZlj\Zgyg avbk\ele
jh™_\bf Z\ggbta a_e_gbf IZzdh\dgh \bd >

JenrdekgZ Ilj_ly nhjfZz "bojhfZlbafm lzd a\zZgz
j_amevlZlhf \e~rkmlghkle dhlé[lggmd 6 LjblZghib ih]Z
jhajeagyxlv kbgec ¢ "hllbc dhevhjb \hgb [ZqgZIv e
a_e _gbc c iemlZxkvje hr\kbges \e@gdb >

FhghojhfzZlkaih\gZ \e~*kmlgeklv fh eb\hkle kijbcfzl
ydbc egrbc dheej djef [*eh]h qghjgh]h I@ \e~legde\ kej

>ey |lh]lh Z[b jhajh[eylb \_jke€ “baZcgm kZclm
NZevlihgeafhf g_h[oe?gh kihgZldmagefhfh eb\2IBbjb
"Zevlihgeafm >ey pvh]h <kgm} ki_peZevgbc Ze]lhjblf
dheejgh€ fh0'6 e~

M kelde\pe agZoh”ylvky dhe[hqdb Ijvho \b”e\ dh
gmleb\eklv ~h k\eleZ i_\gh€ ~h\'bgb >Zge+ dhe[hqgdb
gZa\Wdn0 / aZe_"gh \«*» "h\"bgb o\bee+ k\eleZ >ey ljbdh
ahjm <kgm} dhee+jgZ fh”_ev sh gZcdjZsbf gbghf \e’
kijbcfZzggy dhevhjm ex”~kvdbf hdhf Py dheesjgzZ fh"
/06 :e_ "ey ih~Zevrbo jhajZomgde\ + \e*h[jZ _gg
g_hloergdhjbklh\m\ZIb 1Zde dhevhjh\e ko_fb yde ¢
ijhklhje >ey pe}€ peee fh5*%iffceély hkdeevdb \h
ij_~klz\ey} kh[hx \e*h[jZ _ggy ljvho hkgh\gbo dhevhj
gZr_ hddHGUHHED XHLhJ[Ih kihgzldm g_h[os"gh \L
dhgllZpex B*%fh~_es 06 fhr_ee azZ ~hihfh]lhx gzZklim
fZljbpe > @

. 4
I L @&asamsiV)

5 $
GZklmigbf djhdhf g_h[oe”gh \bdhgZlb i_j_I\hj_gg
agzZq/8e fh~_es "h agZq_gv a jeagbfb \br"Zfb ~Zevlhg
& r té&ituv Ftavtwz

>ey ijhlZghilE r S r /
5 r r S 5

libdeZn «felZps€ ijhlZghis€ gZ\ [* gh gZ jbk
“x s r r .

>ey N"_cl_jZ4his€a{vt r savzu/
5 r s S 5

ljbdezZ" ofelZpe€ ~ cl_jZghis€ gZ\_~ gh gZ jbk
GZ hklZzggvhfm _1Zie g _h[oe”*gh a”eckgblbOBhg\_jlz
fhnr _ee5™BAfhN e



lgnhjfZpeaghfmgedZpecge |_ogheh]e€ \ hk\ele

\
Jbk Z ah[jZ _ggy “ey ex"bgb [_a "Zevlihgeafm |
ex”bgb ea ijhlZzghie}x \ ah[jZ _ggy “ey ex”bgb «a

lekey fh” _ex\Zggy g_h[oe*gbo dhevhje\ fh gZ ¢
\Z2 dbf ~ey kijbcgyllybdmdeég fZc[mlgvh]h kZclm "ey ¢
ihjmr_ggyf dhevhjhkijbcgylly



,661 Gh\elge dhfifxl_jge | _ogheh]«£€ L;9,

ljbgpbi neevljZpe€ ihfbehd KWBRE}yWdshagZoh”ylvk
[ebavdh h”bg [sey h”gh]lh ¢ fZxlv nhgh\e dhevhjb ZJ[t
sh [m*mlv dhgneedIm\Zlb m ex”"bgb ao*ZghlHgdafh
dhevhjb aZfegblb gZ «gre dhevhjb a “himklbfh]lh ki_c¢

>ey lhlh Z[b azZfegblb dheej g_h[o+Bdhh&\ efgmlibk

+6/fh~_ev fZ} [sevr eh]eqg_ my\e g§y%dreZvggm
dheejgz fh~_ev ij_"klZ\e_gZ IljvhfzZz ozZjzdl kjkklbdzZf
dhevhjh\bf lhghf IZ k\elehlhx ykdjZ\*klx LZdm dhe
ajmggh \bdhjbklh\m\ZIb ~ey neevljZpe€ ki_dljm
ij_~klz\e_gZ m \bley”e dheZ jbk

Jbk Dhee«jgZ fh*6kv

Q j_a p_ "m _ ajmggh agZoh”blb ijhlbe_"gbc dh
Ilhlh  Z[b i_j_&MWfd~_es #B/fh”_ee g_h[oe”*gh \bdhg
dhg\_jlZpex \bdhjbklh\qub ngImlg- nhjfmeb

EB#: L4

(xrlurmEAgrla “J@RS$

¢ A?» EB-: L4

1
*forU—/Eomeuxra —1@08%
A)) 7] .
¢ rlumgstr%EB#. L)
erlu;EijE;Egtvrla EB#: LS
CERAEAG

575’);E°N>;EAQ
.L—G./#. E/+0;
N 0%; tfZdkbfmf a Ijvho &gZdo g, 1 tfegefmf avHp
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agZq_9v % ++lhg > 6@8yZkbqg_geklv/>ykd®pZ\eklv
k\elehlz > @

lekey ofelZpe€ ihjmr_gv dhevhjhkijbcgylly 1Z nee\
fh gz i_j_oh~blb ~h ijh_dIm\Zggy 1Z jhajh[db kbk!
"bazZzcgm kZclm ~eyihgmr_gggf dhevhjhkijbcgylly s
gZijyfhf ihrZevrbo "hkee®" _gv

Kibkhd \bdhjbklZgbo ~ _j e

/JHH $Q $GDSWLYBIVHG]B\WWHP WR 6LPXODW
&RPSHQVDWH &RORU %OLQGQHVV >(OHFWURQLF
3LQKHLUR GRMWBIQWRWH G L&RIFBS XQH.@® HH U+ Q J
9RO *+ ,VV -BQ3 + $FFHVV PRGH
KWWSV DU[LY RUJ SGI SGI

6FKLIIPDQ + 5 6HQVDWLRQ DQG 3HUFHSWLF
+DUYH\ 5LFKDUG BWRK(GRBWBE@®UN -RKQ :LOH\ ¢

+ S
Ikbohnbabheh]by mq_[gbd Ney \mah\
X B:e_dkzZgnjh\Z bafKI] Ibl_j k

Sh 1Zd_ egdexab\gZ hk\elZ" >?e_dljhggbc j_kmj
hk\elZ ~ey "el _c a *g\Zes€geklx \tMdjBf ~hkimim
KWWS  HBGXFOYMLRQHWIRNGIN R KR L\ D

5HIHUHQFHV WUDQVODWHG DQG WUDQ\

/JHH $Q $GDSWLYBIVHG]6\WWHP WR 6LPXODW
&RPSHQVDWH &RORU %OLQGQHVV/HHOHA®ORQLW
3LQKHLUR GRV 6DQWRV $L QMG JQD WHIHEH &R $ X V
9RO + ,VV -BQ3 + $FFHVV PRGH
KWWSV DU[LY RUJ SGI SGI

6FKLIIPDQ + 5 BHQVDWLRQ DQG 3HUFHSWLF
+DUYHFEDUG 6FKMEKPDERHWHRQEXRUN -RKQ :LOH\

+ S

3VLNKRIL]JLRORJLLD >3V\FKRSK\VLRORJ\@ X
X , $SOHNWDOGRGUSSEE 3LWHU V ,Q 5XVVLDQ

6KFKR WDNH L@NOWDONYS®MXDRY LV LQFOXVL
>(OHFWURQLF UHVRXUFH@ ,QNOLX]J\YQD RVYLW

+$FFHVV PRGH KWW BEO XVGE& X FDARNGIN R KR| L\ D
,Q 8NUDLQLDQ

SHFHLYHG $SULO LBIYHYAVHG IRBPHS
$SULO
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Jhajh[dZ \_Kkmjkm ~ey ihrmdm gh\bg

He _dkzZg”j K_jlJDbohXegh\
DZn_"jZ «gnhjfZlibdb 1Z ijbdez”~gh€ fZIl_fzZlbdl
Djb\hjeavdbc ~_j Z\gbc i_~Z]lh]leqgbc mges\_jkb|
ij =Z]1ZjegZ Djbf\ibc Je] Mdjz€gZz
NRYDOMRWNYVH DRDERP

:ghlZpey _Ihx “hkee?" Jggijh_dim\Zggy 1Z |j_Ze-a
gh\bggh]h ihjlZem a \bdhjbklzZzggyf f_IhPX*"ZgZdébam
Ahkeen _@dggyijhzgzZeeam\Zlb <kgmxqge gh\bgge ihjlZes
ZgZeesam |_dklm sh ~bhihgZydbxbv kibeeklbggm ijbgZe_
[_dkim 1Z klmiegv koh hkle azZ afekllgiZjtegdd\le_Aled ez
skgmxqgbo jer_gv \bagzZgblb f_Ih® ZgZeeam |I_dkIim 1Z
“h gh\bggh]h ihjlZzem 1Z chljthajimddpe&_j\_jgm qgZklb
sgnhjfZegh]lh ihjlZe ydbc [m~_ \bdhjbklh\m\Zlb
k_fzZglbgqgbc ZgZeea "ey \bagZqg_ggy hilbfZevgh]h
H[N}dlhf “hkee"7} gjdwpo _k nmgdpehgm\Zggy gh\bggh]h
lj_~f _Ihf "hkee”"}dogyh”b ZgZeeam | _dklm \bagZq_ g
|_dklm 1Z Z\dagggy kImi_ge koh hkle azZ afeklhf jeag
j_ZesaZpe+€ gh\bgghlh ihjlZem < jh[hle ijh\_~_gh ZgZ
kbkl_fZlbazZpey "hkee”” gv a f _Ih”e\ ZgZeeam | _
gh\bggh]h ihjlZemevIZIb ~hked®Zgmgylvky maz]Zevg
"eywhjfm\Zggy j_dhf_g*"4pZesdZ@mh\bggh]lh ihjlZem

Dexgh\se kehg@\bggbc ihjlZze ZgZeea |_dKkl

2 6 .RYDORWORSPHQWURINBXHEH IRU QHZV VH

$EVWUEBWRI WKH VWXG\ LV WR GHVLJQ DQG L
XVLQJ HAMWKRGY RI WHI[\RWEMMFOINY MV IRIHWK H V
DQDO\]H WKH H[LVWLQJ QHZV SRUWDOV DQG P
GHWHUPLQH WKH VW\OLVWLF DIILQLW\ RI WKH W
FRQWHQW RI YDWR FOAMMHH WKH PHWKRG RI DQDO
EH XVHG EDVHG RQ WKH DQDO\VLV RI H[LVWL
UHTXLUHPHQWY WR WKH QHZW FSBUWW B O RSO0 VMW
DQ LQIRUPDWLRQ SRUWDO WKDW \Z RO®HXAHU BN
RSWLPDO QHZWREMBEWKRINEMAMHDSBERFHVY RI IXQF
QHZV SRUWDOMHKWM RLVW WKHDPRWKRGY IRU DQD
GHILQLQJ WKH VXEMHFW PDWWHU RI WKH WH[W I
IQ WKH FRQWHQW RI YDULRXV WH[WV DW WKH QH
JHQHUDOL]DWLRQ DQG V\WVWHPDWL]DWLRQ RI UF
WH[WV LQ WKH QHZV SRUWDO GHYHORSRXBO®W RD



lgnhjfZpeaghfmgedZpecge |_ogheh]e€ \ hk\ele

VWO®H SODQQHG WR EH JHQHUDOL]HG WR IRUPX
SRUWDO GHVLJQ
.H\ZRUGHZV SRUWDO DQDO\VLV WH[W
$IILOLDMSBRQWPHQW Rl &RPSXWHU 6FLHQFH D
LU\Y\L 5LK 6WDWH 3HGDJRJLFD O$8H.IUX MBEI/K W\
S8NUDLQH
(PDLO NRYDO\RY DOHNVDQGU #JPDLO FRP

lkgm} \_ebdZ deevdeklkmligt\jgydtle \qZkgh 1Z vy
egnhjfmxlv quZqZ k\«"bfb gh\bgzfb :e_ "h"_g a
egnhjfm\ZIlb m ih\ghfm h[kyae+ gh\bgZfb a mked kn_j
kZclb yde ki_peZeeamxlvky gZ _dhghfeqggbo gh\bgZo
egnhjfmxlv ijh gZz~a\bqZcge ih*«€ [ kZclb vyde fZdkl
jhadZ mlv ijh kihjl Z[h iheeslbdm Lhfm dhjbkim\Z
j_]Imeyjgh i_j_ley”"Zlb h”*jZam ~_dedyfZlIjp Kmpkm\ g2&h
imevke ih~ec a mkeo kn_j LZdh  i_j Jey™ h”"jZam "_
dhjbkim\zZgm fh eb\eklv ihje\gx\ZIb vyd jeage j_kmjkb
c Im kam gh\bgm yd r\b~rdh \hgb j_Z]mxlv gZ ih”"e€ |
k_[_ i_\ge \bkgh\dllb]fnh(zgfh\bggbc ihjlze ydbc feklblv
gh\bgb a jeagbo " _j e } "m” _ dhjbkgbf "ey ex”bghb
dmjke \keo ih”ec
_j_leygm\rb mke ckgmxqge jer_ggy pe}€ ijh[e_fb fl
1gl_joj_lkmj&K@HZKWWSY ZZZ DQHZV FR® KADjegp3Z ]
"Zghlh gh\bggh]lh ihjlZem im[eedmxlvky aZ]lheh\dk
hklZggeo gh\bg *a jeagbo " _j_ e jbk >ey i_j_ley
gh\bgm sh gZk aZp+sdZ\beZ lekey i_j_oh”m gZ klhj
aZ]heh\hd ah[jZz _ggy dhjhldglhbc IZ dki_jghkibeZggy ¢
_j\bgg_ _j_eh Ih\gbc | _dkl gh\bgb } "hkimigbf eb
gZ kzcl i_j\bggh]lh ~° _j_eZ sh } g_ ~m _ ajmqgbf Z
“ey Ihlh sh[ ijhgblZlb gh\bgm dhjbkim\Zgm ihlje[g
egrbc kzZcl Z~Zilm\zldprkwve i*DazZcg 1Z kljmdIimjm kZc
ki\hjx} i _\ge g _ajmqgghkle “ey ex”"bghb
S _ h”bg gh\bggbc ihjlZe ydbc [meh)ipHSgZRPAMA
KWWSV I[IOLSERDUG FRP Sh[ ihgzlb qgblzlb gh
kihgzZldm g_h[oes~gh m\eclb m k\ekhighZheegblo"d-j€ a .
kzf )DFHERRNWWRHRUOHK [h azZj_}kljm\Zlbky gq_j_a _e_
ihrim Thfm ~Zg_ jer_ggy IZdh™ g_ } hilbfZevgbf jbk
:gZe+a ijh\_~ gbo gZ kvh]h~ge "hkee~" _gv \dZam
dhj_dlghlh nmgdpehgm\Zggy gh\bgghlhje[ghhjlZe
\bdhjbklh\m\ZIb h~*bg a f_Ih”e\ ZgZeeam |I_dklm GZ
f_ Ih~hf ZgZeeam [|_dkle\ sh ~hihfz]zxlv \bagZqt
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ijbgzZze_"geklv I_dklm Z IZdh  \bagZgblb kimiegv koh"
| _dkle\ } eZlk doflydibggbc Z2g@e-a

Jbk I hj$ZeH ZV

Jbk lhj)J@e SERDUG

Hkgh\gbfb peeyfb \bdedlklglgayZglbggh]h ZgZesam
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jhajh[pe gh\bgghl]lh ihjlZem }

taZ[_ai_q_ggy gblzqz ke« bfb gh\bgzfb a
"bll}reyevghkle

thljbfZggy fh eb\hkle ijhihgm\Zlb bgblzZight dgh\

| _ fZlbdb sh « gh\bgzZ ydm \eg i_j lJey”Z}

thljbfZggy fh eb\hkle ijhihgm\ZIlb gblZgm i_j_Jley
gh\bgm a egrbo ~"_j e aZ”ey ihje\gyggy 1Z fh‘e \h]h
ih~jh[bpv

EZI _glghfZglbggbc ZgZe-a sh \bdhjbklzZgh ~e
ghbggh]h ihjlZzem fzZ} gZklmige i_j_\Z]b

+f_Ih~ '} gZcdjZsbf "~ey \byle_ggy eZl_glgbo
mk_j_~bge fgh bgb “hdmf_gle\

+f_Ih~ fh™_ [mlb aZklhkh\Zgbc yd a gzZ\qzZggyf 1z
gZijbdez™ "ey deZkl_jbazZp-€

t\bkhdZ lhqgeklv j_amlevIdl -\

>ey j_ZeecaZp+€ jhajh[db k_j\ _jgh€ qZklbgb gh\bg
h[jZzghRGMWY ieZlnhjfm a \e~djblbfsdhéBAfZdl_jbam}lvk
Izdbfb \eZklIb\hklyfb

+tZkbgojhggZ h”rghihlhdh\zZz fh”_ev \bdhgZggy aZib

g _[ehdmxgbc \\e” \b\en

tkbkl_fE"mes\ &RPPRQ-6

tjmrec -DYD6FULSW @RRJOH 9

>ey d_jm\Zggy fh*meyfb \bdhjbklh\m}Ivky iZd_Ilgb
>ey alhjm g_h[oe"gh€ egrkiphfiZgh€ dmelh \bdhjbklZgh
iZzd_| UDY @>ey j_ZecaZpe-€keZZgihghh]l]h ZgZeeam
\bdhidZgh Ze]hjblf ki Kddlmg_ggy keh\Z ~h hkgh\b r
\erdb”Zggy “hihfe'gbo qgZklbg I1Zdbo yd aZdegqg_gg
Zelhjblf [meh him[eedh\Zgh FZjleghf Ihjl_jhf m jhi
kbglmeyjghlh jhadezZ”m qzZklhlgh€ fZljbpge[[emnkh_tndhj
QXPHULF MV >ey a[_j*lZggy g_h[oe*gh€ sgnhjfZpe£€
SRVWJUHbBAT}dIgheypecgm KM;> ydZ i*ljbfm} [Z]Z
"Zgbo ahdj _fzZ -621 ydbc } g _h[os*gbf "ey ajmqgh]t

ljh~ _fhgkljm}fh 2~ _yde j_amewlXib\ jjgh€ gzZklbgl
gh\bggh]lh ihjlZzem 1la fZzkb\m j_amevliZle\ [meh h[jZg
ijbdez~b kihgzZldm \b\_~_gh "\2ddk\hbghkdbéZdhr nepe
€0 koh hkle K ameviZle\ \brgh sh ZgZeea ijZpx} "
e Neckgh \bagahlelVdzZfb gh\bg gZkdeevdb pe gh\bgl

M j_amevlZle [meh ijhZgZeecah\Zgh <kgmxqge jer_g¢
h[jZzgh hilbfZevgbc f_Ih® ZgZeesam I|I_dklm jhajh[e_
k_j\_jgm qgZklbd&mj\dkm "ey hilbfZzevgh]h ihrmdm
GZklmigbf _I1zZmhf_ [jhajh[dZ 1Z j_ZeeaZpey dec}glkyv
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gh\bggh]h ihjlZem
Ihjhr_gdh hnbpbZevgh ijbgye h[jZs_gb_ d <k_e_gkdhfm iZljbZjom h[ Z\lhd_nZevghc p_jd\b \ MdjZb
Ihjhr_gdh :\Ihd_nZeby mdjZbgkdhc g_pwhbhdhgqZl_evgZy g_aZ\bkbfhklv hl Jhkkbb

Ihjhr_gdh :\Ihd_nZeby mdjZbgkdhc g_wdhbhdhgqzl_evgZy g_az\bkbfhklv hl Jhkkbb
Jhkkbckdbce I_jjhj \ MdjZbg_ Ihjhr_gdh jZkkdZaZe h khj\Zgguo ieZgZo Dj_fey

Jhkkbckdbce 1_jjhj \ Mdjzbg_ lhjhr_gdh jZkkdZaZe h khj\Zgguo ieZgZo Dj_fey
BaaZ ihrebggZ bfihjl k_jghc dbkehlu \ MdjZbg_ fh _I \ujZklb dmjk "hapfjZre _ggbdb

Jbk > fhgkljZpey jhN[igh€ qZklbgb gh\bgghlh ihj

Kibkhd \bdhjbklZgbo ~_j e
IDQGDXHU 7 ,QWURGXFWLRQ WR /DWHQW
/DQGDXHW : 3HR\CHV] 'DUUHOO /DKDP +'LVEBRXUV]
9RO *,VVXH 4XDQWLWDWLYH $SSURDFKHY WR ¢
3 +'2

Fbgz \ < : F Ih~u \uyle _gby eZl _glghc b
bgnhjfzpbb \ |_dklhduof_d¢lZo >We_dljhgguc j_Kkr
<: Fbgz \ B > Dhjhe_\ B : Dbke_gdh L ogheh
[_ahiZkghklb +«< + kxJ_"bf "hkiImKIVW3$SV

QDUREWE WWEI

1RGH MV >(OHFWUR Q\INF+ U HVRXUWOF H @F F PAVX/Q
PRGHKWWSVY XN ZLNLSHGLD RUJ Z LQGH[ SKS"WI

[UD\ QSP >(OHFWURQEF UHEBRXRHWM@ PRGH
KWWZZVZQ SPMR/B D FNDUB\

SRUWHUS$Q DOJRULWKP IRU (OHFW UMNQUESSHY
0 ) 3RUWMHBRIWDOP +*9RO *1R +3 +'2,
KWWSV GRL RUJ tHE $FFHVYV PRGH
KWWS ZZZ FV RGX HGX aMEROOHQ ,5 UHDGLQJ

5HIHUHQFHV WUDQVODWHG DQG WUDQ\

/IDQGDXHU 7 ,QWURGXFWLRQ WR /DWHQW
/IDQGDXHU 3HWHU : )ROW] 'DUUHOO+*/DKBRP |
9RO +,VVXH 4XDQWLWDWLYH $SSURDFKHY WR ¢
3 +'2,

OLQDHY 9 $ OHWRG\ Y\LDYOHQLLD ODWHQW:(
WHNVWRY\NK GFONXWPHRGWDNRU ODWHQW DQG Q
GHWHFWLRQ LQ WHIWFVWRRXPE® QWHAGR U FGILQDH
,' .RUROHY , $ .LVOHQNR U B RK QR-{JR SIDLV QR

+¢ + V+$FFHVV PRWWS DQ®WRG UX WWE

WWE SGI
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1RGH MV >(OHFWURQLF UHYRXUF H @F F HVX/Q\ 1
PRGHKWWSYV XN ZLNLSHGLD RUJ Z LQGH[ SKS"WL

[UD\ QSP >(OHFWURQEF UHVBKRHFW@ PRGH
KWWS\ZQ S PRR/S D F NDUBI\

BRUWHUS$Q DOJRULWKP IRU (\OXIFMW URQUESISH g
0) 3RUWHBIUDP +9RO 1R =*3 +'2,
KWWSV GRL RUJ tHE $FFHVYV PRGH
KWWS ZZZ FV RGX HGX aMEROOHQ ,5 UHDGLQJ

SHFHLYHG $SULO L@SWHOYLVHG [IRRJAPHS)
$SULO
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Kbkl _fZ ORRGOH
yd aZke[ i*~]hlh\db nZos\pe\ khpeh&héeqgbo ijhn

ljbgZ <Zkbees\gZ EN\JWwpA K _jle€\gZ :jfZr
>fbljh /\]_gh\bqg ;h[be}\
DzZn_njz fzZI_fZlbdb 1Z f_Ih~"bdb €€ gZ\qZggy
Djb\hjeavdbc ~_j Z\gbc i_~Z]h]egqgbc mge\_jkb
ij =Z]1Zj*gZ Djbf\ibc Je] MdjZ€gZ
OLUL¥BMN®DERPDUPDWXPDERP GP\WURERE\OLHY#JPI
:g"Njec <Ze_jech\bqg DjZkghshd
DZn_"jZ khpimhéighlZjgbo “bkpbieeg Djb\hjeavdbc n
>geijhi_ljh\kvdh]lh ~_j Z\gh]lh mge\_jkbl_Im \gmljer
fedjhjZchg AZjeqgbc f Djb\bc Je] MdjZH
DQGIL NUDVQRVFKHN#\DQGH][ XD

:ghlZpeyF_Ihx “~hkee”"_ggyijh_dIim\Zgg®yRGOH
hje}glh\Zgh]h \JImZevgh]h gZ\gZevgh]lh k_j_"~h\b
isr"lhlh\db nZoes\p*\ khpehghfeghddZgjhtb Kdcke}*" ggy
ZgZe+sa fh eb\hkl_c \esjlmZevgh]h gZ\gZevgh]h k_j_"
mfh\ nhjfm\Zggy nZoh\bo dhfi_Il_glghkl_c fZc[ml
fZl_fZlbdb egnhjfZibdb 1Z fZc[rld}a bhjfo RheRee”"_ggy
} ijhp_k nhjfm\Zggy nZoh\bo dhfi_| _glghkl_<€\ fZc|[n
khpehghfegqgbo ijHp edhf ~hkee<”" JggwdhjbklZggy
kbkl_flORRGQH ijhp_ke nhjfm\Zggy khpgEekplggh€
dhfi_|_glghkle fZc[mlgeo nZoes\pe\ khpehghfeqgbo ijh
ijh\_~ _gh ZgZeesa maZ]Zevg_ggy |Z kbkl_fZ4ebdBpex
\bdhjbklZggy kORRG®@HyZ\qZevgec "“eyevghkle A<H
_dki_jbf_glZevg_ \ijh\Z~" _ggy dmjke\ ~bklZgpecg
kbkl _fhkRRG Oy hpegdb _n_dlb\ghkle \bdhjbklZggy
gZ\gZevghlh k_j_"h\bsZ ORRGOH yd azZkhjm ie"
khpehghfeqgbo ijhn_kec aziezgh\Zgh ijh\_"_ggy
_dki_jbf _gdmameviZlb ~hkeeifeZgogy}lvky maZzZ]Zevghbl
j_dhf_g~"Zpe+€ sh”h \bdhjbklZggy kbkl_fb ORRGOH vy
nZoes\pe\ khpehghfeqgbo ijhn_kec

Dexgh\s keh\¥jimZevg_ ewgyqg\qgzk j "h\bs_ ORRG
egnhjfZpedphmgedZpecge |I_ogheh]*€ gZ\qZggy i*"*]h
khpehghfeggbo ijhn_kec



lgnhjfZpeaghfmgedZpecge |_ogheh]e€ \ hk\ele

,9 IRYLDQRYD 7 6$UPDVK ' < %RE\O\HY
$9 UDVQRVKFKRNMRRGOH V\VWHP DV D WUDLQLQ
Rl VRFLRQRPHLVVERQV

$QQRWIOWHRISXUSRVH IRV W RHGHW XED DHIR R GOW
OHDUQLQJ HQYLURQPHQW DV D WUDLQLQJ WR
SURIHVIVHKIR @HVHDUFK WDWNH VR WR B OAWHX @\KH S|
WKH YLUWXPOQYOHRQPHQW LQ FUHDWLQJ DSSUR
IRUPDWLRQ Rl SURIHVVLRQDO FRPSHWHQFHV R
FRPSXWHU VFLHQFH WHDFRK\R DQIGF WX RX WHK I8l D,
IRUPDWLRQ RI SURIHVVLRQDO LPRORYMWH R F I RRAL
SURIHVYKRQAXEMHFW LRI WHKHH XAWHX Bl WKH ORRGO
SURFHVV RI IRURLEKWRB RVZRFIDRD FRPSHWHQFH R
VRFLRQRPLF SURIHVVLRQV 7KH DUWLFOH ¢
VI\VWHPMWRMWVRIDUFK RQ WKH SUREOHP RI XVL
HGXFDWLRQDO DFWLYLW\ RI WKH XQLYHUVLW\ DC
OHDUQLQJ E\ PHDQV RI ORRGOH ZDV FDUULHG
SHGDJRJLFDO H[SHULPHQWKHQ RHBEWUYWR HDWW R |
DV D PHDQV LQ WUDLQLQJ VSHFLDOLVWV RI VRFI
VWXG\ DUH SODQQHG WR JHQHUDOL]H UHFRPPH
ORRGOH V\WWHP DV D PHDQV LQ WU DIRQHE Y LVRSQI\F

H\ZRUGYLUWXDO OHDUQLQJ H@YRURDWHRW
FRPPXQLFDWLRQ WHFKQRORIQHYJRVSGIFDDQLQW \
SURIHVVLRQV

$IILOLDWISPQWPHQW RI PDWKHPDWLFV DQG
PDWKHPDWLFV . UGB G DEILRI LBAMDDWSHQ LY HU VL W\
LU\Y\L 5LK SNUDLQH

'HSDUWPHQW RI VRFLDO DQG KXPDQLWDULDQ
'QLSURSHWURYVN 6WDWH 8QLYHUVLW\ RI ,QWH
=DUHFKQ\ .U\Y\L 5LK SNUDLQH

(PDLO OMUPOEBP D U P D&/XP/DE R P
GP\WURERE\OLHYB:QBDHQ NRPDVQRVFKHN#\DQGH]

KmgzZkge kIm” _glb ihlj [mxlv kmqgZkgbo f_Ih"e\
ihdjZzs_ggy k\h€o fh eb\hkl_c gZ kmqgZkghfm jbgdm i
Jha\blhd egnhjfZgbkdbb \ hklZgge jhdb kijh\hdm\z\
_f _j»" _glgbo gZ\gZevgbo | _ogheh]ec sh \bdhjbklh\n
k_j_~h\bs_dhfmgedZpec H~"ge}x a IZdbo gZ\gZevghbo
k_j_~h\bs_ ORRGOH

Yd aZagZgZKljxd > @ \bdhjbklZggy kbkl_fb ie
0Z\qZggy kl\hjx} ~h~rZldh\e fh eb\hkle ~ey \ijh\Z"" ¢
ijhp_k dhf[egh\Zgh]hige\egZgpgyfh\Zgh]lh ijhp_km a”h|[r
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agZgv mfegv IZ gZ\bghd \ mfh\Zo «gl_]jZp*€ Zm~"Dblhj
gZ\gZevgh€ "eyevghkle km[f}dlemhgXellgkvdjhe iYagd}figh
"hih\g_ggy | _ogheh]ec ljZ*bpecgh]l]h _e _dljhggh]h
fhleevgh]h gZ\gZggy > @ GZ\gZevg_ k_j_"h\bs_ 0
leevdb ~hg_klb ~h kIm~_glZz gz\gZevge \e hfhkle
gzZ\qZevgm ljZ}dlhjex \b\q_ <oy "MNokdpdiam\zZlb al\hjh
a\fyahd m nhjfe ~eZeh]h\h]h kisedimZgdy @KIm™ gl
\bdez”"Zg? OKIm™ _gll2 1Z aZ[_ai_qblb ih_lZigbc dhgl
lhsh

Jeage Zki_dlb \bdhjbklZggy gZ\gZevgh]h k_j_"h\b
mijh~h\" hklZggwed hke"" m\zZeBbh”"eh > @DPehk > @
1K Feglec > @& J&Lr_\kvdzZ > @ D 1 KehWwdk> @
> @ <KRhdZexd > @ S_H[bgz > @ <h~ghqzZk A
mijh\zZ~" _ggy gzZ\gZevghlh k_j_~h\bsZ ORRGOH m |
gZ\gdgon A<H > @ ihlj_[m} ih*Zevrbo "hkes”" _gv Cc T

F_lhx "Zgh]lh “hke4"ijlgogdim\DFRgRGOQYH glh\Zgh]h
\ejlmZevgh]lh gzZ\qZevgh]h k_j_"h\bsZ yd aZkh[m it
khpehghfegqgbo ijhMmZ’k2qe “hkeN[Zgdyfh \ ZgZe-sa:
fh eb\hkt \ejlmZevgh]h gzZ\qZevgh]lh k_j “h\bszZ m |
nhjfm\Zggy nZoh\bo dhfi_I|_glghkl_c fZc[mlgeo mqbl
egnhjfZlbdb IZ fZc[mlgeo Xjbkle\

:gZeesa ijh[e_f sh ih\fyaZge a ijhnhje}glZpe}x ik
hkh[eb\hklyfb Jhlh\ghkle esxc’kgglgdh ighn_kecgh€ "eyey
ihdZzaz\ sh jy~hf ~hike>"2gllohd\ j > @E >heezZg” > @
> Dm~_j > @ Dée<fh\ > @meh jhajh[e_gh deZkbne-d
ijhn_kec Dh'gZ ijhn_key Z[h €0 ]jmiZ \bgbdz} az
kmkieevkI\Z Yd aZagzZjghl\ZE> @ m ij_"klZ\gbde\ i
khpehghfeqgh€ J]jmib ij_~f_Ihf ijhn_kecgh€ ~"eyevg
hjlZzgeaZpey nhjfm\Zggy khpeZevgbo klhkmgde\ -
dhj_dpey mijZ\eeggy lhsh >h khpehghfeqgbo ijhn_
khpemfe \erghkylikbdHdeh] i_~Z]h] "mjgZee<kl iheslh
Mke \hgb hohiexxlv jeage Zki_dlb h”g+}€ a \Z eb\bo k
tkhpeZevge klhkmgdb m kmkieevkl\e IThfm hkh[eb\h]
ijh[e_fZ ijhn_kecgh€ is”]hlh\db nZoe\pe\ "ey pe}€
kisegbc ij_~f | « }"bgm neethkhm&iplggm c | _hj Ibggm
ijhn_kecgZ "~eyevgeklv nZoe\pe\ khpehghfeqgh]lh gZij
]Jjmie dhfi_I_glghkl_c yde } kicevgbfb "ey gbo

Jhaleyg_fh hkh[eb\hkle nhjfm\Zdgwpghlethdegghigt
dhfi_|_glghEkltjlydez”e ijhn_kecgh€ ie~]hlh\db fZc[mlg
xjbkle\ aZkh[Zfb gZ\qZevgh]ORR G O'H\bsZ

Kmlv khpeZewvgtheh]eqgh€ dhfi_I|_glghkle ihey]z} \
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g_Xx i_j_"[ZqZ}Ilvky \heh”eggy nZoe\p_f jeagbfb
| _ogheh]eyfb | _ogedzfb KkijlhfhAZgbfb gZ jhal\fyaZz
ijhn_kecgbo aZz”Zq kblImZpec ijh[e_f jeagh]lh je\gy ki

Hkgh\gbc ijbgpbi _\jbklbgghlhk mZ\gZgdgbyhjgeklv
kim~_gle\ fe° kh[hx ¢ \bdezZ”"Zq_f m ijhp_ke gZ\qZ
\azZ}fh”rey } dexqgh\hxZighegfZAg[mligeo mqgbl_ee*\ fZl fZ
hkgh\m dhfifxl_jgh€ ie*ljbfdb _\jbklbggbo f_Ih~
nmgdpehgZevgh]h ZgZeeam fh milv [kbkl_flgdez" ¢
ijh[e_fghe]lhjblfeqge i*”"oh”th"heh]e€ I\hjghlkleh[b
kmgzZkgbo egnhjfZpecohl pecajfofond_oghehHh’cheh]ey
_\jbklbggbo ~«Zeh]e\ Ihsh

Hkgh\hx dhfifxl_jgh€ ie*ljbfdb _\jbklbggbo f_Ih"
nmgdpehgZevgh]lh ZgZeeam } iheh _ggy dhgp_ip*€ f_I
NeZeh]eh 3Zj_}\Z > @ ;Z]Zlh\bfejgbc _\jabklbdgbehisZe
sh egl_]jm} < j_Zeeam} qghlbjb [Zah\e jeaphjedg \-
NeZeh]leqgh€ \azjhhA¥€gbc jhalblhd I\hjgh]h fbke_g
a“s[ghkl_c ijb jha\fyaZgge kbkl_fb I\hjgbo azZz\*Zgv
\ ijhp_ke gZ\gZg@yZlhje\g_WAifedl_jgZ <+gl_jzZzdlb\g:
ierjbfdZzih_1Zigbc ijhn_RKehdgbc kZfhjhalblhd klm~_gle

GZ gZr ihley” ajmggbf azkh[hf dhfifxl_jgh€
_\jbklbggbo f_lh”e\ gZ\qZggy nmgdpehgZevgh]lh Z
mgbl_e-°\ fzl_fZlbdb } k_j_"h\bs_
KWWBRGOH NGSX HGX XD FRXUVH Is@QGH[eSKr&'}FD
kzfhklecg_ jhal\fyaZggy gZmdh\h€ ijh[e_fb ~hih
kzfhklecgh jha\b\ZIlb "“hkee*gbpvde \feggy <« gZ\bc
©icagzZ\Zevgm pedZ\ekliv2 \bkm\Zlb Jeihl_ab jharbjx}
0ZjZdl_j gZmdh\h€ ijh[e_fb sh jha\fyam}lvky Ilhsh
ih[m~h\Zgh€ kbkl_fb _\jbklbggbo ~+«Zeh]e\ kim”_gl hl
g_klzg~Zjlgh jhal\fyam\Zlb gZmdh\m ijh[e_fm Lhf
kijh[m\Zlb kzZfhklecgh jh[blb kijZz\"ge gZm\dihihep\ekedjbl
k\hlh gzZ\qZggy

?\jbklbqggbc NeZeh] m [Zdhfm k_j _"h\bse _
hihk_j_~dh\Zgh]h i_~Z]h]eggh]lh mijZ\eeggy I\hjgbf |
\dexqZ} \ k_[_ gzZklmige hkgh\ge _e f _glb ki_pe<Ze
gZ\qZevgbc ihke[gbd a nmgdpehgZevgjih\bboZgh&e+gm
fhrmewvigimh\bc gZ\qZevgbc ihke[gbd dhfifxl_j « 1gl
ijZpx} leevdb a "\hfzZz _e f_glZfb a dgb]hx gzZ\qZev
sh feklblv \_kv gzZ\gZevgbc ¢ ~h\erdh\bc fZIl_jeZe -
Ahihfhlhx ydh]h \eg hljbfm} keAW¥dgggh €0 \bdhgm}
gZ"kbez} jhal\fyahd iekey gh]lh \bdez”Zq i_j_\ejy} \
ydsh \hgh g_ijZ\bevgh jha\fyaZzg_ gZ~kbeZ} m \«"ih\
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ydbc gz~Z} kim”~_glm fh eb\eklv kZfhklecgh ih[Zqgblb
fejdm\zZggh@\bevgh jhalfyazlb az*Zgm LZdbf gbghf
_\jbklbqggbc ~e«Zeh] fe* kilm”~_glhf « ©\ejimZevgbf \bde
?n_dlb\geklv aZklhkm\Zggy [Z]Zlh\bfejgh]lh _\jbklk
k_j_"h\bse dhfifxl_jgh€ ie*ljbfdb _\jbklbggbo f_Ih’
nmgdpehddlevfigZecam fZc[mlgeo mgbl_e<\ fZI _fZlbdb
jZomghd
Zdlb\eazZp-£ ijhp_ke\ ©kZfhkle? kim~_glz
kzfhhjlZgeazZp+€ kZfhj ZeeazZpe+€ kzZfh\"hkdhgZe gg
\erih\erghkle Ibiheh]e€ IZ ki_pbnedb I\&aZgqdDgiyhn_
*g”"b\e"mzZévigdh]eggbf hkh[eb\hklyf kim~_glZ
Z~_d\Zlghkle [Zgdm _\jbklbd _\jbklbggbo ijbct
jha\fyazggy az\~Zgv I\hjgh]lh Ibim 1Z afeklm ~Zgh]h
>ey nhjfm\Zggy dhfi_Il_glghkl_c fZc[mlgeo mqgbl_e
a esgeeH€[jb [m\ jhajh[e_gbc _e_dljhggbc dmjk ©E ¢
ZgZee+lbggZz ] _hf_ljey gZklbgz
KWWS PRRGOH NGSX HGX XD FRXUVH YLHZ SKS
kiVhj_gh \e~ih\e~rgh ~h gh\bo klzZg”Zjle\ 1Z ijh]jZf ey
F_1Z dmjkimagZchfblb klma&_blky_Ibggbfb hkgh\zZf
kmgzZkgh€ eegecgh€ Ze]_[jb sh ihlje[ge "ey ih~Zevrh
ki_peZevgbo “bkpbieeg gZ\gblb kIm~_gle\ hljb1
nhjfm\Zggy c¢ jhalbldm ijZdlbggbo gZ\bghd <« \fegv
ZgZeeam “"hkee”" _ggy -+ jjbd§yagbdgg¥”"Zq ~"hihfh
\bdezZz”~ZqgZf m ijh\_"~_gg°* 9Z\qZggy gZ aZkzZ”Zo dhfi_
ih]lJeb[blb azZk\h}ge kIm~™_glzZfb agZggy a gZ\gZe\
azZdjeiblb ch]l]h a ~hklZlgvhx kZfhklecgeklx ¢ hljbfZz
Ahk\en
lekey aZk\h}ggy dm¢lgd @& [jZ |1Z ZgZeelbggZ ]
gZklbgZ m klm~_gle\ fZxlv knhjfm\Zlbky 1Zde kdeZ
dhfi_Il_glghkl_c
i hkgh\ge hagZq_ggy \eZklb\hkle |I_hj_ fb eesgec
ijbdez~"b €0 \bdhjbklZggy fzl_fZlbqge ijbchfb «
jha\fyam\zZgdy 4Z €o ijbdezZz~g_ \bdhjbklZggy "h\_~_
I _hj f sh } nmg~zZf_glZevgbfb 7~ey \b\g_ggy aZzZa
Jghk_heh]egqges kdeZ”h\s
i\bdhjbklzggy f_Ih”e\ 1Z ijbchfe\ eegecgh€ Ze]_|
hizgm\Zggy ~bkpbieeg ijhn_kecgjh]hf_ddoZogdihyhm
\bdhjbklzZzggy f_Ih”e\ 1Z Ze]hjblfe\ eegecgh€ Ze]_[jb i
Iz jhal\fyam\Zggy aZ]Zevghijhn_kecgbo < Kki_pe-:
ijh[e_fgbo kbImZpec ijZdk_heh]eqge kdeZ”h\e
Dmjk kdez~Z}Ivky a hkgh\gbo jha”tees\ ec@glopth€ Ze
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gZ ljb fh*mee <b\gq_ggy dmjkm i_j_"~[Zg_gh gZ\gZe
b ge\

>ey dh'gh€ | _fb dmjkm eesgecgh€ Ze] [jb jhajh[e_
Zijh[h\Zge gZ azgyllyo Djb\hjeavdh]h ~_j Z\gh]h
mge\_jkbl_Im a ~hklZlgvhx deevirkéZ YX\e Yhgbbyazg
az”"Zq MjZoh\m\zZeZzZkv | fZlbdZ agZggy a ydh€ g_h]|
hizgm\zZggy hdj_fbo “"bkpbieeg ijhn_kecgh€ ie~]hlh\dkL

Jbk Njz]f_gl ihqzlidh\h€ klhjegdb _e_dljhggh]h

>ey dh'gh€ a |_f dmjkm jhajh[e_ghfe laZijhidgdhd ¥ g
dhgdj_Igh€ |_fb afekl I_fb sh \b\gzZxlv ieZg k.
kilm~ _glz az\~"Zggy |Z aZiblZzggy "ey kZfhdhgljhe
ihfbedb yde “himkdzZxlv klm~_glb i« gZk \b\g_ggy
kibkhd \bdhjbklZgh€ 1Z j_dhf_gMh\ZghEZlekhejiHkbeZg

\ f_j_"e 1gl_jg_I| kibkhd a zZ~j_kzZfb _e_dljhggbo
hk\elygkvde dmjkb dzZlZeh]b I1Z ihrmdh\e kbkl_fb
M ijhp_ke hiZzgm\Zggy dmjkm i_j_"[Zg_gh dhgkmev

| _fZlbgge ~“bkdmke€ lhsh yd a \bdd@d*ZglZfbhzdljb a
_e _dljhgghfm \b\g_gge dmjkm ©EesgecgZ Ze] []JZ 1Z Z
gZklbgZz @ hkh[eb\h \Z eb\bf } kieedm\Zggy a I
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dhe_]Zfb a gZ\qZggy

[~ gqZk kI\hj_ggy dmjkm [meh \jZoh\Zgh eg”
ikboheh]egqges hkh[eb\klle Klsngevgle\ jeagbc je\ _gv ie"
aZklhkh\zZgbc “bn_j_gpech\Zgbc i**0”"

Dmjk fz} kbkl_fm Jei_jihkbezZgv d¢Zlh*bdgmlbq
e*l _jZImjm a dmjkm sh gzZ~Zklv fh eb\eklv kim~_glZf
je\ge aZk\h€lb gzZ\qZevgbc fZl_jeZedeekdhkhiblb”"ggk
ijh\_~_gbc kim~_glzZfb azZ dhfifxl_jhf m afekle \b\g_g:

" gZk \b\g_ggy aZagZq_gh]lh dmjkm kemoZqge i
dhgljhex \oe~gbc ihlhqgbc jm[e gbc i**kmfdh\bc

Ihlhqgbc dhgljhev “ey ydh]h jhajh[e_§Z2lbhgughl\e”
Abdlzglb dhgljhevge aZiblZggy gZijbdegpe \b\g_g¢
arsckgx}lvky kzfbfb klm~_glzZfb kzZfhklecgh Ijbghfm
I_fb fh eb\bc ebr_ \ IThfm jZas dheb [m*mlv gZ"Zg- i
gZ \ke az\~"Zggy ihi_j_~gvh€ |I_fb

Jm[e gblgtjhev ij ~klZ\e _gbc m \b]Jey”e | _kle\ ~h |
dmjkm 1Z dhgheergevgx\Zevge azZ\"Zggy Deevd
ijhoh~™ _ggy klm~_glhf 1_klh\bo az\~Zgv ch]h j_a
\bljZzg_gbc gZ | _kim\Zggy [m”~mlv \erhfe [ xlhjm I
| _f dikfjn kim”_glb \bdhgmxlvnddg]lZeegyghZevge aZ\"Zg

[e+~kmfdh\bc dhglgheskibl Ijb pvhfm ihlhggbc « jm
dhgljhev ijh\h~blvky "bklZgpecgh Z+ irfkmfdh)
[_aihk_j_~gvhfm kieedm\Zgge a \bdez”~Zq_f g_ h[h\]
dmjkm

Hkeéwvdb [sevreklv \elgbagygbo A<H \bdhjbklh\mxlv
I1Z |1 _ogeqgh]h az[_ai_qg_ggy "bklzZzgpecgh]lh ¢ afe]

gZ\gZevg_ k_j_~h\bs_ ORRGOH fb I_~ gz~z}fh i_j_\
gZ\qZggy * i_j_creb gZ \bdhjbklZggy [_adhrlh\gh€ i¢
ijb gZ\qZgge* g_ leevdb fZc[mlgeo mqgbl_es\ Z c m
nNZoe\pe\ xjb~bqgbo ijhn KW S XIYVMDYFKDOQL

SURWVYWMW D Q W/YWREKI)AHQ\D

| _jki_dlb\gbf m pvhfm gZijyfe \[ZgZ}fh ~hkee+" _
_n_dlb\gh]h ih}~rgzZggy ljz"fprZgh]h gZ\qZggy m nZ
jeagbo ]jmi khpehghfegqgbo ijhn_kec gZijbdezZ”™ mqgbl.
ki_pesZevghkle ijbjh~gbgbc g Zifixk_fZIbepdpldcdh qgb
ImfzgelZjgbc gZijyf ikboheh] ij_~klZ\gbdb xjb*bqggl

Kibkhd \bdhjbklZgbo ~_j e
+ROODQGODNLYRFDWERRIDEHWKHRUWDUHHUYV
‘RKQ+ROOPD@BOHZRRG RHGWDPH+ S 3UHQWLF
+DOO VHULHV LQ FRXQVHOLQJ DQG KXPDQ GHYH«
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XGHU 7KH 2FFXSDWLRQDO ,QWHUK\GMU XU"
:DUUHQ * )LQGOH\ SHUVRQQHO DOGROXIHGDQFI
, VV XHJI

6XSHY 9RFDWLRQDO GHYHORSPHQW D IUD!
'RQDOG ( 6XSHU -RKQ 2 &ULWHV 5D\PRQG &
B3KRHEH / 2YHUKDUWHIWW) =+ DHD DJIRKI N % XUHD
SXEOLFDWLRQV 7HDFKHUV &ROOHIH Y&ROXPELD
&ROXPELD 8QLYHUVLW\ 7HDFKHWWFREBOQ QRYAVLW
6FKRRO ([SHULPHQWDWLRQ &DUHHU SDWWHUQ \

;mjdhE< Khpehghfeqge ijhn_ke€ eggh\ZpecgZz
ki_peZeeskle\ m \bsbo gZ\qZevgbo aZzdeZ"Zmjdihgh]jz
D lgnhjf kbkl_fb k

=Zj_J\L W\jbklbg_kdb_ ijb_fu LJBA mqg_J[ ih
kemrzl_e_Ikh\bdp ndd\ur_gby d\ZebnbdZpbb ij_ih"Z\z
Zkibjzglh\ b *j iifhnjzZ[hlgbdh\L =Zj__\ ih~r j_»
F F Abgh\dbglkc F=BM = k

Debfh\ :? Ikboheh]lby Ijm~Z mqg_[gbd “~ey ZdZ‘
[ZzdZeZ\jbZIZ ? : Debfh\ >p mj @ : iebfh\z
H=Ghkdh\k¢& Banrzl_evkl\h Xjzel kz+ ;ZdZeZzZ\j
:dz”~_fbq_kdbc dmjk Fh” mev

DhetxJ Kbkl_fZ ORRGOH yd aZzZke[ jhalbldm
dhfi | _glghkl_c¢c mqgbl_e<\ e<gnhjfZlbdb \ mfh\Zo
ickey”"biehfgh€bhk Z\lhj_n ~bk dzg”™ i_" #gZmd
egnhjfZpedghmgedZpecges |_ogheh]e€ \ hk\ele Dh
Jhklbkez\e\gZz lgklbIml egnhjfZpecgbo | _ogheh]ec
G:1G MdjZ&dh + k

Fhreh / H Jhajh[dBZD3IDOEYRRGOM Fh~eh
K H K_f_jedh\ Gh\elge dhfif x| _#d>jbl\bacghleh]«€
<b”rZ\gbgbc p_glj ><GA ©Djb\hjeavdbc gZpehgZevg

tLhf;,, ki_p\bimkd ©0fZjges |_ogheK]*€ \ hk\e|e?

JZr_\kvdzZ G gzZpleglkpkl_fb "bgzZfeqghR*HEUPD €
\' kbkl_fm ~"bklZgpecgh]hORR®ZZHYF¥r \kvdZ G <
K_f_jedk\ H Keh\zd D 1 | _jrz \k_mdjjZ&€lblqudZ g -
dhgn_j_gpRRGOHIRBRODLQHL_hjey ¢ ijZdlbdZ \bdhjbkl
kbkl_fb mijZ\eeggy gZRRZZOQHDbE€\ DGM;: ljZ\gy

] I[_ab ~“hih\er_c Fegekl_jkl\h hk\elb ¢« gZmdb |
gZpehgZevgbc[mteg\gbpl\Z + Zjoel_dimjb GZpehgZev
i_"Z]lh]leqgdmd MdjZz€gb 1gklblml egnhjfZpecgbo |_og
gZ\gqZguyy DGM;: &

JZr_\kvdZ G < Fh”_ev dhf[egh\Zgh]h gZ\gZgg}
MdjZz€gb JZr_\kvdZ G < K_f_jedh\ K H Keh\zd
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K[hjgbd gZmgguoxQmjdr\ Fekvd”"jm&K

JZr _\kvdZ GLgl_]jZp*YRRGOH \ kbkl_fm ~bklzZgp
gZ\qZggy ORRGOH G < JZr_\kvdZz K H K_f
dhfifxl_jge | _ogk®h]e€Fegj_Jlehg MdjZ€ghbLhf, =
&

K_f jedh\ K H Dhf[egh\Zg_ gZ\gZggy ijh[e_fb
aZklhkm\zggy \ m~hkdhgZe \¢p@h\gdhdhgZghgph km
kzfhklecgh€ jh[hlb kim~_gle\ K_f_jedh\ K H Kljxd
ijZzdlbdzZ hjlzZzgeazZpe€ kZfhklecgh€ jh[hlb klimbdo gle\
azZdezZn"e\ fhghljZney dhe Z\lhje\ azZ j_"™+tijhn
Djb\bc Je] Dgb dh\_ \b~Z\gbpl\h DbiK\kvdh]h

K_f_jedh\ K H Jhajh[d@D apeyljki>GRRGOH
KHK_f_jedhl\ K < RhdZexd X < le&xs< 1< KL dRZeprh«d

Gh\elge dhfifixl_jge ItDgheRk}gd_Jehg MdjZE€gb
Lhf,; £K

Kljxd : F L_hjflddhbqge azZkz”b dhf[egh\Z
gZ\gZggy kbkl_fghlh ijh]jZfm\Zggy fZc[mlgeo nZo-\j
g _g_j*€ fhgh]jZ&ne-Kljxd L _hjey IZ f_Ih~"bdZ _e_d
gZ\gZggyDjb\bc J-] <b”"Z\gbgbc \e""ee ><GA O©OD]
gZpehgZevgbc mge\_jkblhF29 t<bimkd ki_p\biml
©FhghljZney \ "mjgZ&e?2 ee

LibmXk < Kbkl fz e _dljgdydiggy <GA gZ |[Z
022'/( f _lh"bggbc ihke[ghkdLjbmxk <¥_ jZkbf_gdh
<F NjZgqm@®_jdZkb Q>LM k

S _j[bgZz H : Ijh_dIm\Zggy kljmdIimjb kZclm ORR
gZ\gZevgh]lh azZdezZ”m 1Z hjlZgeaZpey jh[el a <c
H: S_j[bgZ KD<Zkbev}\Zz <ekgbd Ev\elkvdh]h ~_

mge\_jkbl_Im [_ai_db bl eyergh klk

5HIHUHQFHV WUDQVODWHG DQG WUDQ\

+ROODQGODNLFRFDWERRDEHWKHRURDUHHUYV
RKQ+ROOPD@Q@CBOHZRRG BHGWDOPOH + S 3UHQWLF
+DOO VHULHV LQ FRXQVHOLQJ DQG KXPDQ GHYH«

. XGHU 7KH 2FFXSDWLRQDO ,QWHUHVW 6XU"
‘DUUHQ * )LQGOH\ 3HUVRQQHO DOEROXI*GDQF}
V'V X HJ

6XSHY 9RFDWLRQDO GHYHORSPHQW D IUDI
'RQDOG ( 6XSHU -RKQ 2 &ULWHV 5D\PRQG &
3KRHEH / 2YHUVWUHHW &KBIZOHRUN : D% XQUDF\K
3XEOLFDWLRQV 7HD PKEHDVS QR DY HW\& RDX
&ROXPELD 8QLYHUVLW\ 7HDFKHLQFRA®QQBYAVLW
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6FKRRO ([SHULPHQWDWLRQ &DUHHU SDWWHUQ \

%XUNRYD / 9 B6RWVLRQRPLFKQL SURIHVLL
VSHWVLDOLVWLY X Y\WKFK\NK >QROFYHRFOMRR NK
SURIHVVLRQV LQQRYDWLYH WUDLQLQJ RI VS
LQVWL& PROREVDILLD /.9 ,%QKRIWRYD\VWHP\

Y%

*DUHHY 5 7 (YULVWLF KHMNLLH/ WU E HPH @ B RGY
XFKHE SRVRELH GOWRYVQXVEDWBRWLKHQLLD
SUHSRGDYDWHOHL [SWHSL UDMERRWQL NSRY SBHRT *D
0 0 =LQRY:OLQRE,8 =+ V

_.OLPRY ( $ 3VLNKROWXRORW@RGERKNEQLN
DNDGHPLFKHVNRJR EDNDODYULDWD $ (OBPRODPR
2 * 1RVNRWYRL ,]JGDWHOVWYR: ,XUDLWDNDODYU
$NDGHPLFKHVNLL NXUV ORGXO

.RORV . 5 B6\WWHPD ORRGOH \DN ]DVLE U
NRPSHWHQWQRVWHL XFK\WHOLY LQIRUPDW\N)
SLVOLDG\SORPQRL RVYLW\ >0RRGOH 6\VWHP DV
Rl ,QIRUPOBMIHFAWE YH &RPSHWHQFHV LQ WKH &D
(GXFDWLRQ@ DYWRUHI G\V NDQGR UPIDEGVV DL
NRPXQLNDWVLLQL WHNKQRORKLL Y RVYLWL .RC
LQIRUPDWVLLQ\NK WHNKQRDRI$BIL BNBYRELY QDY
+ V

ORGOR ( 2 'HYHORSPHQW RI 6DJH0DRWKOIR OW
6 2 6HPHULNRY 1HZ FRESXWWHUS5WHK FKQ&DRQ\
WVHQWU '91= ©.U\YRUL]N\L QD W VAFRID Q Q \ D\GEHFIL
LVVXH ©&ORXG WHFKQRORJILHV | SNHUDGXEDMWLRQ?

5DVKHYVND 1 9 ,QWHKUDFL\D V\VWHP\ G
*HR*HEUD Y V\VWHPX G\WWDQFLMQRKR QDYFKEC
G\QDPLF JHRPHWU\ VIVWHP *HR®HBU D/ \V\QVW R H FER

5DVKHYVND 1 9 6HPHULNRY 6 2 G6ORYDN .
QDXN&YBNW\FKQD NRQIHUHQFLMD ©0RRGOHORR
SUDNW\ND Y\NRU\VWDQQMD V\VWHP\ XSUDYOLQ¢
18%$ WUDYQMD WH]\ GRSRYLGHM OLQLVWFE
8NUDL Q\ .\L YV N\MW BEXICRYRQOF@\WD XQDUKLWHN
DNDGHPLMD SHGDJRJLFKQ\K QDXN 8NUDL Q\ ,Q\
]JDVRELY QD¥.FKDQSABD +6 Q,8NUDLQLDQ

5DVKHYVND 1 9 ORGHO NRPELQRYDQRKR QT
8NUDLQ\ >7KH EOHQGHG OHDUQLQJ PRGHO LQ
5DVKHYVND 1 9 G6HPHULNRY 6 2 G6ORYDN . |,
QDXFKQ\NKt WADXGRW GUIXWN *6 ,Q SNUDLQLDQ
5DVKHYVND 10RR®OH LQWHJUDWLRQ LQWR
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1 9 5DVKHYVNBHPEBHULNRY 1HZ FRPSXWHU WH
OLQUHKLRQ*8NUDPIRO +3 ,Q 8NUDLQLDQ

BHPHULNRYRPELQRYDQH QDYFKDQQLD SURI
]JDVWRVXYDQQLD Y XG R YNNRQRDYOHRKRL SURVFK DD K
URERW\ VWXGHQWLY >%OHQGHG OHDUQLQJ SUR
WKH HGXFDWLRQDO SURFHVV DQ G HRHGHEW \6 |
BWULXN $ O 7HRULLD L SUDNW\ND RUKDQL]D
Y\WWKFK\NK QDYFKDOQ\NK ]DNODGLY PRQRKUD
LQGHSHQGHQW ZRUN XQLYHUVLW\ VWXGHQWYV P
2 $ .RMRADU\Y\L 5LK .Q\]JKNRYH Y\GDYQ\WVW)

+6 ,Q 8NUDLQLDQ

BHPHULNRY 6 2 5RJUREND ILOWUX 6DJH GO
GHYHORSPHQW IRU GLVWDQFH OHDUQLQJ V\VW
69 6KRNDO\XNSOAXVEK , 6 OLQWLM 9 9 7NDFK)
WHFKQRORJWOWLQUHJIJLRQ+t8NUBBRX £:3
,@NUDLQLDQ

BWULXN $ 0 7KHRUHWLFDO DQG PHWKRGRC
OHDUQLQJ RI VIVWHP SURIDDPPWYJLR VRWXIBIUW
PRQRJUDSK $ 0 6WULXN 7@HRUR D@GLPHWKR
9\GDYQ\FK\L YLGGLO '91= ©.U\YRUL]N\L QBWVLR
9RO +1R 6SHFLDO LVVXH ©OORQGRJSDSKILQ W

7U\XV <X 9 6\WWHPD HOHNWURQQRKR QT
022'/( 5TKH VIVWHP Rl HOHFWURQLF OHDUQLQJ RI
EDVHG RQ @@2'/PHWRG\FKQ\L SRVLEQ\N <X
, 9 +HUDV\PHQNR 9 @&KHLQPKAN &K'¥8 V

6KFKHUE\QD 2 $ 3URHNWXYDQQLD VWU:

Y\WWKFKRKR QDYFKDOQRKR ]DNODGX WD RUKDQI
SHVLJQAKHV U XK MW XOBRHR G\OLHARHDK L J KHHEUX F DL\@ VRVQ. W X W

DQRBUJDQZRURND VFWHDAWLRQ $ 6KFKHUE\QD . 6 ¢
9LVQ\N /YLYVNRKR GHU]JKDYQRKR XQLYHUWV\WHYV
+1R +6
SHFHLYHG 0D\ LQ UHYLVHG IRUP 0

0D\
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<bdhjbklZzggy _e_f_gle\ fhprehjdBphr dgiielgvh]h
kK _j_"h\bsZ m gZ\gZgge neabedyth & |rpre\gle\

L_lygZ <Zkbee\gZ =jmglh\Z
DZn_"jZ neabdb ><GA ©Djb\hjeavdbc gZpehgZevgtl
\me <e¢lZeey FZImk _\bqZz f Djb\bc Je]
WDWLDQDJUX#JPDLO FRP

:ghlZpey_Ihx*hkee”r” _Hydgy*lhlh\dZ egha_fgbo ]Jjhfz™
\b\g_ggy “bkpbieeg ijbjh*gbgh]h pbdem m kdeZ”s hk
ijhljzf hk\eldVheenedZpecghlh je\gy CNZW'Zal\y?
"hkee”" _gdgkajh[dZ kihkh[e\ aZklhkm\Zggy | _ogheh]
gZ\gZgoy ijhp_km ie~]lhlh\db e<glhna” fgtR\fN}dIhf
"hkee™" _ghygZ\gZggy neabdb <gha” fgd§\ ~f_Ihf
"hkees”" _glgy\bdhjbklZzggy _e_f _gle\ fh[eevgh]h egn
hk\elgvh]l]h k_j ~“h\bsZ m gzZ\qZgge wnghbdbpe\klim
AZijhihgh\Zgh *"thidSdbMZfb nhjfmex\Zggy hkgh\gbo n-
azZzdhge\ 1Z ihgylv mfh\b az”~Zq "ey kZzZfhklecgh]h
dhgljhevge aZiblZggy ihke[gbdZ a neadghta Ffpy\ kli
<klzgh\e_gh sh \bdhjbklZggy fh[eevgbo 1DL Kkijb)
sg”"b\e*mZecdBpeEZphE gZ\qZggy klI\hjx} mfh\b “~ey
mkisrgh€ zZdz”~_feqgh€ “eyevgdgdia_ fatm"_gd®\bsm}
_n_dlb\geklv gZ\gZggy ~hihfz]zZ} \bjerblb ijh[e_fn
jh[hlb egha_fgbo JjRfZamevIiZlib ~hkeelféZgoylvky
\bdhjbklh\m\zZdEkefhajh[db f_Ih*"bqggbo fZl_jeZes\ "ey
jh[hlb kim~eghed fpe\

Dexgh\e keh\th[eevg_ esgnhjftzipet¢gh k_j_"h\bs_
45dh”™ gZ\gZggy neabdbghldmfpeglb

79 +UXQWRYD 8VH RI HOHPHQWV RI WKH P
HGXFDWQRIQDDRQRHQW LQ WKH VWXG\ Rl SK\VLFV

$SEVWUDKMKUSRVH RILWKMKHRVSWKHGSDUH IRUHLJQ
VWXG\ RI QDWXUDO VFLHQFHV GLVFLSOLQHV DV
Rl WKH HGXFDWLRQDO TXD ColHMFAFWILR @ VOR Y MK H
GHYHORSPHQW RI PHWKRGV RI D S/'HFIKRDROLIRRIQ RQ
SURFHVV RI IRUHLJQ VWEKIGHBW \R MW KARKLVXHIDAKH
WKH SK\VLFV Rl IRUMNXEM M BAX GRH QWK HV WIKHG R | H C
Rl WKH PRELOH LQIRUPDWLRQ DQG HGXFDWLRQD
RI IRUHLJQ VWXGHQWYV ,W LV SURSRRBG VWW KV
IRUPXODWLRQ RI WKH EDVLF SK\VLFDO ODZV DQC
LQGHSHQGHQW GHFLVLRQ DQG WKH FRQWURO T
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IRUHLJQ VW XHEMMOWWVWDEOLVKHG WKDW WKH XV
DFFHVV LQGLYLGXDOL]DWLRQ RSWLPL]DWLRQ R
DQG VXFFHVVIXO DFDGHPLF DFWLYLW\ RI IRUHL.
RI HGXFDWLRQ KHOSWPWRI LRWHE MXKGH S WRERU
FLWL]HQWVXIOWYV PIUNKIHODWREG WR EH XVHG G XL
RI PHWKRGRORJLFDO PDWHULDOV IRU WKH LQGH
H\ZRUGPRELOH LQIRUPDWLRQ DQG HGRBMWLR
VWXG\ Rl SK\WLFV IRUHLJQ VWXGHQWYV
$IILOLDWHBQUWPHQW RI SK\VLFV 6,+( ©.U\"
8QLYHUVIOWWDO\\ 0DWWWYHMYRK 5LK SNUDLQH!
(PDLO WDWLDQDJUX#JPDLO FRP

YdekgZ i*"]hlh\dZ sgha_fgbo kim”~_gldjZEdkgdhgz>
azZdez"Zo \bsh€ hk\elb A<H aZe_ "blv ‘e~ jenr]hlh\c
gZ\qzZggy Ih[lh \e~ gZ\qZggy gZ i**]lhlh\ghfm nZdme\

Hrg_ e*a i_jrbo az\"Zgv sh ihklz} i_j "~ eegha_fgbfb
ijb€oZeb gZ gz\qZggyxthiMdmogggymfh\b mdjZz€gkvdhé€
jhkeckvdh€ yd egha_fgh€ 1Z \b\q_ggy nmg”zZf_gl.
ahdj_fz neabdb r\b~rdh « \ Ihfm h[kyae ydbc }
ihrZevrhlh gZ\qZggy m \b[jZghfm gbfb A<H m \e”ih\e
ki_peZevghkle Hkgh\ghx zr42gX \plWe\b\gq_gge ~bkpbi
©Neabdz?2 egha_fgbfb ]Jjhfz~ygzZfb gZ "h\mas\kvdhfm _
“h \b\g_ggy "bkpbieeg ijbjhrgbgh]h pbdem m k¢
gZ\gZevgbo ijh]jzf dkXelgwhl Zpecgh]h je\gy ©[ZdZeZ\]

Hkdeevdb nhjfm\Zggy ghylgh\gmelejfZhkdgllgvhlh
k_j_~h\bsZ 1I_ogeqgh]lh A<H i_j_"[ZqZ} \ijh\Z"" _g
-gnhjpr dghmg dZpecgbo I[_ogheh]ec 1DL lh m
m~rhkdhgZe_ggy ijhp_km ie~]hbklg\rdd_flplrh A flgldYZqgZ}ft
aZklhkm\zZggy ljZ*"bpecgboZdgghhm\ igEAgZgges a kmqZ
I_ogheh]eyfb gZ\qgZggy ahdj_fZ |_ogheh]e}x fh[eevgh
kdez”~h\bo e_f _gle\ fhie evgh]h hle\ephdpyhdpecg
kK _j_"h\bsZ@ \oh"ylv fh[eevge 1DL « aZkh[b gZ\qZggy
\erg klib | _ogheh]+€ kjiihajeagX\Zggh™s > @

ljb kZfhklecgec jh[hle edgma* fplz \ Zm~blhjgbc
ihazzm”~blhjgbc qZk i_j dez”™ gzZ\gZevghlh fZIl _ js
hkh[bklh gbf \ IThc gqb egrbc kihke[ fh _ [mlb g_lhqg
g_ijZ\bevg_ jhamfeggy lafekdm N &khx q_jlm ijba\_~
ihfbedh\h]h jhamfeggy neabggh]h afekim ihgylly aZz
\b[hjm kihkh[m jha\fyam\Zggy azZz~Zqe Lhfm “ey m
Neyevghkle egha_fgbo KkIm~_qgle\ _dhghfe€ qgZkm
kijbcfzggy klm~_glzdbgb¥igfZl_jeZem } g_h[os*ghx *
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\bdez”~ZqZ >hihfh]Z kim”_glm \ hijZpx\Zgge |_dkle\
gblZggy gb jhal\fyam\Zgge azZz”~Zq fh _ [mlb gZ~
[_aihk_j_~gvh Z azZ \e"kmlghkie \bjdeZ rApAhjbklZg¢
kKim~_glzZfbdHASe\ <&biehzggyfb gZ ijZ\bevge i_j_dezZ”b
egrbo |_dkle\
45dh” M\ h\bfejgbc rlghd sh feklblv i_\gm egnhjfzj
jhaicagzZ}lvky az ~hihfh]lhx Kki_pe<Zevgh]lh h[eZ"gZ¢
fhleevgh]h ijbkljhxh™5 } fegeZIxjgbfb ghkeyfb ~Zgh
a[_jelZxlwlhdm egnhjfZpex h[ky]hf ijb[ebagh \ iheh\bc¢
nhjfZlm Fh gz azdh”m\zZIlb |_dkl J]ei_jihkbeZg
ih\e*hfe_ggy Ilhsh Pe ~Zge dh”mxlvky aZ ~hihfh]t
ijhljzf Z[h k_j\eke\ m \bJlegboghfjlgldhevhjh\bo d\zZ"jZle.
dh/feklblv \ kh[e 1Zdh™ ~h~ZIdh\e ~Zge yde ihlje[ge "
N dh*m\Zggy *gnhjfZpe€ ki_peZevgbfb ijh]jZzfZfb fh[e
gb egrbo ijbkljh€\ M nhjfm\Zgg-shk§nligMEZdrdkagh_"h\bs.
| _ogeqgh]l]h A<H c i*® gZk \ijh\Z"" gg9 <20 k\%ll Lie ot
<RXU 2ZQ 'HiylhdHkb klec \eZkgbc ijbkljec \bdhjbklz
dh”e\ } ZdimZevgbf azZlj_ [m\Zgbf I1Z “hkimigbf > @
GZ dZn_"je neabdb ><GA ©Djb\hjeavdbc gZpehgZe
Z\lhjhf jhajh[e_gh gZ\d4fz%ewgdbc ihke[gbd ”"ey egha
ljhfz~yg i*~]Jhlh\gh]h \e~"ee ggy a \bdhjbklZggyf *.
<b\gq_ggy dh'gh€ a | _f ihke[gbdZ hj]J]Zgeah\Zgh azZ }‘
Dh gz |_fzZz \dexqz} | _dkl IZ azZziblZzggy ~h gvh]lh az*
| _jfege\ « keh\hkihemqg_gv “h dh gh]hxaZgkklgkwmdljX €g
Zgleeckvdhx 1Z njZgpmavdhx fh\zfb H~*gZd i_j_deZ’
keh\gbdm g_ "Zxlv ih\gh]lh my\e_ggy ijh afekl I_
ijhihgm}fh ~hih\gbdih” Z5b nhjfmex\Zggy hkgh\lgbo n-
azdhge\ 1Z ihgylv mfh\b az”rzZq "eg\TkyafhkZgogyh]hz
dhgljhevges aZiblZggy ihke[gbdZ
ljbdezZ”~b ~hih\g_gbb*"afH» fZl_jeZe+\ ihke[ghdZ |
©F _ozZgedz2a gzZ\_~_gh \ IZ[ebp-
ce]lhjblf jh[hlb a \bdhjbkldddgyt 48 aZgylle gZklmig
GZ\_klb dzf_jm fh[eevgh]h ijbdkH{h k2R Zbm\Z1b
chlh jbk
| j_clb aZz azdh~h\Zgbf ihkbeZggyf jbk
H[jZzlb m *RRJOH |I_j_dez~Zqe fh\m ~ey i_j_dez"
HI"_ dh gbc egha_fgbc kim~_gl ie”f]Jhlh\gh]h \e/ne
jh[hlib a ihke[gbdhf a neabdb az ihlj_[b fh™_
aZijhihgh\zgbfh4Bfb "ey djZsh]lh jhamfeggy gZ\
fZI_jeZem <bdhjbklZggy fh[eevgbo 1DL Kkijby}
eg”"b\e"mzZesazZpe+€ hilbfeaZpe€ gZ\qZggy kl\hjx} mf
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mkiergh€ Zdz”~_feqgh€ ~Teyevgigdia fEIM"_gd®\bsm}

_n_bdhkgeklv gZ\gqZggy “hihf
jh[hlb sgha_fgbo ]jhfZ”yg

Z]Z} \bjerblb

LZ[ebpy

ijhle f

m

libdeZ b fZI_jeZee+\ gZ¥qZeMygdghlh ihke[ghdZ a neab

N"ey egha_fgbo ]jhfZz~ryg ie*]hlh\gh]h \e~r"ee ggy

45dh"Zfb

| _j\uc aZdhg GvxkmgsZ kl\mxI
kbkl_fu hlkqgzlz highkbl_e
ex[h_I_eh gZoh”blky \ khklh
jZ\ghf_jghlh b ijyfhebg_cgh
A“h l_o ihj ihdz ~_ckl\by *jm
baf_gyl wlh khklhygb _

AZNZQqZ DzZzdmx jZ[hIm \
Mb]zZl_ev Z\lhfh[bey fZkjhc]|
Mbb' _gbb k f_klIZ az f_ijjub |
wlh jZkklhygb_ Z\lhfh[bev iK
Z dhwnnbpb_gl khijhlb\e g
JZ\_g "

hoh”~bl aZ

>Zcl_ hI\_lu gZ \hijhku
Qlh Izdh_ f_ozZgEZdhkdZzy
AZibrbl_ nhjfmem “ey
f ozgbg_kdhc jZ[hlu
>Zcl_ hij_~_e_gb_ _"bgbg
jZ[hlu b ihemqgbl_ jzaf_jghkl
Dzd azZ\bkbl jZ[hlZ kbeu H
kbehc b gzZijz\e_gb_f ~\b" _g
Dhl~rzZ jzZ[hlZz kbeu jz\gZz

vV jZ[hlu

by |_ez"

\uihegy Iky "

" h
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Jbk KdZgm\4iddyn 45 bk | _j_oe™ aZ aZdh”h\Zg
ihkbezggyf
Jbk | j_dez~ | _dklm ihke[gbdZ azZ ~hihfh]hx *

| _j_dez~ZqZ Zgleesckvdhx njZgpmavdhx |Z ZjZ[kvi

Kibkhd \bdhjbklZgbo " _j_ e
;mavdh <FHhEeb\hkle \bdhjbklZdg#¥-\4%n gZ\qZgg
neabdb < E ;mavdh X < /qdZeh GZmdh\e aZibl
f_Ih~bdb neabldfiZzIbggh€ ¢ |I_ogheh]«+dgh€bhdkhphbdbc
J<< D>IM «f < <bggbgtglliZnkd +QZklbgZK

=jmglhl & :dib\eaZpey gZdvq@g&¥gbvgh€ ~eyevgl
fZc[mlgeo nZoe*\pe\ azZkh[Zfb fh[eevgk]hjmgNg\Zggy
GZmdh\e azZibkdb K_jey Ijh[e_fb fZIhfBtdhgghe&bdh
I_ogheh]eqgh€ hk\elb Djhibigbpwdblcekbggbq_gdZz

t<bimkd +QZklbgZK

=jmglhlx M~rhkdhgZe_ggy f_lh~"bdb \bdezZz”~Zgg
kbkl_fe “himae\kvdh€ ie*]hlh\db sgha_fgbo ]jhfZ*yg |
gZ\qZevgh€ jh[hlb 1Z jhajh[db f_Ih*"bggh]hlLikke[gbdZ
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FZl_jbZeu 11 F_""mgZjhXghk* g miqgdthc dhgn_j_gpbb C
b ki_pbZevghklv ZdIimzZevgu_ ijh[e_fu h[mqg_gby bgh
mq_[ghf az\_~t@bjvdh\ OGMJIWK
/gdZeh X < ?e_f_glb fh[eevgh]lh gZ\gZevgh]h
Xeesy <heh”bfbje\gZ /qdZeh Gh\lelge dhftDjb\jlme |1_o¢
Je] <b~Z\gbgbc p_glj ><GA ©Djb\hjeavdbc gZpehgZe
+Lhf ;,, ki_p\bimkd ©0fZjge | _oghkh]e€ \ hk\e]|e?

5HIHUHQFHV WUDQVODWHG DQG WUDQ\

%X]NR 9 / OR]JKO\YRVWL NRGRY\XWIDYGKD @6
>7KH SRVVLELOLWRRRSIHXVIHQ RWHIBFKLQJ SK\VLFV
<X9 <HFKNDOR IDXNRYL |DS\VN\ 6HULLD 3U
PDWHPDW\FKQRL L WHNKQRSRKQLFKWONRL R\BYDWA3 ¢
9 9\QQ\FKHQNR 9\SXVN + &KDVW\GD6
,@NUDLQLDQ

+UXQWRYD 7 9 S$NW\YLIRWQMOLYDO @MLY F& DK
PDLEXWQLNK IDNKLYWVLY ]DVREDP\ PRELOQRK
W U D IFRUQ@QIDFMYIHY LW\ RI IXWXUH VSHFLDOLVWV E\
7 9 +UXQWRYD 1BINSAXWINA®IUYLND 3UREOHP\ P}
IL]Z\NPRFHWHPDW\FKQRL L WHNKQRORKURISQRQ\WVXL
599 .'38 LP 9 9\QQ\FKH&ND L ONUDLQLDQ

+UXQWRYD 7 9 8GRVNRQDOHQQLD PHWRG
VIVWHPL GRYX]JLYVNRL SLGKRWRYN\ LQRJHPQ
RUKDQL]DWVLL QDYFKDOQRL URERW\ WD UR]L
> PSURYLQJ WKH PHWKRGWRQ@RY\ LR} WKBFKL\QUH §
XQLYHUVLW\ WUDLQLQJ RI IRUHLJQ FLWL]HQV Wi
ZRUN DQG WKH GHYHORSPHQW RI D PHWKRGROF
ODWHULDO\ 11 OH]JKGXOBWRGQRIHQORMAKQPRQIHU
VSIBPLQRVW  DNWXDO Q\H SUREOHP\ REXFKHC
XFKHEQRP ]D Y:H-EMH®D NIRY +185-H 6
,@NUDLQLDQ

(FKNDOR <X 9 (OHPHQWV Rl D PRELOH (
<X9 (FKNDOR 1HZ FRPSX& HUY \W HFFLKQGEROORUWF K \ L
WVHQWU '91= ©.U\YRUL]JN\L QDW VAFRID O Q\L WIHF
LVVXH *&ORXG WHFKQRGBRJILHV LONWGXPRWQRQ"

SHFHLYHG 0D\ LQ WHYXLVHG IRRFHSWH
0D\
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<" hkdhgZe _ jdhqy kecgh€ i*~]lhlh\db
fZc[mlgeo nZordakbdhogeggbo ki_peZevghkl_c
g_j_a \bdhjbklZggy [*e*g]\Zevgbo dmjke\ a nea

DZI_jbgZ =jblhje€\gZ GErjmh [t je\gZ ;hg”"Zj_gdh
DZn_"jZ nedalbdhggbo kbkl_f 1Z sgnhjfZlbdb
Em]Zgkvdbc gZpehg2Z\eyigbk | «f _ge LZjZkZ R_\qg_g
ie =hlhey KlZjh[eevkvd MdjZ€gZ
FKRUQRED\NDWHULQD@DPIDIROUHRRB D #JPDLO

:ghlZpe¥ _lhx ~"hkee"" }gyyk\ele_ggy hkgh\gbo gZij
m~rhkdhgZe_ggy ijhn_kecgh€ ie~"]hlh\db fZc[mlgeo
| _ogeqgbo ki_pe<Zevghkl_c q_j_a \bdhjbklZggy [*e-c
neabdBzr"ZqzZfb "hkee<} Zpddeea <kgmxqgbo f_lhne\ o
i*"lhlh\db fZc[mlgeo nZoe\po\gegqgdbmdhki _peZevghkl_
"hihfh]lhx [sesg]\Zevgh]h gZ\gZ[figd|méabhddke+"} ggy
ijhp_k i*~]lhlh\db fZc[mlge*o nZoe*\pe\ neabdh I_ogeqgt
Ij_~f_Ihf "hkes* }lddyhjbklZggy [*e*g]\Zevgbo dmjke
ijb ier]lhlh\pe fZc[mlgeo nZok\pgvrqgoladpkievghkl_c M
jh[hle ijh\_~ gh ZgZeea skgmxgh]lh klZgm \bdhjbklZ
dmijke\ ijb i*"lhlh\pe fZc[mlgeo nZloedge\ggbroeab
ki_pesZevghkl_c <bykghdbh»shjh[e_fhx \ijh\Z”~" _ggy |2
fhr _ee gZ\qZggy aZebrzZ}lvky [jZd di Ih”"lggghibkpbile -
Kibjzxgbkv gZ i_\ge jhajh[db \elgbagygbo ¢ aZjmJ[e’
aZagZq_gZ ijh[e_fzZ fh _ [mlb \bjer_gZ reyohf jhajh
\brZgv ea kbgojhggbf i_j _dez~hf gZ Zgleeckvdec 1Z
<'_ eskgmxgbc ~hk\er gz~Z} hfithjbbhekjtrh ] n_dIib\gekl
\W_ "~ ggy "\hfh\gbo dmjke\ g_ leevdb gZ klZjrbo dmjkZ
Z c Ney i_jrhdmjkgbdewlZlZfb "hkell’Zgmdy jhajh[dZ |-
\ijh\z~" _ggy \e~ih\ergh]h f_Ilh~*bgghlh aZ[_ai_qgq_ggy
dmjke\ a |_hj_IagdB€vigh€ neabdb

Dexgh\s keHhY2eg]\Zevg_ gZ\qZggy ijhn_kecgZ i
aZlzZevgZ 1Z |_hj_IbggZ neabdz

* @8KRUQREPWRQ@GDUHQNR ,PSURYHPHQW R
WUDLQLQJ RI IXWXUH VSHFLDOLVWY SK\VLFDO D¢
XVRII ELOLQJXDO FRXUVHV LQ SK\VLFV

SEVWUDKRHNLRI WKLV VWXG\ LV WR KLJKOLJK)
LPSURYLQJ RI SURIHVVLRQDO WUDLQLQJ RI IX
WHFKQLFDO VSHFLDOWLHYVY WKURXJK WHEKMHXWH RH
RWKH \DWXIGWR DQDO\|H WKH H[LVWLQJ PHWKRG
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VSHFLDOLVWV LQ SK\VLFDO DQG WHFKQLFDO V.
WUDLQLQJ RKHMEMWHFW RILWKHKWWSURFHVV RI WU
VSHFLDOLVWG@G @ ISKKQLLAFD @ V % B M IHFOWRIHM\K KM\
XVH RI ELOLQJXDO FRXUVHV LQ SK\VLFV LQ WKF
SK\WLFDO DQG WHFKQLFDO VSHFLDOWLHV 7KH S
RI ELOLQJXDO FRXUWRKV RUQI XWX IS UHSS-DRLDW L VW
WHFKQLFDO VSHFLDOWLHY 5HYHDOHG WKDW W
WKLV OHDUQLQJ PRGHO LV WKH ODFN Rl PHWKRC
FHUWDLQ GHYHORSPHQWVY RI GRRHVVEIURBEQBPI KU
VROYHG E\ GHYHORSLQJ ELOLQJXDO SXEOLFDWL
(QJOLVK DQG VWDWH ODQJXDJHV $OUHDG\ H[L\
DERXW WKH HIIHFWLYHQHVV RI LQWURGXFLQJ E
FRXU/QIY LQ PDEXVWWIOWR |RAKHUHNYXRE QY \Z RO QVK F
EH WKH GHYHORSPHQW DQG LPSOHPHQWDWLRQ F
RI ELOLQJXDO FRXUVHV LQ WKHRUHWLFDO DQG J

H\ZRUGELOLQJXDOSWRIBNYLEA®DD OH WHLUDLA L Q]
WKHRUHWLFDO SK\VLFV

$IILOLDWHBRUWRPH@W\VLFDO DQG WHFKQLFD
LQIRUPDWKFQVN 7DUDV 6KHYFKHQNR 1DWLRQDO
WKH &LW\ Rl 6WDURELOVN SNUDLQH

( PDLRKRUQRED\NDWHULQD#JPDLO FRP
OLQD LJRUHYQD #JPDLO FRP

<gZkee"hd kmqgzZkgbo |I_g”_gpec ih\fyaZgbo a -g
kbkl_fb gZrh€ ~_j"Z\bRAkdZlmdhNphklej /\jhi_ckvdh]h KF
gZ i_jrbezg \boh~blv ijh[e_fZ is~]lhlh\db fZc[mlIgvh]l
jha\bg_gbfb dhfmgedZIib\gbfb dhfi_I|_dbghibilz gy f_
Zgleeckvdh€ fh\b yd fh\b fe'gZjh”rgh]lh kieedm\Zggy
knhjfm\zZlb m kim”_gle\ \bkhdbc je\ _gv gZ\bghd - an
afhlm ijZpx\ZIlb m iheedmevimjghfm k_j_~h\bse ij_:
"hkylg_ggy 1Z j Zeeam\ZIlb fh eb\eklv h[fegm agZggy
k\elh\hx kieevghlhx gZmdh\pe\ <bjer _ggy pe<}€ hk\
\[Z2qZ} aZ g_h[o*~geklv \g_k_ggy aftig\dith kizoh\gle\i
neabdhogegqgh]lh ki_peZevghkl_c

Gz "mfdm [Z]Zlvho \elgbagygbo 1Z aZjm[e'g
LF ;h*rgZjgmdZ F =mkzdzZz / Ahamees HDh\Zevgmd
K1 EmsbgzF Kfbjgh\h€F Kblgyde\kvdB€MK_gdZ |Z «g
[+eeg]\ZeZdgZggy neabdb nhjfm} i_\gm gbadm dhfi_
kim~_gle\ sh gz~zklv €f fh eb\eklv g_ Ileevdb
"hky]g_ggyfb k\elh\bo gZmdh\pe\ ¢« aZklhkh\m\ZIb €0
c ij_"klz\eylb k\h€ j_amevlZlb gZmdh\h€ ~eyevghk
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ijhkhje

;eeeg]\Zevg_ gZ\gZggy i_j_"[ZgZ} h*"ghqZkg_ \bdh
hhgelx } A j7Z\gZ Z[h jergZefh\aZ fggrZM gZrec N _j Z\e
fh_ev gZ\qZggy m aZdezZ”Zo aZ]lZevgh€ k_j_~gvh€ h
hk\elb \bdhjbklh\m}lvky g_ |« AZ}gh" " :gZe a hagZq_
ijh[e_fb ~Z} afh]lm ]h\hjblb sh [seeg]\Zevg_ gZ\qZgc
\bijzZ\*h\m} k_[_ m gZklmigboskgmnd~dZebdz deevd:
egha_fgbo kIm~_gle\ yde g_ \heh”exlv mdjZ€gkvd
\heh?exlv ohqg ¢ g_ j*ZgHrecKedhx fh\hx Lh~"e "ey
kiIVhjxxlv [eeeg]\Zevge ]jmib m ydbo \b\g_ggy
ki_peZevghkle \_~_Ivky h*ghgZkgh Zg]eeckvdhx [Z m

\bkhde \gmljerge klZg”Zjlb i_\gh]h aZzdeZ”m \bsh#€ I
ih \e~rghr_ggx 7~h idb]lhkhm™_gle\ fZ]ekljZImjb LhA
fZ]ekljZzgle\ V\ijh\ZA"mxIvky [eeeg]\Zevge dmjkb a-
gZijbdez® ©NeabdzZ g _\ihjy*dh\Zgbo klIjmdIimj Zg]le
AZagZgbfh sh 1zZdzZ ijZzdlbdZ kvh]h”~ge agZcreZ k\h}
[Z]ZIvho aZdeZ"Zlo\\bsk€@h Ijb pvhfm [eevreklv ~hk
ijhihgmxlv ihgbgzZlb gZ\qZggy m [ceeg]\Zevgbo mfr
dmjkzZo [ZzdZeZ\jZIm o \ fZ]ekljZImje

AZagZgbfh sh \ hklzZzggec qZk \k_ qZkler_
\ijh\Zz~"m}livky Zglehfh\g_ \bdezZ”~Zggy ijhneevghb«
ihgbgzZzxqgqb a fheh”rbo dmjke\ LZd m gbape ijh\enrg
ihklecgh azklhkh\m}lvky Zglehfh\g_ Igo\grfagdy r
"bkpbieeg Db€\kvdbc gZpehgZevgbc mge\_jkbk | «f_g
kim~_glb kemoZxlv e_dpe+€ Zgleeckvdhx fh\hdkha f_o
fzl_fZlbgghfm nZdmevl_Ils GZpehgZevgbc mge\_
Fhlbeygkvdz zZdZdg'Zfepypjh*gbghfm nZdmevl_Ile \_ebdZ
gZ\qZevgbo dmjke\ \bdez”Zxlvky Zgleeckvdhx fh\h
mge\ jkb# glZ nZdmevl Is egnhjfZpecgbo kbkljk « | o
neabdb \bdez”"Z}lvky Zgleeckvdhx fh\hx Q_jdzZkvd
mge\_jkkl:. IF =mkZdhf gZ dZn_"je neabdb \ijh\Z~" _gh
I1Z [seeg]\Zevge dmjkb ea aZ]Zevgh€ |1Z |_hj Ibggh€
gZpehgZevgbc | _ogeqgbemmgh\Z{KkbhlktZfdh\gbc dmjk «a
aZlZevgh€ neabdb “ey kIm~_gle\ ]JZemaes agZgv
_e _dljhf_oZgedz?® > @

:e_ \Zjlh \e~jZam aZagZgblb sh [eevreklv klm”_gl
gZ\gZggy g_"hkdhgZeh \heh”exlv Zgleeckvdhx fh\hx
\djZc ZdimZevdgbtikjEZRlIZggy [*e+sg]\Zevgbo dmjke\ [Ijh
hrghgzkgz ~\hfh\gzZ ijZzdlbdzZz \bdezZ”Zggy dmjkm
mdjZ€gkvdhx 1Z Zgleeckvdhx fh\Zfb AZklhkm\Zggy |
fh eb\eklv ge\_ex\Zlb jeagbc ihqgqZldh\bc je\_gv agZ
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fhib m klmle\ c Ibf kZfbf ie*\bsm} je\_gv kijbcgylly e_
ijZdlbgghlh fZI_jeZes\ > @

GZ kvh]lh~ge [seeg]\Zevg_ gZ\gZggy neabdb yd m
k_j _"gvh€ hk\elb 1Zd « azZdezZ”~Zo \bsh€ hk\elb fZx
ijh[e_f =heh\ghx } \erRihl\gplgik]he f_Ih~"bggh]h azZ[_ai_
m \b]Jey”e ijh]jZf dmjke\ ihke[gbde\ 1Z f_Ih*"bggbo j_
ijh\_~ _ggy jeagbo Ibie\ aZgylv >ey mkmg_gge [jZdr
\elgbagygbfb 1Z aZjm[e"gbfb iF*ZiZdH D:h\Zevgmd
K1 EmsbéF Kfbjgh\Z 1Z «g ijhihgmxlvky Ze]lhjblfb
f lh*bggbo \b~r"Zgv "ey [+eeg]\Zevgbo dmjke\ aZ]Zev
neabdb Zgleeckvdhx <+ mdjZ€gkvdhx jhkeckvdhx
I_hj_Ibqggbc 1Z ijzdlbggbc fZl_jeZe ih~"Z}Ivky ~\hfZ fh
gZnkfe gbo klhjegdZo HagZq_gZ f_lh”"bdZ ih~rZggy e_
NZ} fh eb\eklv [eevr ]Jeb[hdhfm aZzZk\h}ggx |_hj_lbqgl
ki_peZevgh€ gZmdh\h€ [|_jfegheh]e€ sh ieA\bsm} -«g
aZk\h}ggy g _h[oe*gbo agZgv > @ LzZdbao _idtovgdekidZ
ijb i*~]lhlh\pe yd \elgbagygbo kim”_gle\ghbZdpe\kim~
azdezZ”"Zo \bsh€ hk\elb Mdjz€gb Q_jdzZkvdbc gZpeh
AZihjeavdbc gZpehgZevgbc |I_ogeqgbc mge\_jkbl I |
N j7Z\gbc f_~bggbc mge\_jkbl_|I

AhlJey™"m gZ \bs_ kdZazg_ fh gZ ajh[blb \bkgh\hd
[*eeg]\Zevg_gZ\qZggy } fhlmlgef aZkh[hf ie*]hlh\db f
1Z \bklmiz} a\fyamxqbf eZgpx]hf fe° ijhp_khf gzZ\qzZ
azZzdezZ”Zo \bsh€ hk\elb 1Z aZzZiblzfb kmqgzZKgHhHlh jb
[*eeg]\Zevge dmjkb +gl_]jmxlv neabqgge 1Z esg]\*klbq«
fh eb\eklv g_ leevdb €0 ih}*gZlb Ze_ c i**"kbeblb \Db]
fbke_ggy ydbc \e?ih\erZ} jhalbldm dhfmgedZlb\gh:
kim~ _gle\ :e_ yd ihdzZzaz\ dgi{2pa ekgmhkpb iblZggy
kvhlh~rge aZebrz}Ilvky ZdimzZevgbf ijh[e_fZ f_Ih*bqg
[Zdbo dmjke\

Kibkhd \bdhjbklZgbo " _j_e

=mkZd- ;eeeg]\Zevgbc i*”*0o*" "h \bdeZ”Zggy neal
rdhes :g”™jec =mkZd :ggZ Dh\Zevgind +dJd<"gZ rdhe
K

Dh\Zevgmd : H 1l1la “hk\e*m \bdeZ”~Zggy [*e-g]\
fZc[mlgef fZ]ekljZf m ijh\egpecgHflnh\<Z&Agmd <ekgl
O G Mt < +K

Emsbl Hkh[eb\hkle aZklhkm\Zggy [celdyiNrklbq
gZ\gZggy ijb \bdez”~"Zgge dmjkm aZ]Zevgh€ neab
mge\_jkbl_Isd EKnsbg NfalbdBAIbggZz hk\elzZz
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< +K

KfbjghWF Bkihevah\Zgb_ ijbgpbiz [bebg]\ba
h[mg_gbb \ bghkljZgghc ZEnXKdbjigo\z A< _klgbd IJM>C
K_jbyhijhku h[jZzah\Zgby yaudb b ki_pbZevghklv
K

5HIHUHQRH\Q \DODBAWHD® VO LWHUDWH G

*XVINO %LOLQKYDOQ\L SLGNKLG GR Y\NODG
VKNROL >%LOLQJXDO BXSWIRI/FB W R RGHIEK VG K F
*XVDN $QQD .RYDOFKXN% 54GIRD WKSNROD
,@NUDLQLDQ

.RYDOBKXN,] GRVYLGX Y\NODGDQQLD ELOLC
PDLEXWQLP PDKLVWUDP X SURYLQWVLLQRPX 9
7HDBKL%LOLQJXDO 'LVFLSOLQHV WR WKH 3URVSE
8QLYHUVLW\@ $ 2 .RYDOFKXMIR 9E®¥Q\N .K18
,Q 8NUDLQLDQ

IXVKFKLQ 6 3 )HDWXUHV RI WKH $SSOLFD
OHWKRG IRU 7THDBKLQUFVWHQRXDWH DW WKH 7HFK
3K\WLFV DQG ODWKHPBWLFY¥ ,V&XFHDWIRQ
,@NUDLQLDQ

6PLUQRYD = 0 ,VSRO]JRYDQLH SULQWFLSD
LOQRVWUDQQRL DXGLWRULL >8\ALQQ WHIHD BKILLQF IS¢
IRU IRUHLJQ VWXGHQWV@ = 0 6PLUQRYD 9
REUD]JRYDQLLD LD]¥NL +VEHWFLDOQ®\BWVVLDQ

SHFHLYHG $SULO LQ UHYLVHG IRUP
$SULO
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ljh_dlgzZ "eyevgeklv
yd aZke[ j_ZecaZmdB 6B (§Z2\qZgges neabdb

<edlhjey E_hge"*\gZ ;mavdh
DhfmgZevgbc aZdezZz"\®@GR\gZey§h gZggy «
©Ki_peZecah\ZgZ aZ]lZevghhkVWlmgy gehepd ,glj kil _Ibqg
\boh\Zggy ©GZlog_ggy?2vDmjghfhkMdVYk€ jZ*b Dejh\h]jzZ"
h[eZkle2 \me <_ebdZ |I_jki_dlb\gZz f Djhib)\
Mdjz€gZ
YLND EX]NR#JPDLO FRP

:ghlZpe*y_Ihx "hke*" "} dgn\Z~" _ggy ijh_dligh€ "~eyev
m gZ\qZggy neabdb "ey j k- peEZ§Ghke""_jgy
gZ\_"~_ggy ijbdezm \ijh\zZz~"_ggy ijh_dlgh€ ~"eyevgl
neabdw[Y}dlIhf "hke*} gop_k gZ\qZggyljndb tbf
"hkee”" _pdpdhjbklzZzggy ijh_dle\ yd aZkh[mhk\Zl&beaZp
0Z\qZgge neabdb M KklZIle jh\d]lelygifph hdfilghetb "eyevghk
0Z\qZgge* neabdb "ey j_Zhds\allp+€bh7d(j0 fe _gh \b"b ijh_
m gZ\gZevgec "“eyevghkle GZ\_~ gh ijbdezZ”b \ijh\Z
Neyevghkle m gZ\qZggy neabdb Jhaleygmlh j_ZeesaZy
Ahihfz]z} \b\gzZjbh~gjlbge gZmdb2 azZ ~hihflkjhode¥*RRJ
J ameviZlb "hkeé¢hal\dheyxlv aZagZgblb sh ijh_dlgZ ’
m gZ\qZgge neabdb ~hihfz]Z} _n_dlb\gh \bjerm\z
ijZdlbgqgbo az\~*Zgv « kijbylb ijhnhje}glZpes€ mqgge\

Dexgh\e kehjE_dIgZ "eyegf\akdggy neabdhk\e740

9/ %X]NR 3URMHFW DFWLYLW\ DV D PHDQV
HGXFDWLRQ LQ WKH VWXG\ RI SK\VLFV

$SEVWUDHMWUSRVH RILWRKHRVWSOHPHQW WKH St
WKH WUDLQLQJ RI SK\VLFV IRU OVWHKEHX ALIP\S DRI® H G
REMHFWLYHVLR| WHKH HIDFBEOH RI WKH LPSOHPHC
DFWLYLW\ LQ WKH WHREBM@BWR R & K\WWHIHD SRKRHF H
SK\VLFV W HDMKENH F WKRIVUWKHDXMWK RI SURMHFW
LPSOBWHQJ BIGXFDWLRQ LQ SK\WLFV WHDFKLQJ
SRVVLELOLWLHV Rl SURMHFW DFWLYLW\ LQ SK\V
67(OHGXFDWLRQ 7KH W\SHV RI SURMHFWYV LQ Wt
RXW ([DPSOHV RIQRIOMRHBURWMHEW DFWLYLW
SK\WLFV DUH JLYHQ 7KH LPSOHPHQWDWLRQ RI "
VFLHQFHV  SURMHFW ZLWK WKH KHOWBHRIXTRR\ GRH
VWX@GLFDWH WKDW WKH SURMHRW DXRWLFVY W\H
HITHFWLYHO\ VROYH D QXPEHU RI SUDFWLFDO S!



lgnhjfZpeaghfmgedZpecge |_ogheh]e€ \ hk\ele

JXLGDQFH VWXGHQWYV
H\ZRUGWKH SURMHFW DFWLYLWMGXANWEWR QVH I
$IILOLDOWW@RFLSDO (VWDEO(EKPBWWRQDHD E®LF
©6SHVLDOL]HG 6HFRQGDPWD GHYRROVRIKHWLF 8SE
©1DWKQHQLD?2 .LURYRKUDG &LW\ &RXQFLO .LUR
3HUVSHFW\YQD 6WUHHW .URS\YQ\WVN\L &LW\
(PDLO YLND EX]NR#JPDLO FRP

?2n_dlb\gbhf aZkhgh&Zpze GKE{OIb } ijh_digZ ~eyevg:

magg-e\ <bdhgZggy gzZ\qZevgbo ijh_dle\ i_j_"[ZqZ
Neyevgeklv mqgge\ ca ~_deevdho ij_~"f_Ile\ kijyfh\zZg
hljbfZggy j_amevlZIle\ ie® d_je\gbpl\hf mgbl_ey <e”g
rdeevgbo ij_W“f_IBo kezZ[dbc \az}fhalfyahd i_j_rc

nhjfm\Zggx peeskgh]h kijbcgylly k\elm AZkh[hf "ey \
ijhibjeqqy } fe ij_~f_IgZ «gl_]jZpey \ hk\ele f _lhx ydh
\ mgge\ kbkl_fghkle agZgv > @

AZa\bqZc ijh_dlgz "eyevgeklv MhbeyKi}ldkAo myd
i_"Z]lh]leqg_ ijh_dIm\Zggy vyd ijh_dlgzZz ~eyevgeklv mq
\ kbkl_fe hkgh\gh€ « "h~Zldh\h€ hk\elb > @

Alergh +a >@ kijh_dlb ~hpeevgh ihfhémlblbyge
ijh_dlb ih\fyazge a Ijm~h\hx kirhryeWweeklixh dl
"hkeergbpvde ijnZddBevges ijh_dlb “~ey h\lheh”eggy
gZ\bqgdZzZfb

GZ gZrm “mfdm ijh_dlgZ ~eyevgeklv yd rekAkbkl) j_Z¢
m gZ\gqZgge neabdb ~“halhey} <gl_]jm\ZIlb agZggy
ijbjh~rgbgbo ij_~f_le\ azZklhkh\m\ZIipbh€m nblilk\kyd”_g

Yd ijbdez” jhaleyg_®b7®74A{B_dl ©DZjlhiey "~hihfz
\b\qZlb ijbjh*gbge gZmdb2 m ydhfm a”eckgx}lvky
o*fe€ [eheh]e€ AZagZg_gbc ijh_dl ih\fyazZgbc a -
fbkl_pl\hf Mqgge gZ\gZlvky rmdZlb vhabyZIlb "ZigZp
dhjbkimxqgbkv jeagbfb ~°_j eZfb =« ij_~klZ\eylb a”h
egnhjfZpedgbhmgedZpecgbo | _ogheh]ec Ijh_dl [meh |j
jZzfdZzo fegzZzjh~rghlh dhgdmjkm 67(0 'LVFRYdHWUNgyHHN

jhdm hj]JZgeah\Zgh]lh 6GFL(HQNL] DQG 6<

ljh_dl ©DZjlhiey ~hihfz]z} \b\gzZlb ijbjh~gbq
jhajZzoh\Zgbc gz mdg2Zke\ M ~Zghfm ijh_dls mqg-
\eZklb\hkle dZjlhies a IThgdb ahjm ijbjh*gbgbo gZmd
ihgylly a neabdb azZklhkh\mxlv hljbfZzgge-dgeZdgy a
neabdb \ ih\kyd®_gghfm “blle Hibk ijh_dlm gzZ\_"_gh

<bk\ele_ggy "eyevghkle ]jmi a”eckgx\Zehky az *
*RRJOH > @ Mqgge* nedkm\Zeb dh gbc djhd k\h}€ 7\
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ijbkljh€\ klI\hjx\Zeb ij_a\BEbp-€-ahbdhg

nedkm\Zeb IZ j_~Z]Im\zZ

LZ[ebpy
ljh_dIl ©DZjlhiey “hihfzZ]Z} \b\qZIb ijbjh”*"gbqges gZn

F IZ ijh_dNmmjfm\ZIb \ mqge\ icagZ\Zevgbc -«gl

ijbjhrgbgbo "bkpbieeg \boh\m\zZlbz\be
ZgZesam\Zlb egnhjfZpex jhal\b\ZIb ¢
ij_~f_le\ Jha\b\ZIb \feggy aZklhkh\m\Z
I1Z gZ\bgdb m ih\kyd” _gghfm “blle

ggy hlj
gl_j_k

Kijyfhimx
aZiblZggy

@b ~hihfh _ gzf dZjlhiey m \b\q_gg- ij

bjh~gb

Dexqgh\e
aZiblzggy

Qb \ieb\WhofZev gZ \eZkib\hkle dZjlhig
Qb fh gZ hljbfzZIlb _e_dljbqgbc kljmf a2
Yd dZjlhiey \bdhjbklh\m} hkfhk"

YdZ «klhjey dZjlhies’

7\Aydb

L fZlbgge
aZiblzggy

Yd ijblhIm\Zlb djhofZev \ "hfZrgeo mfh
Yd \b]Jhlh\blb de_ckl_j"

Yd gZdjhofZeblb IdZgbgm"

Yd ijb]him\ZIlb dbkeev"

Yd \bagzZgblb \elZfeg K \ dZjlhies"
Ydbfb gbghf “bnmaesy « hkfhk a\fyazZg-
Yd hljbfzlb _e_dljbggbc kljmf a dZjlhi
Yd \bagzZqgblb deevdeklv djhofZex
ki_peZevgh]h h[eZ”"gZggy"

\Zo"

adzjl

0e

Hibk ijh_dIfh_dl jhajZohyZgbt¢b ~_gv Mgge deZz

]Jimib

=jmiZ [shdhbj\_Ibde\ "hkes*""m} \ieb\
\eZklb\hkle dZjlhiees 1Z gZy\geklv \elZfs
=jmiZ [*hehZdlbde\ ijh\h”*blv "hkee?
\elZfegm K \ dZjlhiee

=jmiZz oAfpjdZed I bde\ "hkee”r"m} \b
djhofZex a dZjlhiee \ "~hfZrgeo mfh
de_ckl_j gzZdjhofzZex} IldZgbgm J]hlm}
=jmiZ nealbdj\ Ibde\ a]JZz"m} y\bs_ "b
ihgylly ihklecgh]h kljmfm ]mklbgb

=jmiZ neaibdelbde\ ifybilhv ©H\hqg_\bc
©ljbfoeb\z dZzZjlhiey2 ©BZ2jlhjieesh Kklji
©<bagZq_ggy djhofzZzex \ dZjlhies \ a
]mklbgb \ *hfZrgeo mfh\Zo?

=jmiZ eklhjbde\ ~hkeer""m} eklhjex i
gZrhfm jZpehg-

=jmizZ fbkl_pl\hagz2\gs\mth&zZjlhiex m

gm K\

dbkeev

fokl _pl\e
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GzZ\_"_fh ijbdezZ” “hkes"m a neabddh_@DZljmém?
jbk

Jbk >hkes” ©ORZ]jIhieyh kljmfm?a

F_ 1z i_j dhgZlbky sh dzZjlhiebgz fh _ [mlb ~" _j_«

H[{ez~gZggy |Ijb dzZjlhiebgh fhgrllb fhg_tb

ri af}*"gm\zZevge ijh\ergbdb ]JZev\Zghf_Ilj \hevlIf_

O+« jh[hlb

Mgge af}*gmxlv ihkee*h\gh dZjlhiebghb

[e7rf}rgmxlv ]Zev\ZghdkimjxlIv hljbfZgbc j_amevlZl

[er"f}rgmxlv hljbfZzg_ dheh ~h \hevlIf_I§B \«~f
\er"obe_ggy kljeedb ijZzdlbggh \e*kmlig}

GZ \enrfegm \e™ |jZ"bpecgh€ hj]ZgeaZp+€ gZ\qZevg
ijh_dlb gZ[eb Zxlv mqgge\ ~h ijZdlbdb mkm\Zxqgb
|_hj_Ibqgbf jhalfyazggyf ijh[e_fb « ijZdlbggbf \lee_
gZ[mlbo agZgv MX\g"hfesggeklv \bdhjbklZggy agZgv
"bkpbieeg i qZk jh[hlb gz~ ijh_dIhf kijby} fepghfm a
fZl _jeZem
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Kibkhd \bdhjbklZgbo ~"_j_e

;mavdlE Ijh_dlgZ ~eyevgeklv mqge\ hkgh\gh€ rdt
nhjfm\Zggy icagZ\Zevgh]lh egbdb kih&rhlavm h <skghc
Q_jge]l*\kvdh]h gZpehgZevghlh i_~Z]lh]leqgh]l]h mg-
| _~Z]lh]legqges gDMpde]s\ QGIMt<bI K

smavdlE J ZeecaZpeRk6YI[Om ijhp_ke gZ\gZggy n-
aZlZevghhk\elgec rBhmeavdk Ok{@IZijh[e_fb 1Z
i_jki_dlb\b fe'gZjijhHdimdk _fegZj “hllgy i
a[ejgbd fzIl_j+«bémib\gbpvdbc DE: G#M

N_~hjgmd Kmqzkge i_"Z]h]eqge |_ogheh]e€
f_lh~"bggbc ihke[gWddjmdeZ*"ZGN2" hjgmdDZfyg_pvV
Ih~reevkvdbc :[_ldz Kk

DZjlhiey ~hihfz]z} \b\gqZlb ijbjh~gbge gZmdb :
i_kmjk@ <mEa v dh + J_"bf Ahklimim
KWWSV VLWHYV JRRJOH FRP VLWH SRWDWRHVDQ

5HIHBHQ® WUDQVODWHG DQG WUDQVOL\

%X]NR 9 / 3URHNWQD GLLDOQLVW XFKQLY
IRUPXYDQQLD SL]JQDYDOQRKR LQWHUHVX GR IL]\
PDLQ VFKRRO DV D PHDQV RI IRUPDWLRQ RI F

9/ %X]NR 9LVQ\N &KHUQLKLYVNRKR QDWVL
XQLYHUV\WHWX B6HULLDz* SKIBDERKLLYF K Q& KBS N\
9\S  +6 ,Q 8NUDLQLDQ

%X]NR 9 / S5HDOLJ®DW\ALM\DX6BWRWVHVL QDYF
]JDKDOQRRWKINR@L >,PSOHP HIGWBDWRRQRL @ WX H
WHDFKLQJ SK\VLFV LQ D JHQHUDO HG X FIDWWLLRACD V
+SUREOHP\ WD SHUVSHNUD N W LYK®D KRY QAL D

U JELUQ\N PDMRSULP\OLY./$ 1$8 +£6
,@NUDLQLDQ
JHGRUFKXN ( , B6XFKDVQL SHGDKRKLFKQ

SHGDJRJIJLFDO WHFKQRPRWRIF@®KQ\DDYRYKDOMR
XNODGDFK ( , +).DERUBKMGM\OVN\L  $EHWND
,@NURLDQ

.DUWRSOLD GRSRPDKDLH Y\YFKDW\ SU\URGZ
VWXG\ QDW X U(D® FAR UR Q ER VU@ %RNKRJ BH AS$SFFHV YV
PRGH KWWSV VLWHV JRRJOH FRP VLWH SR
,@NUDLQLDQ

SHFHLYHG ObQ UHYLVH®VRUP $FFHIWMG
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F_Ih*bqgge ijbchfb nhjfm\Zggy \ mqg-\
dhgkljmdib\gbo mifgVvZ&7 (0 hk\e«Ilb
gZ ijbdez”e \bdezZ”Zggy rdeevgh]h dmjkm ]_hf_

K\eleZgZ FboZcee\gZ KbfZg
Ge bgkvdbc esp_c Ge bgkvdIQE fgkpdke€djizeth[eZkle ij
Ge bgkvdhfm ~_j Z\ghfm mge\_jkbl_le of ge Fbdhe
\meh]mgZ G« bg MdjZ€gZ
VYLWODQD VLPDQ#JPDLO FRP

:ghlZpe¥_Ihx ~hkee”” lgglyajh[dz 1Z _dki_jbf_glZe
i_j_\ejdZ _n_dIbf\ghRbdb nhjfm\Zggy dhmgiggmdib\gbo
mfegvAZZgb "~hkee”"_gg¥b\y_ggy hi_jZpecgh]lh kde¢
dhgkljmdlib\gbo mfegv mqgge\ \bagZqg_ggy f_lh”"bqg
nhjfm\zZggy ]_hf_Iljbggbo ihgylv \ mfh\Zohk\ddbeazZp
\en[ej afeklm gZ\gZevgh]lh fZl_jeZehhNEq\dlaa Zjdp cdndy\ f_
sh kijbyxlv nhjfm\Zggx \ mqge\ dhgkljmdIib\gho mfegv
aZkh[s\ dhgkljmdIb\gh€ 7e¥yqq§dkith keped s\ Bagpyhp_k
nhjfm\Zggy ] _hf_ljbggbo mfegv mqge\ gZ mjhdZz
aZlZevghhk\elgec Iydhfeedhf ~hkeeggy ¥_Ilh"rbdZz
nhjfm\Zggy dhgkljmdlib\gbo mfegv mqgge\ \ mfh\Zo |
hk\elb >hkee”” ggy a”eckgx\Zehky reyohf ZgZeesan
"Zgbo a ijh[e_fb “hke*”" _ggy gZ hkgh\e \b\g_g
i_~Z]lh]leqgh€ f_lh"bggh€_e-HljEgrgpmo kpp\knrgdeevgh€
ijZzdlbdb \ezZkgh]h i_~Z]lh]Jeggh]h ~hk\e"m [jh\h~"E
deevdekgbc ZgZeea maZ]Zevg_ggy mgomeviXikjh§z\
jhajhfe_gh f_Ih”*bqgge ijbchfb kbkl_fm gZ\qZevgbo aZ
kijyfh\Zgbo gZ nhjfm\zZggy \ diggyagbd mhyfllgm h[%jmglh
djbl_je€ \e~[hjm azZkh[s\ dhgkljmdlb\gh€ ~eyevghkle m
hk\elb

Dexgh\s keh®Z (thk\slZ dhgkljmdlb\ge \feggy gz
]_hf_lje€

60 6\PDQ OHWKRGV RI IRUPDWLRQ RI SXSLO\
WHUPV (Rl HGXFDWLRQ RQ WKH H[DPSOH RI WHDI
JHRPHWU\

$SEVWUMKHNDLP RI WKHWKWXGMYHORSPHQW DQ
YHULILFDWLRQ RI WKH HIIHFWLYHQHVV RI PHYV
FRQVWUXFWLKH REME EWMMBBN\HRWW W X G\ WKH R
RI WKH FRQVWUXFWLYH VNLOOV RI VWXGHQWV \
RI RUPDWLRQ RI JHRPHWULF FRQFHSWYV LQ WKH
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HGXFDWLRQ VHOHFWLRQ RI FRQVGH@W LRALQG WAL
PHWKRGV IRU GHYHORSPHQW RIKS$IXEE @ YT \WRRY VW
LV WKH SURFHVV RI IRUPDWLRQ RI VWXGHQWVT .
VFKRAK® VXEMHFW IRM WKH WWRIGQLTXH RI IRUPD
FRVWUXFWLYH VNLOOV LQ WKH FRQWH[W RI 67
UHVHDUFK ZDV FDUULHG RXW E\ PHDQV RI DQDO\
UHVHDUFK SUREOHP EDVHGSRGDWRH. FVDVX ®\QRI FSt
OLWHUDWXUH HONFWRRQLFUDAWRRKHFBIQG RZQ W
AXDOLWDWLYH DQG TXDQWLWDWLYH DQDO\VLV .
PHWKRGVY DQG WKH VIVWHP Rl OHDUQLQJ WDVNV
VWXGHQWVY FRQVWUXFWLYH DEW®GW QMW JFER Q\
DFWLYLWLHY LQ WHUP RI 67(0 HGXFDWLRQ
H\ZRUGW(0 HGXFDWLRQ GHVLJQLQJ VNLOOV
$IILOLDMILIR@ /\FHXP RFLUW]KFQ XSKHOLRLY UHJ
EHKDOI 1L]K\Q *RJRO 6WRKWRAQLPHUVLWENUDLQF
(PDLO VYLWODQD VLPDQ#JPDLO FRP

Gbge gzZ”a\bqzZcgh ZdImzZevghx } ijh[e_fzZ klI\hj
f_lh"bgqgh€ [Zab "ey j_ZakaZlipe€j6aji{dZ gkljmf_glZ]j
\ijh\Zz~" _ggy m rdeevgm GZdlipkdimb\ZZm]lhjblfeqgh
egnhjfZpecginfmh”m ~h gZ\gZggy \gZkee~hd ghlh fb
aZebrz}lvky gz j_ijh*mdlib\ghf@hkivy2 i_j ~[ZqZ}
nhjfm\Zggy \ mqge\ \e~ih\e*gbo mfegv + gZ\bqghd
"hkeergbpvdh€ \bgZoer"gbpvdh€ dhgkljmdlib\gh€ "ey
hf _ljsy yd gzZ\qgevfblc fZz} agzZqge |j_kmjkb
J

dhg I'mdlb\gh€ Neyevghkle mqge\ \bdhgZggy ]_hf
ah[jz nelmj m iZjZe_evgec ijh_dp-€ dhgkljm:
] _hf_ |]bng0 ihgylv 1z ~h\_~ _ggy J]_hf_ljbggbo
\b]Jhlh\e_ggy fh”_e_c iehkdihd_rdphopgdd Jee Ihsh

Yd \e~hfh I\hjq_ dhgkljmx\Zggy gh\bo h[jZa-\
\er[m\Z}Ivky gZ [Za+ knhjfh\Zgbo jZger_ maZ]Zevg_g
h[jzae\ AZ gzZ~fejgh]h \bdhjbklZggy kijh_dlh\Zgbo ]}
mgge+\ ih]Zgh nhjfm}ivky ygfmdgyb \bHhjZ  _ggy nelmj
iehsbge Lhfm gZ ihqzZldh\bo _1ZiZo \b\g_ggy kl_j_F
knhjfm\zZlb ©nmg~zZf_gl® gZklmigh#£_jdhghj§nzehbd B
Neyevghkle ~el _c a ]_hf_ljbggbfb h[f}dIZfb

GzZ\qZevgbf fZl_jeZehf gZ hkgh\e ydhihZIbhpeev
pee_kijyfh\Zgm jh[hIm a jha\bldm hi_jZpecgh]lh kdeZ
mfegv mqgge\ } kbkl_fzZ az”~Zq gz ih[m~h\m ijhkl}
dhf[egZpec \erih\ergh “h aZ”"Zgbo mfh\

Hrgbf ea f_Ih”bggbo ijbchfe\ sh agZqggh i**\bsblv
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dhgkljmdlib\gbk€ghkle ~el_c } ih_1ZigZ afegZ mfh\b &
gbghf sh[ hohiblb ydhfh]Z [eevr_ jeagbo \biz~"d
jhafes _ggy aZ”~Zgbo ne¢]lmj

Jhaleyg_fh Zelhjblf j_ZeeaZpe€ \dZaZgh]lh ijbch
mfh\b az”~zZq+? gZ ijbdez”s jhal\fyam\Zgdmi aZHhzZqg-
kl_j_hf_lje€2 dezZk

Az~rzZqifh\Z >\e iehsbgbj_ IbgzZxlvky ih Hyfec
Lhgdb } kieevghx "ey igyfbRZ iehsbgbYd fh _
jhafesm\Zlbky Fyf¥ghkgh iehsby MdZ «Ilv mke fh eb\
\biz~db

<azZ}fh”ey gZhqghlh <h]BE[kfibXelgggy ihgbgZ}lvky
fbke_gg}l\hlh mi\hj_ggy gZhggbo h[jZae+\ gZ hkgh\e ke

M ijhp_ke hkfbke_ggy |I_hj_Ibggh]lh fZl_jeZem g2zt
ey Z[kljZzdlgh€ fbkebl_evgh€ ~eyevghkle “ey jham
hi_jZpec GZ ihqzZldh\B@kIHEimM\&Zggy ijbchfm ©\Zjex
mfh\b azZz”*Zqg<2 m ydhkle aZkh[*\ gZ\qZggy “hpeevgh \I
]_hf_ljbggbo nelmj ebr_ ihlef [Mm*m\ZIb €0 ah[jZ _gg

Mqgg- ijhZzgZeeam\zZ\rb mfh\m az”~Zqg- hi_jmxlv
jZger_ h[jZaZzZfb kbgl amxlgxx€w ma\gek ih[m~h\b
eexkljmxlv j_amevlZl jh[hlb \ ij_~f_lgec "eyevghkle a
iehsbg ijyfbo Ihsh \bdhgmxlv ah[jZ _ggy ne]lmj |Z
ijZ\bevgeklv ih[m~h\ gZ hkgh\e Zdkehf kl_j_hf_lje€ 1Z

GZ jbk ah[jz _ghefih\s \biz~rdb \azZ}fgh]h jhafes
ijyfh€\e*ghkgsh alJe*gh mfh\b "*Zgh€ az"Zq-

A i*™\bs_ggyf je\gy gZ\g_ghkle 2el ¢ 1Z je\gy
Z[kljzdlgh]lh fbke_ggy jhev mgZhqg_ggy af_grblvk)
h~rjZam a”eckgx\ZIlb i_j_o+™ \e myb\gbeZihdmibhkmbpdZ
h[%jmgIim\Zggy ih[m~h\

GZ gZklmighfm _1Zie mqgbl_ev afegx} mfh\m aZz”
deevdeklv ~Zgbo ¢ 1Zdbf gbghf af[eevrb\rb deevdek
\biz~rde\ jeagbo jha\fyade\

Az~rzqifh\z >\e jehsbgbj_ IbgzxlvkyjyifecP
Lhqdx} kieevghx "ey Z)j¢yfh€hsbglyd fh _ jhafesm\Zlbky
ijyfzz\erghkgh"MdZ ¢lv mke fh eb\e \biZ~rdb

Al*~gh gh\h€ mfh\BDfhlhqglZz gZe_"Zlblijpjfse ~h
\bs_al]z”~zZgbo \biz~rde\ fh'gZ ijb}*gZlb s_ Ijb gh\e jb!

>Zee+ \qbl_ev agh\m fh _ afegblb mfh\m az”~Zq-

lekey dh gh]h _1Zim afegb mfh\b aZz”~Zq+< \ mqgge\ \b
kie\klZ\eylb ihje\gx\ZIb gh\e dhgnelmjZpe+€ ne]lmj a |
pvhfm a[Z]Zgm}lvky aZiZk ijhklhjh\bo my\e_gv mfeg
shkijby} jha\bldm I\hjgh€ my\b
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Jbk Jbk
<eNih\eMyjyfZ Z e_"blv meNih\eMyjyfZ Z e_"blv m
iehsbgei_ j IbgZ} iehsbgamsbgei j IbgZ} iehsbgm
m lhgpsh gZe_"blv ijlyfee Ihgpsh gZe_"blv ijlyfec
i _j_lbgm ~Zgbo iehsbg i_j_Ibgm ~Zgbo iehsbg

Jbk Jbk
<eNih\erVjyfzZ Z i_j_IbgZ§erih\erjyfZ Z e_"blv m
dh gm a iehshbg Ihdgpbsh dh gec a iehsbpijyfhx €o
gZe_"blv ijyfeci_j_Ibgm_j_Ibgm
NZgbo iehsbg

Jbk Jbk Jbk
<eNjih\eMjyfZ Z <e/Nih\eMijyfZ Z <eMih\eMjyfZz Z
i_j_Ibgz} iehsbgm IbgZ} iehsimggZe “blv iehsbg-

mlihgp® i_j_lbgzhgpd g_ i_j_Ibgidhoh”blv g_j_a
iehsbgmmlhgpeiehsbgm lhgdmD * g_

sh g_ gZe_ " Zlv i_j _Ibgizthsbgm
ijyfec i _j_lbgm

iehsbg
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>elb fh'mlv ijZpx\Zlb a dhfifxl_jgbfb fh"_eyfb ]_|
nelmj Ze_ ~ZgZ jh[hlZ fh _ [mlb a”eckg_gZ ebr_ g
fZxlv "hklzZlgec je\_gv jha\bldm ijhklhjh\h]h fbke_ggy
jhal\fyam\zZggy ih*e[ghofZzAZmfhABd \b\gq_ggy fZI_fZlIt
ijhneevghfm je\ge

Dhgkljmdlb\ge azZz~Zqe } i*"azZ”"ZqZfb [esevrhkle ] _h
ahdj_fz « az~Zq gZ "“h\_"~_ggy hkdeevdb [_a ih][
\eMih\ergh]lh ]_hf_ljbgghlh h[fY}dlZ g_fh eb\h jha\fy
rdeevghl]h dmjkm ]_hf _lje€

M dhgkljmdlb\gec ihhrkredRgtbpvdec “eyevghkle
ijhyleyxlvky a\fyadb fe¢' mkefZz dhfihg_glZfb jhamft
eh]eqgbf ijhklhjh\bf f_ljbqgbf kbf\heeqghbf o
J_Zeecamxlvky jha\b\ZevgZ |Z i«&gdAYeAewghhhgtidl |z

Jhaleygml_ iblZggy g_ \bg_jim} \kvh]h jhafz€lly Z
hjl]ZgeaZp+€ gZ\qZggy ]_hf_lje€ \ mfh\Zohki\sHbZA g«
rdeevgm ijZdlbdm Ahdj_fZ ihlj_[mxIv “hkee"" _ggy i
\eA[hjm \erih\ergh]ZedZlehnmglglh fZ1_jeZem aZkh[e\ gZ

Kibkhd \bdhjbklZgbo " _j_e
F_Ih~bqge j_dhf_g~Zpe€ sh”h \ijh\AX\=ldgym 67 (
aZlZevghhk\elgeo 1Z ihaZrdeevgbo gZ\gqZevgbo aZ«
gZ\qZevgbc jed >?e_dljhggbc j_kmjk@ ebkl
> j°Z\gZ gZmdh\Z mklZgh\zZz ©1gklblml fh*_fd.aZpe-€
+ k + J_bf Ahklimim
KWWSVY GULYH JRRJOH FRP RSHQ"LG % P 7T%0

5HIHUHQFHV WUDQVODWHG DQG WUDQ\
OHWRG\FKRRPHYEBBWRER DG]KIBD@RN Y XW\
]DKD O QR R WS R@IVNKH LEDIQA KK D QIN D G NN B LD
QDYFKDOQNDHWKRGUFRBRPPHQ GRQVWRE V
LPSOHPH®VSD {0 HREX F DMVILHFRIHD@®R\QF K RFGX FDW LR Q

L QV W L RVEKNVLIRIRWHK H DF D G MHPIEPG H F WWHR\QRGFU F H
O\I W "HU]K D@ R ONRWWDQBYWBWRREMUQL]DW
JPLVWRY YL WA . + V + $FFHWRGH

K W WESULIRHR FORHR S L@ % P 7T% 3. HNZW=)GK:;-X2"'J
,8BNUDLQLDQ

S5HFHLYH®&SULO LQ UHYSYWHIO IRUP $FFHS)
$SULO
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Mijh\z"~" _ggy _e_f6g(O\hk\elb gZ mjhdZo fZl_fZlbdb
af |lhx j _ZeesaZp+€ gZkdjeagbo esgec gZ\qZevgh€

L_lygZ <Zkbee\gZ Ijb"ZqZz
Djb\hjeavdZ i_~Z]h]eqgZ ]efgZa-y
Djb\hjeavdh€ fekvdh€ jZ"b >geijhi_ljh\kvdh€ h][
\me =_jh€\ :LHDjb\bfc Je] MdjZ€gZ

W D Q\ D N RIGPHOHERNP#

:ghlZpey_Ihx “hkee""}pgajh[dZ f_IhVipd\Z~" _ggy
_e_f _gle\ 6HAKO<lb gZ mjhdZo fzZl_fZlbdb a f_lhx
gZkdagbo eesgec gZ\qZevgBA& iflgldEbb hke P Zghheg-a
*kgmxgbo fh eb\hkl_c 1Z reyoe\ \ijh\Z"~" _gdgwyk\edb f_ gl
gZ mjhdZo fzZzIl_fZlbdb €0 aZklhkm\Zggy a f_|lhx j_Ze-
gZ\gZevgh€ ijhHEFpdIhf ~hkee”""}gopyhp_k\gZggy
fZl_fZlbdb mqgge\ hkgh\ghf ~fdhhefb "hkes”"_Bgy
\ijh\z~" _ggy _e_fé6g(®hk\elb gZ mjhdZo fzZl_fZlbdl
"hkee”" _gge* ijhZzgZesah\Zgh hkgh\ge reyob [Z gz\_*~
gl _]ljh\Zgbo mjhde\ az”~Zq ijZdlbgqgh]h afeklm gZ
j_dhf_g~Zpe<€ "ey | ZeeaZpe+€ gZkdjeagbo esgec gZ\qZ
©?dheh]eqgZz [_ai_dZ c klZzebc jha\blhd®@ @
\eNih\enrZevgeklv®d O©OA~™hjh\fy ¢ [_ai_dz?2 ©Il+"ijb}feb
ljZzfhlgeklv3_amevlZlb ~hkerhdZad@¥b sh \ijdgdy”" _
_e_f _gle\ 6AkO<Ib gZ mjhdZo fZijbZltbdb i«~]hlh\pe
mgge\ “h j_Zevgh]lh “blly nhjfm\Zggx dhfi_I_glghkl_
jha\fyam\zZIlb j_Zevge ijZdlbqgge ihlj_[b Z p_ \e”ih!
\bfh]zf kmgzZkgh€ hk\elb

Dexgh\e kemMZ(thk\elgzZz\qzZzggy fzl_fzZlbdb gZkdjeac
gzZ\qZevgZ ijhljzfz

7 9 3U\NGDFKD ,PSOHPHQWBWXRRWRRG7HOHPF
PDWKHPDWLFV OHVVRQV ZLWK WKH BXWWRIQJU
FXUULFXOXP OLQHV

$EVWUDKMW SXUSRVH RILWKMR VRMXHEDWR PHW
LPSOHPHQWDWLRQ RI HOHPHQWYV RI 67(0 HGXFL
RUGHU WR UFDDOWIH F FRWWLFXOXP OLQHV 7KH
DQDO\]H H[LVWLQJ SRVVLELOLWLHV MH@GX FIDNV RR
HOHPBQWWADWKHPDWLFY OHVVRQV DQG WKHLU D
FURRXMWWLQJ OLQHVKH REVUIEMK ®XRV KK ) FSVUHRIFUHF
VWXGHQWVY WHDFKLQJ PDW KHFAD WXEM HIOWR F RS
WKH LQWURGXRMWLRR6R(HBERAQRWLRQ DW PDWKE
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PDLQ ZD\V DUH DQDO\]HG LQ WKLV UHVHDUFK D
WKHPHVY WDVNV Rl SUDFWLFDO FRQWHQW PH
UHDOL]DWLRQWRMLRURFMYUULFXOXP O UG H\ FIRWH JLL
VDIHW\ DQG VXVWDLQDEOH GHYHORSPHQW  3&
VDIHW\" 3(QWUHSUHQHXUVKLA 1 QG I XQIVYF RD ON
VKRZHG WKDW WKH L QRGIFIDNWMRLR ¢! GRH PETQOVY L
FODVVHVIAQ O™ XEBOSWVYT SUHSDUDWLRQ IRU UHD!
GHYHORSPHQW WKDW ZLOO VROYH UHDO SUDFW
DQG UHTXLUHPHQWY Rl PRGHUQ HGXFDWLRQ

H\ZRUGBV (0OHGXFDWLRQ PDWKHPDWERWNW LG’
OLQHUVL FXWXP

$IILOLDWIYROQ 5LK SHGDJRJLFDO J\PQDVLXP RI
&RXQFLO LQ 'QLSURSHWURLY NJ/REGOW W5 L K
S8NUDLQH

(PDLO WDQ\DNROFKXN#JPDLO FRP

Mijh\Zz~" _g8¥(0Ohk\elb } h~gbf ea reyoe\ eggh\Zj
jhal\bldm fzl_fzZlbggh€ hk\elb <hgZ hohiex} jeage
ijbjhrgbgbo gzZmd <<g _g _j*€ | _ogheh]ec 1Z ijh]jZ
aZ[_ai_gm} \k_[*ggm is*]hlh\dm 7~ey a“h[mlly kmqgZ
NZoe\pe\ g _g_je\ ijh]jzZfekle\ 1Z egrbo

F Im rdeevgHB aAkilhabpe€ dhfi_| glgekgh]h ie®*oh”"r
kijyfh\Zzgh gz dhgdj_lgbc j_amekwvlzZIi@k\slb >

+gZ\gblb \gblbky Ih[Ih gZ\qgqblbky jha\fyam\ZIb ij
gZ\qZevgh€ "eyevghkle

+gZ\gblb ihykgx\zZlb y\bsZz sh kihkl_je]Zxlvky
\bdhjbkimxgb gZmdh\bc Zizjzl

+gZ\gblbky hje}gIlm\Zlbky m gZ]Zevgbo ijh[e_fZo |
Ih[lh jhal\fyam\ZIlb ZgZee<lbqge ijh[e_fb

+gZ\gblb hje}glm\ZIibky m k\ele ~moh\gbo peg
jhal\fyam\zZlb Zdkeheh]eqge ijh[e_fb

+gZ\gblb jhal\fyam\ZlbshhpaymzZge a j ZecaZp-*}x
khpeZevgbo jhe_c ]jhfz~rygbgz kih'b\Zqz iZp-}gl
lhsh

+gZ\gblbky jha\fyam\Zlb ijh[e_fb sh } kieevgbfb
ijhn_kecgh€ ~"eyevghkle dhfmgedZlb\ge ihrmdm c Z
hjl]ZgeaZpe\eghi€ "eyevghkle Ihsh

tgZ\gblbky jha\fyam\zZIb ijh[e_fb ijhnt]hkimdBE]b \b][
Ney ih~Zevrh]lh “blly

>hky]lb pbo j_amevliZle\ fh gZ reyohf \ijinhk¥AYb _ggy
gZ mjhdzZo fzZl_fZlbdb
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IblZzggyf mijh\z~2"6g9@yhk\elb ijbk\yg_ge "“hkee""_
> < <Zkbev}GhE<Zkbex®G F Deygh\kvdh€ G < JZr_
K H K_f_jed@@XZ+sgrbo LZd a@jkbléz"_gbc \e"ih\eng]
gZ\qZevgh€ ijh]jzfb a fZl_fZlbdb "ey@ kghbpeZ qdlgdlo
"ey \bdhjbklzggy \gbl_eyfb “~ephi*hpo\ybmshde\ m
dezZkZo IZ mqggyfb ~ey kZfhklecgh]h jha\fyam\Zggy a
f_ lhx azZdjeie_ggy agzZgv e« mfegv a fzZl_fZlbdb IZ
aZklhkm\zZggy fZl_fZlbggbo agZgv gZ ijZdlbpe 1Z i_j
kblmzZp-€

GzZ\_ "N fh dhjbkdiddl_jbklbdm gZkdjeagbo eegec
dhfi_Il_glghkl_c gZ\_~_gbo m gZ\gZevgec ij@]jZfe a f

GZkdjeagZ e+*gey ©?dheh]eqgZ [_ai_dZ c klZebc jh
gZ nhjfm\Zggy \ mqgge\ khpeZevgh€ Zdlb\ghkle \e
_dheh]eggh&hkhN=~hhlh\ghkle [jZIb mqgZklv m \bjer_g
al_j_"_9ggy "“h\deeey « jhalbldm kmkieevkI\Z mk\e~h
klZeh]h jha\bldm ~ey fZc[ml@ o ihdheesgv >

J_Ze+saZpey gZkdjeagh€ eege€ ©=jhfzZ~ygkvdZ
Kijbylbf_nhjfm\Zggx \<*hRhet2egd ]jhfZ”b « kmkieevk
jhamfe} ijbgpbib « f _o0Zgeafb nmgdpehgm\Zggy kmkiee

AZ\"Zggyf gZkdjeagh€ esge€ ©OA”Mhjh\fy ¢ [_ai_dZ:
yd _fhpecgh klecdh]h ge_gZz kmki-eka\Z a*“Zlghlh \_
bIIy e nhjfm\zZlb g&Z\[dhghai_qg_ "bllI}\_ j_"h\bs

GZkdjeagZ e+sgey ©le"ijb}feb\eklv - n-ngkh\Z ]JZH
gZ jha\blhd e+”_jkvdbo egepeZlb\ arzZlgeklv mi
I _ogheh]egghfm r\b~rdhafegghfm k_j ~h\bse aZ[_ai
jhamfeggy mqggyfb ijZkibdlgbamnegZgkh\bo iblZgv

Alergh f_lh"bggbo j_dhf_g~Zpec sh6@(0ifitk\ZN _gg)
m aZlZevghhk\slgeo |Z ihaZrdeevgbo gZ\qgZevgbo a

gZ\qZevgbc@jschikh[eb\hx nhjfhx g&®kdpeagh]h
gZ\gZggy } *gl_ljh\Zge mjhdb azZgylly

1gl_]jh\Zges mjhdb fh'gZ ijh\h”blb « ihaz f_"Zfb de.
klz~ehge \ kihjlaZzees Ilhsh 1" qZk [Zdbo mjhde\ ihlje]
mggyfb az ~hihfh]hx iekdm fhlmahd fZjdm\Zevghb:
lhsh \gblb \bfejx\ZIb \_ebqbgb amde hdibfh]hjxbpZz
djhdzfb Ihsh

GzZ\_"N fh ijbdez”b | _f gl _Jjh\Zgbo mjhde\ "¢
ngdj’agbo eegecC gZ\quvgh€ ijhljzfb a fZl_fZlbdb |

MKkierg_ ijh\_"~_ggy gl _ljh\Zgbo mjhde\ aZe_‘va ‘
\b[hjm kbkl_fb az~Zqgq ~ey jhabfiyam\Zggy gZ g

ljhzgZeeam}fh fh eb\hkle j_ZeeaZpe€ gZkdjeagbo
g_j_a jhal\fyam\zZggy azZ”~Zq gZ\_"~_gbo i**jmggbdm
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deZkm > @ 1Z aZzZedb®&imohdgeyh]ec
LZ[ebpy
ljbdez”b I_f egl_]jh\Zgbo mjhde\ "ey j_ZeeaZpe+€ gZl|
gZ\gZevgh€ ijh]jZfb a fZl _fZlbdb
< GZkdjeagZ esgely fb gl _Jjh\Zgbo mjhde\ [gZ\qZ¢
gZ\gqZevgh€ ijh]jZfbij ~f Ib sh «gl ]jmxlvky
?dheh]eqgZz [_a|©<e”rkhldh\e jhajZomgdb?
klZebc jha\blhd |neadmevimjZz
©?e_f_glb fzZl_fZlbklgzZgb®Ib
]_hljZney neadmevimjZz
©>h"Z\Zggy N _kyldh\bo
neadmevimjZ J[eheh]ey
=jhfz*ygkvdZz ©GZImjZevge IZ jbfkvde gbkez?2a
\eNrih\erZevgeklv |©?e_f_glb dhf[egZlhjbdb?2 |eklhjey
©?e f _glb fzZl _fZlbqgh€

eklhjey eegrbhdjZzIlijZ\hagZ\kl\h
AMhjh\fy ¢ [_ai_d&<e~rkhldb? neadmevimj
a“hjh\fy

©?e_f_glb fzZl_fZlbggh€
[jm~h\_ gZ\gqZggy neadmevimjZ
©AZ"Zqe gZ jmo? neabdZ |hkgh\b
©K_j_~g} Zjbnf_Ibgg_2

] _h]ljZney neabdZ
l[+~ijb}feb\eklv ©>e€ a A _kyldh\bfb
negZgkh\zZ ]jzfhlgekginhjfZlbdZz

©Az~Zqge sh a\h”ylvky ~h
j*\gygv® neabdzZ Ijm~h\_ gZ\qZg
©?e_f_glb fzZl_fZlbggh€
egnhjfZlbdZ neabdZ

< AgZchelv aZ]ZevigmklieensrgZ ih\_joge a_fgh€
ydsh iehsZ imkl_ev \ :\kljZe<*€ "hje\dx}_jbpad df
feg dfeevr_ g \ :\kljZe+£€gA :a<feqg [ddvr_ ge \
f_jbpe Z \ :niQ@- feg [dfvr_ g \ :f _jbke @

lekey jhal\fyam\Zggy p*}€ aZ”~Zqe* gZkdjeagZ eege:
c klZebc jhalblhd?® fh gZ jhadZaZlb mqgyf ijh |_ sl
ihklecgh a[eevrm}Ivky « p_ g ]ZIb\gh \ieb\Z} gZ keevk
_dheh]eqgbc klZzg iezZzg_Ib aZ]lZehf]é&ygrhIbfinkd4ejb\hk
%jmglm MdjZ€gb ie*dj_keblb \Z eb\eklv ch]lh a[_j_~
keevkvdh]lh ]Jhkih~*ZjklI\Z

GZklmige "\e az”rZqge fh'gZ jhaleygmlb i® gZk i
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mjhdm gZ \e~rdjblhfm ih\elje gZijbdez” [eey \h”gbo
djZzx Ihlje[gh \dZaZzZlb gZ h[f_"_geklv iblgh€ \h”b
azZ[jm~rg_geklv jeghd kleqgbfb \h~Zfb ie?ijb}fkI\ Ihsh

< GZc[eevr_ ha_jhtmZkiekkvd_ fhj_ fZ} Jeb]k

df Ha_jh ;ZcdZezx gdh&legb[r_ m k\ele Ch]lh Jeb[b

df [evaZ ]Jeb[bgm DZkisckvdh]h fhjy =eb[bgZ ha
:njbdZ klZgh\btf GZ kdeevdb ;ZcdZe ]Jeb[rbc aZ LZ
LZglZgv€dZ Jeb[rZz aZ DZkie&kv@_ fhj_" >

< lehsZ Db€\kvdh]h \h~hkoh\bszdfhjaAgx}
DzZge\kvah]lhdf QZkldZ feedh\h”r"y \eN aZ]Zevgh€ iehs
\h~"hkoh\bsZ klZgh\lZWe" iehse DZgs\kvdBhydhfm a
\h~"hkoh\bs feedh\h"*y aZcfZ} [sekrm@iehsm" >

>ey lhlh sh[ gZ]z~ZIb mqggyf ijh g_h[oe”*geklv al.
ieZg_Ib 1Z ohjkkidiZz\e_ggy ~h ~hfZrgeo mex[e_gp-\
jha\fyazZlb gZklmigm azZ~Zgqm >Zees fh'gZ kdhgkljmx\|
"ey "hfZrgvh]lh mex[e_gpy iehsZ ydh€ [m”_ \eMih\eNZ
azZ[_ai_gm\Zlbf_ ch]lh dhfnhjlg_ ijh b\Zggy ijh g_%€
\gbl_evhph]e€

< lehsZ [*hkn_jgh]lh aZih\e "gbZ :k0d4gkhygkvdZ
h[ezklv ~hje\gXxBk]Z lehsZ ijbjh~rgh]lh aZih\e~*gbdZ F_
L_jghisevkvdZ h[ezZklv kliZzgbtbdZih\ergbhdZGhUZg-y
. iehse ijbjh~rgh]lh gZpehgZewgthdh\byjdhrdZjizZlly
AgZc”elv iehsm aZih\e~gbdZ F_~h[hjb ¢« iehdm @jdm |

AzZ"Zqe sh™h klZjh~"Z\geo kbkl_f fej gZkdjeagZ e«
\eMih\enrZevgeklv®d fh gZ jhal\fyam\Zlb i« qZk <gl_
eklhje€ 1klhjbgges niglbebshhilbo qgb egrbo ih”ec f
ierdj_kex\ZIb \Z eb\eklv ]jhfZ~rygkvdh€ \erih\enrZev
ljhfZz~ygbgZ aZ “hex k\h}€ ~_j Z\b

< M @A1WLI a jhalbldhf Ihjle\ee ¢ ijhfbkeh\hkle
g_h[oe”*geklv ijb\_~_ggy \ i_\gm kbkl_fm [gralybo
aZl\_j~" _ge 1Zdes h”bgbpe ~h\'bgb \_jklZ kZ _gv
< _jklIZ "hje\gx\ZeZz kz gyt kZjrbgZzf Zjrbg

\_jrdzf Kdeevdhf deehf_Iljzf ~hje\gx\Zez \_jklz
Ahje\gx\Z\ kf" >k @

< M ~Z\gbgm dhjbklad\Zzfdbkyjzfb fZkb im” nn
ahehlgbd Im” ~hje\gx\Z\ aml|zafhemigddZf Kdeevd!
deeh]jzfzZzf ~hje\gx} im” ydsh ahehlgbld %hjsi\gx}v
hdjm]eelv *h khkbo@ >

IblZggy sh”h g_ydekgh]lh j_fhglm ~hje] Zdhim@evg _
gZklmigzZz az~ZqzZ fh _ \bdebdZlb ch]h h[]h\hj_ggy it
afykm\zlb ~mfdb mqge\ sh”h gvh]h Ihlje[gh aZz
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gZdj_keblb fZjrjmlb a “hfm ~h rdheb IZ ihagZqblb ijh

< ;meh \enj _fhglh\dghhjh]l]b AZ i_jrbcgib”
\enrj_fhglm\Zebhjh]lb Z aZ £jm]balb Kdeevdb deehf_1I
Ahjh]lb \e~j_fhglm\Zeb gZ “jm]bc Ib ’%k_g@ jh[hIb" >

ljh[e_fb \b€am mdjzZz€gp+s\ azZ dhj*hg af_gr_
gZk_e_ggy gZrh€ ~ _jZ\b 1Z <gre fh ' gZ jhahé¥gho il
ihrZgh€ gb q_ azZz”~Zqge <gbl_ex g_h[o**gh gZ]hehk
a*h[mlly hk\elb azZ [Z Zghx ijhn_ke}x |1Z j_ZeesaZp-£
ihl_gpeZem \ f_"Zo MdjZ€ghb

< AZ "Zgbfb i_j_ibkm gZkje\dWdjX€ges a dh gt
hke[ m \eppde\ p kiZjrbo ih\gm k_j_"~gx hk\elm fZeb
jhpe p_c ihdZagbd klZgh\b\ ihje\gygh a

ihdZagbdhf mm Kdeevdb ex”® _c *a dh ' gh€ Ibkyqge fZeb i
hk\elm mj " <e”ih\e”rv hdjm]eelv *h R *b@bpv >

>ey mMkgh€ j _ZeecaZpe+€ gZkdjeagh€ ecge€ ©OA™hjh\{
i*" qZk egl_]jh\Zgh]lh mjhdm fZl _fZlbdb « neadmevimj
NZge ieM qZk f_1Zggy fTyqZ gb kljb[de\ \ *h\"bgm Z il
h[gbkeblb €0 k_j_"g} Zjbnf_Ibgg_ Idhfgq®kl _ghhde\
gZlhehkblb gZ \Z eb\eklv aZjy*db “ey hg_c ijZ\bevg.
hjl]ZzgeaZpex ijZ\bevgh]h oZjgm\zZggy fh gz gzZ\_klb
ijh a[eevr_ggy deevdhkle mqgge\ sh kljz '~Zxlv gZ "Ze
lhsh <qgbl_ex g_h[oglb igA\ImjhdZo neadmevio\bebg

S  h”gbf ea reyoe\ j ZecaZpe+€ pe}€ gZkdjeaght
azZ\"Zggy ih\fyazge a k_j_"h\bs_f “hjh gvh]lh jmom
ljZgkihjlgbo azZkh[s\ GZijbdez”~ i~ qZk \b\gq_ggy
aZijhihgm\zZIlb gzdj_ikédphhm\ fZkrlZ[s rdeevg_ ih”"\ejf
\dZazlb kljeedZfb jmo IljZgkihjlm ih gvhfm ~hjh"(
jhal\fyam\zZgge aZz*"Zq gZ jmo gZlhehrm\Zlb gZ g_h
"hljbfZggy ijZ\be “hjh gvh]h jmom

GZkdjeagZ eesgey ©le"ijb}feb\eklv <« nkdgZygkh\Zz
ih\fyazgz dyam&Xggyf ijZzdlbgqgbo azZ”Zq sh”"h e
]Jhkih”"Zjkvdh€ ~eyevghkle 1Z j Zevgh€ hpegdb \eZz
kdezrzZggy kef_cgh]lh [x*" _Im nhjfm\Zggy _dhghfgh
ijbjhrgbo j_kmjke\ IjbdezZ”b 1Zdbo aZz”~Zq gZ\_"_gh ¢

< Dhg\_jlb az\haylv ~h ihrlh\h]h \er""ee ggy \ i
rimd Ebklhghre |j _[Z ydgZcr\b~r_ \aylb dhg\_jle\
fh_ p_ ajh[blb ydsh aZz o\bebgm \eg \e”"jZoh\m]
> Kk @

< FZIb "hjmgbeZ kbgh\e dmibldekjhtgdilbljZLIB\
?74mk-o lihr_c gZiag—t}emﬂrh\jhz—é-%‘lmk-o ljh£tgZ njmdlb
GZ ydm ihdmidm [meh \bljZg_gh gZc[eevr_ ]Jjhr_c" QEk
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m oehipy ickey ihdmih@" >

< NegZgkh\e \bljZlb Zdpehg_jgO®E [#\ZjbkAUdZ
SmdzZ2 aZ |ljb eslges fekype* kll4dgh\bheypdbo [meh \ljZq_
m qg_j\ge Z \bljzZlb azZz ebi_gv KlZghhtzdbaz q_j\_gv
Kdeevdb ]jb\_gv \ljZlbeh Zdpehg_jg_ Ih\Ejb@\h \ ebic

< I _ljh 1YylZd ihdgd m [jg ie" j*qgbo
Ydhx [meZ kmfZ gZ ch]lh jZomgdm q_j_a&kjs@® q_j_a

Hkgh\gbf aZkh[hf j_ZeeaZpe+€ gZkdjeagbo e+sgec gZ
fZl_fZlbdbdh}lej aZz"Zq +a ijZdlbgghx kiyZh\D\gKIxggy
67(0hk\elb kijbylbf~rThlh\pe mqgge\ "~h j_Zevgh]h
nhjfm\Zggx dhfi_I_glghkl_c yde “halheylv jha\fy
ijZzdlbgge ihlj_[b Z p_ \e~ih\enrZ} aZiblzZf 1Z \bfh]Zf k

Kibkhd \bdhjbklZgbo ~"_j_e

<Zkbev}\Z > < AJ[+jgbd azZ”"Zq adéZkBZKxddbag-
e*g*€ dexgh\bo dhfi_| _glghkl ¢ 1Z €o<ikbevdXd-y
G l<ZkbexdD Hk\elZ % k

>fblj_gdh D : A\bgZcge nhjfbghtgdlberoen
jha\b\z}fh dexqgh\e dhfi_I fglghklehke[: >fDIj_gdh
F <Dhgh\Zeh\E KHfb\hehk K d<lh\#0Zjds\Hkgh\Z

+ >k 1Z[e ko_fk Gihke nhjfZlb hk\elb

Deygh\kvdz G F U_hh~bmgdgr azkz~b \bdhjbkl
egnhjfZpedphmgedZpecgbo | _ogheh]ec m gZ\gZgge* \b:
kKim~_gle\ eg” _g_jgbo ki_peZevghkl_c m Kihemqg_gbo
fhghljzney G F Deygh\kvdZz G < JZr_\kvdZ K H
Iz f_Ih~"bdZ _e_dljhggh]k Dgb\g g g <b”Z\gbgbc \«:
><GA ©Djb\hjeavdbc gZpehgZevgbc mglkhfjkbt 1|2

<bimkd Ki_p\bimkd ©Fhgh]jZneyk\ "mggZes-?
F_jaeyd : = FZI_filhjdig "~ey de aZ]Zevghhk!

aZdeZ"s\ F:jageyd khehgkvdbc Yd+KOZjde\ =efgZa-y
* k ee

F_Ih*lygq j_dhf_g~"Zp+€ sh”h \ijh\Z~ "hkdghp 67 (0
aZlZevghhk\elgeo 1Z ihaZrdeevgbo gZ\qZevgbo aZ«
gZ\qZevgbc jed >?e_dljhggbc j_kmjk@ ebkl
> jZ\gZ gZmdh\Z mklZgh\zZz ©1lgklbIml fh* _fd-aZp-£€
+ k + J_"bf Ahkimim
KWWSV GULYH JRRJOH FRP RSHQ"LG % P 7T%0
Fzl _fzZlbdzZ deZkb gZ\qZevgZ ijhljzfz ~ey aZ]Zc«
gZ\qZevgbo azZdezZ”s\ >7?e_ dljhtgdbcbfj &mkkn@m
KWWSV RVYLWD XDRJUBRHKRRO SURJUDP S
ORUNXQ 9 6 (QYLURQRHPWDORGRHFKQROR.,
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RI 3VUHUYLFH OLQLQJ (QJLQHHUYV 7UDLQLQJ IRU
OLQLQJ ,QGXVWU\ >(OHFWURQLF UHVRXUFH®@

6HPHULNRY 6YLWGORDQDWHUVYBBK&EHOQRY DN &7 1
5HVHDUFK DQG ,QGXVWULDO $SSOLFDWLRQV
.QRZOHGJH 7UDQVIHU SURFHHGLQJV RI WKH

RQ ,&7 LQ (GXFDWLRQ B5HVHDUFK DQG ,QGXVW
+DUPRQL]DWLRQ DQG .QRZOHGJH 7UDQVIHU ,&7(

(GLWHG E\ 9DGLP (UPROD\HYHRUBN Y%
)LOO 9LWDOL\ <DNRY\QD +HLQULFK & O0D\U 9\D
3HVFKDQHQNR ODUL\D 6KIVKNIMFKHQNRROPOH

6SLYDNR# ¥ N\ + &(85 :RUNVKRS 3URFHHGLQJ
6 RUJ 9RO + $FFHVV PRGH ZKVWRWUS 9RBX
SGI

5HIHUHQFHV WUDQVODWHG DQG WUDQ\
9DV\OLHYD ' 9 =ELUQ\N ]DGDRR VR D WHPNDWA
OLQLL NOLXFKRY\NK NRPSHW HQROETRAAMH.IR § IR I\ LS\
LQ PDWKHPDWLF&URXWOMMQJ OLQHV RI NH\ FRPS|
LPSOHPH@WDWLR@V\OLHYD +1 ,29FBVWHE XN
,Q 8NUDLQLDQ

'P\WUHQNR . $ =Y\FKDLQE QRUP) BRERKWL
URJY\YDLHPR NOLXFKRYL NRPSHWHQWQRVMWL >A
isn0e”r  jha\b\Z}fh dexqgh\e dhfi_|_glghkle@ PF

$ '"P\WUHQNR .BQRYDORYD 2 V3 66HP\ %R@&R WR Y
.KDUNLY 2VQRYD> @ V WDEO + YRKHPRUPDW
RVYLW\ ,Q 8NUDLQLDQ

.LLDQRYVND 1 0 7KH WKHRUHWLFDO DQG PF
Rl LQIRUPDWLRQ DQG FRPPXQLFDWHRQL @HHWKIQS
VWXGHQWY LQ XQLYHUVLWLHV RI WKH 8QLWHG 6
1 9 5DVKHYVND 6 $ 6HPHULNRY ORPHBUWQDCQ

LU\Y\L 5LK 9\GDYQ\FK\L YLGGLO '91= ©.U\Y
XQLYHUV\WHIWRO +1R 6SHFLDO LVVXH ©O0RC
MRXU@DOS ILJ ,Q 8NUDLQLDQ

OHUJOLDN $ + ODWHPDW\ND SLGUXFK GOL
]JDNODEOWKHPDWLFV WH[WERR® IR M DGHI]OV
9 %3RORQVN\EDNEBKDUNLY +LPQRJLLD LO ,Q
S8NUDLQLDQ

OHWRG\FKQL UHNRPHQGDWVLL VKRRKRGR\YS L
]JDKDOQRRVYLWQLNK WD SR]DVKNLOQ\NK QDYF

QDYFKDOQ\L ULN >0HWKRGLFDO UHF
LPSOHPHQWDWHRBX FOIWARQ LQ JWRKRPD® HEGF MU
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LOQVWLWXWLRQV RI 8NUDLQH IRU WKH DFD
O\WW 1R '"HU]JKDYQD QDXNRYD XVWDQRYD ©
JPLVWX RWYLW\?2 + V + $FFHVV PRGH

KWWSV GULYH JRRJOH FRP RSHQ"LG % P 7T%0
,Q 8NUDLQLDQ
ODWHPDW\NMDDV\ QDYFKDOQD SURKUDPD G
QDYFKDOQ\NKOWKOPGREHFXUULFXOXP IRU JHQH
LOQVWIQ& XWE(OHFWURQLF + UHMREXYNH@ PRGH
KWWSV RVYLWD XD VFKRRO SURSNDP LSQULRIQ D P
ORUNXQ 9 6 (QYLURQIRHUPWDORGRHFKQROR.
RI 3VUHUYLFH OLQLQJ (QJLQHHUYV 7UDLQLQJ IRU
OQLQJ ,QGXVWU\ >(OHFWURQLF UHVRXUFH®@
BHPHULNRY 6YLWODQD +U\WKFKHQNR .DWHU\Q
SHVHDUFK DQG ,QGXVWULDO $SSOLFDWLRQV
.QRZOHGJH 7UDQVIHU 3 U R KIHDGMLCRIY DRI 8\RKH
RQ ,&7 LQ (GXFDWLRQ B5HVHDUFK DQG ,QGXVW
+DUPRQL]DWLRQ DQG .QRZOHGJH 7UDQVIHU ,&7(
(GLWHG E\ 9DGLP (UPROD\HYHRUBN %
)LOO 9LWDOQD\ «BN@YLFK & OD\U 9\DFKHVODY .|
3HVFKDQHQNR ODUL\D 6K\VKNLQD O\NROD

6SLYDNRE ¥ N\ + &(85 :RUNVKRS 3URFHHGLQJ

6 RUJ 9RO + $FFHVV PRGH ZKVWRWUS 9RBX
SGI

SHFHLYHG $SULO LPSUHOLVHG IRAHAHS)

$SULO
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Jhajh[dZ kbkl_fb az~Zq ey jha\bldm dhgkljmdlhjkvd
mqgge\ k_j _"gvh€ 1Z klZjrh€ rdhehhdElBZ pyitdbd a

GZlZey :gZlhe+€\gZ OIZ@Z Mg _ tkZdgdjolegZz
DZn_"jZ «gnhjfZlibdb 1Z ijbdezZ~gh€ fZI_fzZlbdl
Djb\hjeavdbc ~_j Z\gbc i_~Z]h]legqgbc mge\_jkb

ij =Z1ZjegZ DjbfAbc Je] MdjzZ€gz
Q D NKDUDG]MDQKQ®INIDO FRPPDLO FRP

:ghlZpe¥ _Ihx ~hkee<”" }g&k¥y\hj_ggy kbkl_fb az”rzq
kijbyxlv jha\bldm dhgkljmdlhjkvdh]h fbke_ggy mqgg:
jh[hlhl_ogedb m k_j "gec 1Z kl&grqerdheees"" gg)
jhaleygmlb yd \ijh\Z~" _ggy jh[hlhl_ogedbhk\ditbg!_dI
\ieb\Z} gZ jha\blhd dtkgklljindIffbjke _ggy mqgge\ k_j_"
klZjrh€ rdhiepf}dlihf ~“hke+”} dgldygkljmdlhjkvd_ fbke
mqggdy_~f_Ihf "hkee~r "} ggg\blhd dhgkljmdlhjkvdh]h fbl
\' mqgge*\ klZjrh€ 1Z k_j_~gvh€ rdheb gZ aZzZgyllyo
J _amevizZlihf "hke<K\lyjgyggy kbkl_fb az~Zq kijyfh\zZ
jha\blhd dhgkljmdlhjkvdh]h fbke_ggy mqgge\ k_j_"gvh
gZ aZgyllyo a jh[hihbkghbtitk\elgec ihl_gpe+Ze jh[hlhl_
yd gZijyfdm &k(®lb gzZz~a\bgZcgh \bkhdbc hkdeevdb a
67(0dhi_I_glghkl_c fh gz gzZ[mlb azZ ~“hihfh]Jhx jh[hlhl

Dexqgh\s kehVYWhlhl_ogdfdgkljmdlihjkvd_ flklbd&l gfezy
azZ™z6eg7 (Ohk\elZ

1$ .KDUDGIMRG@\NKWIBQIREOHPV V\VWHP GHVL
GHVLJQ WKLQNLQJ GHYHORSPHQRKRR & FRRQOD Ul
URERWLFV FODVVHV

$EVWWIXFHWIRDO RILMHWKID WHAKVLIJQ RI D SUREO
SURPRWHV WKH GHVLJQ WKLQNLQJ GHYHORSPHQ
DW WKH URERMEIMHF\WODMWNRDWRK FRQV WGKIH K|
LQWURGXFWLRQ RI URERWLR/GKODWKR QF RQ@/®i [T
GHYHORSPHQW RI GHVLJQ WKLQNLQJ LQ WKH SXS
REMHFW RLVWHNVHD GHR/LIQ W KKE& NOEMRIFBKR L QW
WKH GHYHORBPHQWIVRLQNLQJ LQ SXSLOV RI WKH
DW WKH URERWUR YV RFOWBW N HWVH \BREPOKH PV B\VWHP
IRU WKH GHVLJQ WKLQNLQJ GHYHORSPHQW RI VH
URERW L F¥ RFOONMHBBIRFDWLRQDO SRWHQWLDO RI
Rl 67(0 HGXFDWLRQ LV H[WUHPHO\ KLJK DV T
FRPSHWHQFLHYV FDQ EH REWDLQHG XVLQJ URERW

.H\ZRUGMERWLFV GHVLJQ WKLQNLKQGXEDWERE
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$IILOLDWEIRQOQWPBRRWSKWHU 6FLHQFH DQG $SSC
.U\Y\L 5LK 6WDWH 3HGDJRJLFDO$ W LYNBWK W\
S8NUDLQH
(PDL@O D NKDUDG]MDQKEQ®MIDO FRPPDLO FRP

Kvh]h~rge egnhjfZpecge | _ogheh]«€ kmijh\h""mxlv ¢
“blly Lhfm rdhezZ hkh[eb\h k_j _~gy |Z klZjrZ eZgdz
ihlj_[Zf kmkieevkI\Z sh[ m fZc[mlgvhfm €€ \bimkdg
dhgdmj_glhkijhfh gbfb nZoes\pyfb gZ jbgdm ijZpe N
fZc[mlgvhfm afyleylvky gh\e ijhn_ke€ ydes~prhj*mlv
jha\bgmlbf eg _gdhiglfjmdlihjkvdbf fbke_ggyf

Jh[hlhl _oge@Z gZmdh\Z 1Z |1 _ogeqgZ [ZaZ "ey ij
\bjh[gbpl\Z IZ aZzklhkm\Zggy jh[hle\ Ydsh jhaley”~Zlb
hdj_fm ~bkpbieegm |h \hgzZ fZ} h[h\fyjhd \im kZiggy Z |
dhgkljmx\Zggy ijhljZzfm\zZggy | _klm\Zggy Hdjef
jh[hlhl_ogedZ h"ghgzZkgh dhfzg”~gzZ I\hjqz 1Z ijh_dlg
mgge\ sh ~Z} afh]lm ih\geklx jhadjblb 1Z jha\b\ZIk
hkh[eb\hkle mgge\ztghfjafpbdecsasohaZdezZ”rZo aZ]Ze
k_j_"gvh€ hk\elb \ ydbo ijh]jzfm\Zggy IZ dhgkljmx\Z¢
"halheyxlv nhjfm\Zlb gZ\bqdb | _ogeqgh€ I\hjghkle fh
\b\q_ggy ijbjh*rgbgbo 1Z Ilhggbo gZmd + aZ[_ai_q
ijhn_kecgm hje}lglZpex aMpaf fyjdhdd”" _ggy jh[hlhl_oge
gZ\gZevgbc ijhp_k } "m~_ \Z eb\bf IZ ZdImZevghbf

Jh[hlhl_ogedZ mpdhe2kzfi_j_~ ihim gbc esgkljmf_q
\ijh\z~" _ggy ijbgpbie\ hBW(0 egl_]ljh\Zgh]lh gZ\q.
ijbjhrgbgbo gZmd 6FLHQFH | oghehlotc g FHEK
(QJLQHHULQJ 1z fzl_fZlbdb ODWKKHPDWLEFYmMP 1@
kh[e fe'~"bkpbieegZjgbc 1Z ijh_dlgbc is"0oe*"

Mjhd az ijbgpbizfbhle\3(B [m~ "m}lvky gZ\dheh i_
az\~Zggy yd_ ihlje[gh jha\fyazZlb M ih}*gZgge a
\b\g_gfgyhkgh\ fzZI_fZIbdb az e+gl_]jh\Zgbf ie”oh”hf
gZ[mllx \bkhdh]h je\gy agZgv

Jhaleyg_fh hk\elgx jh[hlhl_ogedm aZzZ hkHeZBh\bft
6 FLHQ@FiHHh\_~ ggy jeaghfZgelgbo "hkee”e\ a jeagbc
ij_~_I«VHFKQR#O\WRdhjbklZggy ijhljedfmeng ijh\_~_ggy
_dki_jbf_g(QJIJLQHHRUIQAIM\Zggy |Z dhgkljmx\Zggy
fhr_e_c jh[WIDPWKHPDWUdFRFY¥Zggy jeagbo jhajZomgde\
ijh]ljZzfm\Zggy ~ey jha\fyaZggy aZ"Zq

AgZqgZ m\Z]Z gZ aZgyllyo a hk\elgvh€ jh[hlhl_c
nhfm\Zggx gZ\bghd kieevghé lggZ\ogghepnwgdhh € "“~megghkle
h[T}*gmxIvky m dhfZg”b gZ\gZxgbkv kieevgec jh[h



lgnhjfZpeaghfmgedZpecge |_ogheh]e€ \ hk\ele

ij_a_glZpeyf o« \feggyf gZ”*Z\ZIb h[_jg_gbc a\fyahd <
gZ fh"mees m dh 'ghfm a ydbo \e*"[m\Aghkygdh\hj
ijh_dIm sa ieZzgm\Zggyf gqZkm 1Z \_~ ggyf ijh_dlgh€

[jh\e~rghbf aZkh[hf gZ\gZggy hk\elgvh€ jh[hlIh
dhgkljmaddgg[ej ~_1Ze_c k_gkhje\ af}*gm\Zevgbo _e
fh gz ae<[jzZlb jeage \b~b jh[hle\ 1]jHh\Zg Rbjyred/idiZIfivb o
kijby} jha\bldm dhgkljmdlhjkvdh]h fbke_ggy I+ qZ
rdheyjzf ~h\h”blvky jha\fyam\Zlb peem gbadmd ijZdl
[Mm*m\ZIb ghfm IZd Z g_ <gZdr_ m ydec ihkee*h\ghKkl
Ilhsh Mqgge \qZlvky kijbcHfpdazbb\efhklhjh\e kie\\e~rghr_g
fe' N 1Zeyfb €0 af}*gZggyf I1Z dhgkljmdpe}x \ peehf
dhgkljmdlhjkvdbo az\~Zgv \ mqgge\ \bgbdz} ihlj_[Z
nhjfm 1z jhafej " _1Ze_c Ih[Ih nhjfm}Ivky my\e_ggy
Am _ \Z eb\h Z™hklglgeklv ijhklhjh\bo my\le_gv fh™ _ |
“h i_\gbo mijm~g_gv m “bll}*eyevghkle I1Z m rdeevghfi
ijb \b\g_gge fZl _fZlbdb neabdb ] _h]jZne€ |Z e<grb
ihlj_[mxlv mfeggy hje}gIm\ZIbkv m ijhklhje > @

GZ\qZggy dhgkljmibdggpharbj _ggx kehlgbdh\h]h a
mqgg*\hgb \b\gzZxlv gZa\b ~_1Ze_c¢ dhgkljmdlhjzZz €0 &
\"b\Zlb pe gZa\b m g_h[os*ghfm dhgl_dkle i qZk ij
Ih[lh [_aihk_j_~gvh ie® gZk a[hjdb H¥biskepnkm[dgdb
[ZlvdZZ Ngbl_eyf sh kzf_ \hgb ae<[jZeb

la rbjhdh]lh jhafz€lly dhgkljmdlhje\ “ey ijh\_~"_
jh[hlhl_ogedb fb h[jZzeb /(*2 0,1'672506 (9 Ydsh jh
p_c dhgkljmdlhj ea IThgdb ahjm \b\q_ggy IARV{haz""
Ilh fh gZ ih[Zgblb sh \ yghbtmnglZ [mlb aZ[_ai_q_g-* if
jeagbo \edh\bo dZIl_]hjec > @ >Zgbc dhgkljmdlhj
a[bjzlb fh”_ees aZ ]hlh\bfb egkljmdpeyfb Z[h aZ \eZkg
ym~Amxgb jeaghfZgelge fhr_ee mqge fZxlv fh eb\eklv o
ijhkle f_oaZdbe azZdhgb neabdb \e”rkl_"m\ZIb afeghb
ijbkdhj_ggy Ihsh Hdjef pvhlh fh gz kI\hjx\ZIlb |
Ahihfz]zxlv ijh\h~blb jh[hIm ea dZjlZfb \b\gZIk
ijhly geklv ]1_hljZneggbo h[f}dle\ jeghd J]ejkvdbo oj
dhjrhge\ Z\bBflwbo reyoe\ IThsh \bagZqgZzZlb \e~rklZgse fe
1Z eg > @

AZ ~hihfh]lhx k_j_~h\bsZ \eamZevgh]lh ijh]jZfm
0,1'672506 (GXFDWLRQ (9 mqge ijhl]jzfmxlv \bc
ki_peZevge [£hdifZg”b K_j_"h\bs_ ijh]ljZzfm\Zggy
azZ\zZglz blb glfigixl_j 1Zd « gZ ieZgr_I| Z[h gZ |_e_nl
ijhklhfm 1Z eglm€lb\gh ajhamfeehfm ijh]jZfghfm e
hk\hxxlv [Zde _e_ f_glb ijh]jZfm\Zggy vyd afegge IZ dI
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Ibib ~Zgbo eh]eqge ~Zge fZI_fZlbgge hi_jZpe+€ =
i_j_bdzqge \biz~dh\e agZg_ggy
MjZoh\mxqgb ihim gbc ihl_gpeZe hk\elgvh€ jh[hlhl_
dhgkljmdlhjkvdh]h fbke_ggy mqgge\ k_j_"gvh€ 1Z klZ]
ki\hjéb kbkl_fm az”~zZq kijyfhl\Zgm gZ hagZchfe_gg)
ijh_dim\zZggy dhgkljmxbddhglykllZzgdy f_oZgeafe\ jha'
Z[kljzdlgh]lh djblbggh]lh 1Z eh]eqgh]lh fbke_ggy I\hj
my\b jha\blhd ~je[gh€ fhlhjbdb Zdmjzlighkle 1Z dh
jha\blhd e*”_jkvdbo ydhkl_c mfeggy ijZpx\Zlb m dhf.
Gz\_~_fh ijbdezZ”b &4 q_q@hE kbkl_fb
| _j_feklblb jh[hlZ gZ \#AkIZigmgZldh\h]h iheh” _ggy
Jh[hl klh€lv gZ ghjgec e*g*€ dheZ Lj_[Z h[T€0:
\bagZqb\rb gZijbdegpe ch]h ~eZf |j jZ"emk 1Z "h\ bg
AZNZYlvky \e~rklZgv ydm jh[higZk} ijhEgHhfbydh]h
\eg fZ} p_ ajh[blb Ilekey aZimkdm ijh]jZfb jh[hl ih\l
degp_\m Ilhgdm fZjrjmIlm m lhqgh aZ~Zgbc qZk
M ijhp_ke jha\fyaZggy IZdbo az”~Zqg mqg_\* “h\h"|
fzl_fZlbqge fh”_es jmom a j_Zevgbfb mfhj@miAZIblzd
h[jzIb ihim geklv "\b]lmge\ [Zdbf gqbghf sh[ jh[hl ijh#
\enrklZgv aZ i_\gbc qZk Ih \by\blvky sh « jh[hl jmoZ}
r\brdeklx chfm ihlje[_g gqZk gZ jhaleg <« ih\_jogy jm¢
e ihim geklv aZe_ "blv \PZja€jyifbghZm g_ee<gecgh
Ajhamfeeh sh m IZdbo aZ*ZqZo ke mjZoh\m\ZI|
magge\ 1Z €0 gZy\ge agZggy |Z \feggy Lhfm kbkl_fZ
hkgh\e pbddhggh gljbgqghx i**oh”m aZz ijbgpbihf nmg":
Lzdbf gbghf fh gz ajhyhltbd \bkh hk\elgec ihl_gp
jh[hlhl_ogedb yd gZijyhdel7 gZ~"a\bgZcgh \bkhdbc h
agZggm qZklbgdhf67i(0glghkl_c fh'gZ gZ[mlb azZ ~hi
jh[hlhl_ogedb P_ amfhlex} g_h[oe"*geklv jhajh[db \e/i
[Z kmijh\ergbo fZI_jeZe-\

Kibkhd \bdhjbklZgbo " _j_e
F_lhrbqge j_dhf_g~Zp+s€ sh”h \ijh\AKk\eldgym 67 (
azZlZevghhk\elgeo |Z ihaZrdeevgbo gZ\qZevgbo aZ«
gZ\qZevgbc jed >?e_dljhggbc j_kmjk@ ebkl
> j°Z\gZ gZmdh\Z mklzZghhZ _@dgkdpr@lafeklmbDhk\elb?
+ k + J_ " bf Ahklimim
KWWSYVY GULYH JRRJOH FRP RSHQ"LG % P 7T%0
IjhljZzfZ jha\bldm dhgkljmdlb\gbo a”e[ghkl_c ~el_
\edm O©OE@bHkljmx\Zggy? >?e_dljhggbd _jddknjk@
=hehlz G F L j_s_gdh H | J tagBg@gdh 1+ X @
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J_"bf "hkInKWWERQDLPRRIGRFVLQGH] KWPO

<_k_ezZ G H h&V«(l@ yd i_jki_dlb\gZ nhjfzZz +ggh\
hk\elb \ MdjZ€g<«<_kGeBI7 (Ohk\e¢lZ IZ reyob €€ \ijh\Z""_
\ gZ\gZewgph\gbc ijhp_k a[ejgbd fZl_jeZees\ 1 j_]ehgZ
ijZdlbggh€dhgn_j gp*€ L_jghieev I§Z\gghiecey
LHD1IIH K+

<Zkbexd : Qb ihlje[gZ jh[hlhl_ogedZ m rdhes+"
j_kmjk@ :gZlheec <Zkbexd 52%27($&+(5 ;eh]
jh[hlhl_og=*db +J_"bf "hkInKiWWSY  JRR JO 3Q 1

5HIHUHQFHV WUDQVODWHG DQG WUDQ\
OHWR G \F K RRRPG DWKVKIX S B R Y D G B<7H QR DXW \
]DK DO QR R WIE R/@L/NKKI LGOI NIKD QN B G NN B LD
QDYFKDOQNDHWKRGUFRBRPPHQGRPWWR &V
LPSOHPH®VSD {0 HREX F DMVILHFRIHD@®R\QF K RRGX FDW LR Q

L QV W L RVEKNVLIRIRWHK H DF D G MHPIEPG H F WWHR\QRGFU F H
O\IW "HU]K D R ONRWW DQRYBWRRGEMWUQL]DW:
JPLVWRY YL WA . + V + $FFHWRGH

K W WGBUWLIRHR FARHR S L@ % P 7T% B3. HNZW=)GK:;-X2'J
,8BNUDLQLDQ

3UR K UDRA ¥ \WRIXV W U X NG\ @BNAS R I/ K N YAAQIRK R
@ (+2 NRQVW U XLXYFOJBIRADY H O FRIFRHIDWW D K E BALWH H V
FKLOGRIHSQ HVFIORRO(*2 GHV @ QCHFW URQIR& U F H
BHNNHMU+RORWD7HUHVKRKHONRLFKHKI@R: @

+ $FFHVV PRWWS OLE ]JQDLPR FRP XD
KWPO ,Q 8NUDLQLDQ

9HVHOD 1 RWYI(WD \DN SHUVSHNW\YQD IRUP
Y SNUDLQLHS6KAHDWLRQ DV D SURPLVLQJ IRUP RI
SNUDLQH@ 1 2 9RWNQWD VWD(WKOLDNK\ \LL Y
QDYFKDW®®RYQ\L SURWVHV  ]BHKQRD POGRLU LD
SUDNW\FKRRQIHWWHEQWVLL 7HUQRSW® 7HUMRBLYQ
72.,332  +6 + ,Q 8NUDLQLDQ

9DVVOLXN $ &K\ SRWULEQD URERWRWHNKQ
URERWLFV DWOWFKNRR®IE % HBROWFRIOLL 9DV\
52%27($&+(5 %ORK GOLD YFK\WHOLY URERWRYV
$FFHRR'GHKWWSYV JRR JENMQDL'QLDQ

S5HFHLYH®&SULO LQ UHYBBSMHGOIRUP $FFHS
$SULO
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ljbkljec aZobklm ijbfes_ggy \*”» g_kZgdpehgh\Zgh]h

1Z\eh <heh”bfbjh\bqg AZ]h¢kyvedhbljh\bgq Fhrdh\
He_dkzZg”j FbdheZch\bq KI_iZgxd
DZn_"jZ «gnhjfZlbdb 1Z ijbdez”~gh€ fZl_fZIbdl
Djb\hjeavdbc ~_j Z\gbc i_~Z]h]legqgbc mge\_jkb
ij =Z]ZjegZ Djlf\bc J-] Mdjz€gZ
SDYHO]DJRURGNR #RXMDIPPRR/NF KNRPPY' #JPDLO F
DOH[DQGHUVWHSRPQ\XN#JPDLO F

:ghlZpey _Ihx ~hkee”” Jggiphajh[dZ ijbkljhx aZobk
ijbfes _ggy \¢* g_kZgdpehgh\ZdZMZqakdmiimkes}" _ggy
ZgZee+a ijbkljh€\ ~ey aZobklm ijbfes gv i¢«"oh”b ~
fh~r _ex\Zggy IZ ijh]jZHQYZdidyf “hke"} ighy_k alzZobk
ijbfes_ggy \¢~ g _kZgdpehgh\ZIighh_fhikimhike""}ggy
ijbkljec ~ey aZobklm ijbfes gv \eA g kZgdpehgh\Zg
AhfZrgvh]lh « dhjihjzlib\gh]lh dhjbkim\Zggy M jh[hle
kdez”~h\e ijbkljhx gZ\_”~_gh ch]h ko_fm\IZb*hkep" " ¢
ydbo fh gz \bhdj_fblb “hklmigeklv ijh]jZfm\Zggy fec
k_j_~h\bse $UGXLQR fheb\eklv jh[hlb \ Z\lhghf
g_aZe_"geklv \er g jlhf_j_~ fh eb\eklv \bdhjbklZz
AT j_e "b\e_ggy ihklecgh]lh kljmfm fhhloliZe dix/p2§ virZ « g
;meh ijh\_"~ _gh ~ _deevdZ k_jec |_klm\Zggy jhajh[e_c
Ahkee”"_ggy <ch]l]h _n_dlb\ghkle 1Z JjZpmaviZAbhk!
"hkee” _gm ih~Zevrhfm ieZgm}lvky \"hkdhgZe ggy
kijhs_ggy 1Z ihdjZs_ggy _n_dlb\ghkle ch]h jh[hlb

Dexqgh\e kehiyBEkljec aZobklmfh*®@v fedjhdhgljhe_|
hohjhgges kbkl_fb ~Zlgbd jmom

39 =DJRURGNRRVFKNRY 6WHSDQIKN GHYLFH
SURWHFW WKH SUHPLVHV IURP XQDXWKRUL]JHG D

$EVWUIKHNVDLP RI WKHWRWEBY HFGIRS RO SGHRW.H F
SUHPLVHV IURP XQDXK\K R B MHEWD F BRI D QB E \ V W
GHYLFHV IRU SURWHFWLQJ SUHPLVHVY DSSURDF
SURJUDPKIHQREMHFW LR/l WKMHIOURFAHYYV Rl SURWHTI
IURP XQDXWKRUGKH 8 XENHRPWLRI DVEHYWMWMNGRU S
SUHPLVHV IURP XQDXWKRUL]JHG DFFHVV IRU KRP}
FRPSRQHQWYV RI WKH GHYLFH DUHHQ®BIG\]|BIGG W
DGYDQWDJHV DUH LQYHVWLJDWHG DPRQJ ZKLF}
SURJUDPPLQJ RI WKH PLFURFRQWUROOHU LQ WK
ZRUN LQ RIIOLQH PRGH LQGHSHQGHQFH IURP SR
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H[WHSRDHU VXSSO\ GLUHFW FXUUHQW VLPSOH I
WHVW VHULHV Rl WKH GHYHORSHG GHYLFH ZHUF
SHUIRUBB®RKBW Rl WKW WNVHDIUFEHG WR IXUWKH !
VLPSOLI\ DQGHLIQIFUFHINVGF WKI LWV RSHUDWLRQ

H\ZRUGAHFXULW\ GHRREMOHOB6PLFURFRQWURC
VIVWHPVY PRWLRQ VHQVRU

$IILOLDWSRQWPHQW RI &RPSXWHU 6FLHQFH D
LU\Y\L 5LK 6WDWH 3HGDJRJLFD O$8H.IUX MBI/ K W\

S8NUDLQH

(PDLO SDYHO]DJRUR G NIRGRXRRVERN YR P#JPD |

DOH[DQGHUVWHSDQ\XN#JPDLO FRP

A gZke\ ihy\b ijb\Zlgh€ \ezZkghkle ex”b rmdZeb re
jha\bldhf egnhjfZpecgbo I_ogheh]ec afy\bezZkyv
\bdhjbki\\ZIb dhfifxI_jb \ hohjhggbo kbkl_fZo <bd
kblgzZzeeazZpe+€ I1Zdbo ijbkljh€\ yd fedjhdhgljhe_jb
AZlgbdb gz~z} fh ebleklv kijh_dIm\zZIb 1Zdm kbkl
=Z[Zjblb kdezZz~h\bo dhfihg_gle\ “ha\heyxlv fZdkbfz
gZy\geklm~ydh]h aZobklm - Ibt ikeZtfbEblb ch]h
_n_dlb\geklv

GZ kvh]lh~gergec ~_gv ekgm} \_ebd_ jeaghfZgelly |
yde \bdhjbklh\mxIlv g_ leevdb ~ey Ih]h sh[ h[f_"blb *
lhkl_c¢ Ze_ ¢ azZih[e]lb ih _"« \bdjZ"_dlgdkpogmpbo \k
j_gh\bg yde fh mlv aZ]jh " m\ZIb “bllx ex*bghb

HljbfzZ\rb agzZggy 1Z gZ\bgdb \ i_\gbo kn_jZo f
jhajh[db _e_dljhggbo kbkl_f 1Z €0 ijh]jZfm\Zggy
jhajh[blb \eZkgm hohjhggm kbkl_fm

ljbkljec aZobklm keerdm} azZ ijbtefh]ogyfzZzdgbtihi
jmom 1Z a\mdm M jZae ijhgbdg_ggy \ ijbfes_ggy kijZ
ANZIgbd ¢ fedjhdhgljhe_j fthAmav*@Qh jZrehfh mev \e/ij
dhjbkIm\Zgm ih\e~hfe_ggy ijh ih”ex

M ijbkljh€ \bdhjbklh\m}Iviky*me*®60sh ~Z} fh eb\ek
dhjbki\ZlIbkv ihkem]zZfb fh[eevgbo hi_jZlhje\ o je”M\bs
aZobklm \ jZae ijh[e_f a fh[eevgbf a\fyadhf Z \bdhjbl

g _j_a fh*mev 6; "halhey} \ ~ _ydbo \biZz~"dZo \
fhleevgh]h a\fyadm >ey _dhghifééhegfE[€j*60 blb
m kieygbc j_"bf a ydh]h fh”mev \boh”blv ijb hljb

N"al\egdZ Z[h VPV P_ “~ha\hey} ijh~h\'blb qgZk jh
shgZcf_gr_jXa-\

>h *60h”"mey &7 ie~dexqZ}lvky fedjhnhg sh "he
ijhkemoh\m\ZIb ijbfes_ggy mr4lgchlagddjhal[blly \edg
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\b[mo ZgZeeamxqgb ZfieeIm”m a\mdh\h]lh kb]JgZem

D _jm\Zggy ijbkljh}f \eA[m\Z}Ivky q_j_a <gnjzZq_j\l
606 \e" dhjbkim\zZqz i*"dexq_ggy “h i_jkhgZevghlh
fhleevgh]h ijbkljhx jZ”*«hfh"mev

KdezZ”h\e ijbklikaxfm gzZz\_~_gh gZ jbk

tfedjhdhgljhe_j 670 ) & %

+*60 fh "mee *87 1(2:$< 0

tjZ”"ehfh"mev 6; /IR5D F=p

tfedjho\bevh\bc *ZIgbd %68 ;<&==p

+72ZIgbd a\mdm

] _jfeklhj 10& .

tZdmfmeylhjb /L)H3IR < a ieZlhx aZobkln
i_j_jhajy®m 1Z dhgljhe_jhf aZjy”"m

+5*%k\eleh”reh”™ "ey eg”bdZpe€ klZge\

tegnjZq_j\hgbc ijbcfzZg 96 % "ey mijZ\eeggy ij
Ahihfhlhx egnjzZq_j\hgh]lh imevim d_jm\Zggy Z[h fh[ee
*gnjZq_j\hghplhth

I\ _j*hleevge j_e_ ri

tkhgyqge fh*mes "ey aZjy™m Zdmfmeylhje\

tihgb " mxqe i_j_I\hjx\Zqge gZ fedjhkalfe /0

| _j_\Z]b jhajh[e_gh]h ijbkljhx

A hkimigeklv dhfihg _gle\ 1Z €0 g_\bkhdZ pegZ

tijh]ljZzfm\zZggy fedjhdhgljhe_jm 3UG XL MRb s

+fh eb\eklv jh[hlb \ Z\lhghfghfm j_"bfe 1Z \
[_fi_jZImj \e~AfK ~h fK az\~*ydb \bdhjbklZggx
Zdmfmeylhje\ |Thfm ijbkljec fh 'gZ \bdhjbklh\m\Zlb
ijbfes_gv a hize_ggyf

t\bdhjbklZggy khgyggbo fh "mekiviki*'q caZéhf gje °

t\bdhjbklZggy ihgb mxgbo i_j_I\hjx\zZqe\ ~Z}
\bdhjbklh\m\ZIb ah\gerge " _j_eZ "b\e_ggy ihklecgh]kF

t\bdhjbklZggyfhZ¥mby 6; /IR5D a ah\gergvhx Z
aZ[_ai_gqm} a\fyahd a ijbkljh}fdg2 }eaklifZghx*ih[eevgh
a\fyadm ijb \bdhjbklzZzgge f_j_"e jZ*ehfh"me-\

+rey \byle_ggy jmom g_ ihlje[gh ijyfh]h dhglZdIm |1
sh “ha\hey} ijboh\ZIlb ~Zlgbd \ klege gb dhjimke [Z]
NZgbc qZk “Zlgbde\ jmom \bdhjhkbmed e edidib\gh]t
egnjZq_j\hghlh 3,5 ydZ j_ZlmljgfhgZzimae\i_jg ~ fh°
\by\blb sh ihjmrgbd jmoZ}Ivky \ gZijyfdm Z[h \e~ ~Z]|

tijbkljec ijhklh fh”~bnedm\ZIlb "ey kbkl_fb ©jhar
"h~rZ\rb g_h[oe~ge dhfihg_glb

M dmjke @Zjfm\Zggy fedjhdhgljhe_je\® fh eb\_ \lI
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kljmdImjb 1Z [m~h\b fh”mee\ hohjhggh€ kbkl_fb
gZeZlh~" _ggy 1ijhljZzfghlh dh”~m 7ey fedjhdhgljhe ]
"ZlgbdZzZfb 1Z fh "meyfb

Jbk Ko_fZ ijbkljhx aZobklm ijbfes_ggy \e® g_kZgdp
Ahkimim

SHFHLYH@D\ LQ UHYLVHG IRUP 0D\
0D\
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Kbkl _fz _e_dljhggh€ \e~rfeldb a hgeZcg fhgelhjbq

He ] Xjech\bqg <ZkbevjdkzZg”j FbdhezZch\bqg Kl _izZg>
DZn_"jZ «gnhjfZlibdb 1Z ijbdez”~gh€ fZIl_fzZlbdl
Djb\hjeavtlbjc Z\gbc i_~Z]h]leqgbc mge\_jkbl_I

ij =Z]ZjegZ f Djb\bc Je¢] Mdjz€gZ
ROMDVLOHYPDERP DORQEMUHSDQ\XN#IPDLO FRI

:ghlZpey _Ihx “hkee?" Jggijh_dim\Zggy 1Z |j_Ze-a
ijbkljhx 7~ey _e_dljhggh€ \e~Afeldb a hgeZrtagy fhg-e
kihjlb\ghlh hjelglmAZyggZfb ~hkees} Zgdgeeca <kgmxqgb
ijbkljh€\ "~ey _e_dljhggh€ \e~feldb ie"oh”e\ ~h
nmgdpehdd§ddlhf "hke"} iglgy_k nmgdpehgm\Zggy ijb
"ey aZ[_ai_q_ggy ijh\_~_ggy afzZ]zZgv ih \KKigghb\ghfr
lj_~f_Ihf ~hkee”” }gdhpdhjbklZggy _e_dljhggbo \e~fe]
kdezrzxlvky a iezl fedjhdhgljhe_je\ ijbez”b ijbc
egnhjfZpe€ gz 5)," [j_edb Z[h dzZjldb < jh[hle ijh}\
maZzZlZevg_ggy |IZ kbkl_fZlbaZpey "hke<"jbgVZagyhle_
_e_dljhggbo \e~felhd ijh\_~_ge |I_klb gZ dhj_dlgeklv
>ey hpegdb _n_dlb\ghkle \bdhjbklZggy [meh ijh\_" gt
dhj_dlgeklv ijbchfm 1Z i_j_~Zqe "Zgbo gZ 5),' [j_edb
ieZzgmxlvky [Zde \*hkdhgZeZgoyg 0 §d hheyZ \

Dexgh\s keh\Z ehd [Zah\Z KklZgp-y dhgljhevgl
_e_dljhggZ \e~feldZz

2 <X 9DV\QDH$WHSDQDX¥WURQLF PDUNLQJ \
RQOLQH PRQLWRULQJ

$EVWUDKHW SXUSRVH RUVWWR GWXIGAQ DQG LP:
HOHFWURQLF PDUNLQJ GHYLFH ZLWK RQDHIQH P
REMHFWLYHV IRM WRHDQW®GH H[LVWLQJ GHYLFH
DSSURDFKHV WR WKHLU VW K N FRBEXVUHHF O QRIV KOHOWFHA
SURFHVV RI IXQFWLRQLQJ LQVWUXPHQWYV IRU FR
7KH VXEMHFW RN WWKKH VWWXGRI HOHFWURQLF P
PLFURFRQWUROOHU ERDUGY GHYLFHV UHFHLYL!
5)," FDUG RU NH\7KKDL®INVSHU DQDO\]HV JHQ
VIVWHPDWL]DWLRQ RI VWXGLHV RQ WKH XVH RI
RSHUDWLRQ 7R DVVHVV WKH HIILFLHQF\ ZDV
WUDQVPLW DQG UHFHLY HX®DWKB WPBPESW RNBHY FHKDQ [
DV *60 PRICPSIDHPHQWDWLRQ

H\ZRUGW\ FKDLQ EDVH VWDWLRQ FRQWURO -

$IILOLDWSRQWPHQW Rl &RPSXWHU 6FLHQFH D
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LU\Y\L 5LK 6WDWH 3HGDJRJLFDO$8H LYKNBWK W\
8NUDLQH
( PDLROHJ YDVLOHY  #JPDLO FRP
DOH[DQGHUVWHSDQ\XN#JPDLO FRP

< MdjzZz€ges "ey ijh\_"~ ggy afzZ]Zgv ae+ kihjlb\gh]
\bdhjbklIhimxIlvky kbkl_fb _e_dljhggh€ \e~fel@b o~ _glk
VAVWVRHIALHQWH®I3R5GJLGHQW 3 _@fZxlv hgeZcg fhgelhj
ijhoh~” _ggy dhgljhevgbo Ihghd

| _j_\Z]b hgeZcg fhgelhjbg]lm afz]zgv

i_j_ley”™ j_clbg]lm kihjlkf_ge\ m ijhp_ke ijh\_"~_gg
fh eb\eklv Z~fegekljZIhjzf i_j _\ejylb jh[hlm p-

fekp_agZoh”™_ggy dhigidpddvgbo

KijmdImjz kbkl_fb _e_dljhggh€ \«~feldb a hgeZcg
kihjlb\gh]lh hje}gIim\ZadyZ klZgbey\_jgZ klZgPPry
[_edb Z[h dzZjldb iezZzgr_| Z[hypmevijbklj«d )alz
Ahklimihf ~h f_j e 1gl_jg_|I

Hkgh\ge Ne\hkkle k_j\_jgh€ klZgp-£€

tgZy\geklv k\leleh\h€ 1Z a\mdh\h€ +<g”~bdZp+€ "ey
a“sckg_ggy klbjZzggy Z[h agblm\Zggy ~Zgbo

*i_j_"Z\Zggy “Zgbo a dzZjlb gk)k_j\_j g_j_a
j_YkljZpey mgZkgbdes\ Imjgejm jbk
fhgelhjbg] ZdlIb\ghkle_ddzédkp_ggy [Zah\bo klIZ
egnhjfm\Zggy ijh g_kijZ\ghkle [Zah\bo klZgpec Z[h d]

tfhgelhjbg] ijhoh”” _ggy kihjlkf _gZfb dhgljhevgbo

+
+

| j_~zZgzdZjlb o

KlbjZggy "Zgbo a

dzjlbz i_j_~7'qz
W: > dzjldz
‘HPF" PLSIJ

Jbk Ko _fZ jh[hlb ijbeZ~s\ ney j_}kljZp+€ mqZkg

Fh™_ [mlb ~\e ko_fb i_j_~Zqe "Zgbo \¢e® [Zah\bo klZ
klZgpe-€
lh gZijyfm \e~ [Zah\h€ klZgp+€ “h k_j\_jgh€ klZc
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ko_fz i_j_~Zqe "Zgbo \bdhjhkiEtdpMvkdheb \e~klZge
[Zah\hx 1Z k_j\_jgbfb klzgpeyfb 1Z gZy\geklv i_j_rdh
ijhoh”~” ggx jZ"*hkb]gZem

Ilh eZzgpx dm [Zah\bo klZgpec “h k_j\_jgh€ klZgy
ko_fz \bdhjbklh\m}lvky m \biz~dm dheb \e”rklZge
"heheyxlv klZ[eevgh i_j ~Z\ZIb ~"Zge ih jZ**hdZgZem

[ HPRYV PL@LU%

[ izamz ki .Zah\Z ki |

[ ;Zah\zZ ki ]

Jbk Ko _fZ jh[hib ijbez”e\ ~ey fhgelhjbg]lm 1Z fekp_a
gZijyfm \er [Zah\h€ kiZgpekl2gpk€j\_jgh€

‘HPRYV PLQ;LU

{ -Zah\Z Kl }/ \[ .Zah\Z Kl ]
\[ -Zah\Z Kl /

Jbk Ko_fZ jh[hlb ijbez”e\ "ey fhgelhjbg]lm |Z fekp_
eZgpx dm [Zah\bo klZgpec “h k_j\_jgh€ klzZg
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Hkgh\ges \eZklb\hkle [Zah\h€ klZgp-£€
+fZ} k\leleh\m [Z a\mdh\m e<g”bdZpex "ey -egnt
a“eckg_ggy \e~feldb
taZibk ghf_jZ dhgljhevgh€ lhqdb gZ dzZjldm
xi_j_"~Z\Zggy ~"Zgbo ijh fekp_agZoh” _ggy [Zah\h€
NZge ijh ijhoh”~" _ggy kihjlkf_gzZfb dhgljheZgbdb Ihqgh
ghf_j dhgljhevgh€ Ihgdb
Dhgkljmdpey [Zah\h€ klZgp-€
fedjhdhgljh\eWjR FW
aqblm\zq dX)jI'nd& F=p \e~klZgv agblm\zZg:
ff
*36fh"meéw 1(2 09
kleleh”reh” |Z amf_j ey k\leleh\h€ 1Z a\mdh\h€ ¢
jZ"ehfh~mev [R5D F=p
Zdmfmeylhj /L)H3R a ieZlhx aZobklm \en |
dhgljhe _jhf aZjy"m
*gnjZq_j\hgbc ij96fZ&"ey d_jm\Zggy ijbkljh}f
Dhgkljmdpey klZgpe+€ \azZ}fh”e€ a ID
fedjhdhgljhhédHRYV PLGUUR
aqblm\zq dX)jI'nd& F=p~ktZgv aqblm\Zggy -
ff
kleleh”reh” |Z amf_j ey k\leleh\h€ 1Z a\mdh\h€ ¢
jZ"*hfh~mev [R5D F=p
egnjZq_j\hgbc ij96fZ&"ey d_jm\Zggy ijbkljh}f
Zdmfmeylhj /L)H3R a ieZlhx aZobklm \en |
dhgljhe_jhf aZjy"m
>eyaZibkm ~Zgbo \e~feldb \bdhjbklh\mxIvky 5),'
$ dzjldb Z[h [j_edb a h[T}fhf izffyle DJ[Zcl
I _j_\Z]b kI\hj_gh€ kbkl_fb _e_dljhggh€ \e~feld
fhgelhjbg]hf
Fh eb\eklv jharbj_ggy fhrbnedZp-€ dhfie_
ijhljzfgh]lh azZz[_@y_Mey aZ”h\he_ggy \bfh] kihjlkf_g-e\
afz]lzgv
;hjhlv[Z a djz~«"dZfb ijbkljh€\ gZ fekp_\hkle
Keerdm\Zggy aZ |j_amevizZIZfb ijhoh”" _ggy
dhgljhevgbo Ilhghd m j_Zevghfm gqZke
Fh eb\eklv jh[hlb \ ~eZiZahge |_fi_{BImj f&
aZ\"ydbdhjbklZggx /L)H3R Zdmfmeylhje\
<bdhjbklZggy jzZ”"*hfh"mex 6; /R5D a a
Zgl_ghx aZ[_ai_gm} a\fyahd a ijbkljh}f gZ \e*klZge *
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Kibkhd \bdhjbklZgbo " _j_ e
6)5V\VWHFPe dljhgguc jzkmphg®Zjy +J_"bf
A"MKIMIBWWBZYVSRUWUWWHP
63257LGHQW >(OHFWURQLF UHVRXUFH® 6 3
$FFHVV PRGH KWW S VSRUWLGHQW FRP
<Zkbev}\ H X ?e_dljhggz \enfeldZ "ey Kk
hje}glm\Zggy He ] Xjech\bg <Zkbev}\ He_ dkzg”
KIl_izZgxd Gdhdfligx!_jge |_oghbBhjrec Je] <b"Z\gbqb
p_glj ><GA ©Djb\hjeavdbc gZpehgZevgbc mge-\_ jk
L hf; +K
5HIHUHQFHV WUDQVODWHG DQG WUDQ
6)5VA\VWHP >(OHFWURQLP QYHWRRXBEFAN® PRGH
KWWS VB3RIUWV\VWHP UX
63257LGHQW >(OHFWURQLF UHVRXUFH® 6 3
$FFHVV PRGH KWW S VSRUWLGHQW FRP
9DVVOLHY 2 <X (OHFWURQLF PDUN IRU RUL
20 6WHSDQLXN 1HZ FRP:SNWHIU 5X K F K QNSODR I\ |
WVHQWU '91= ©.U\YRUL]N\L QDWVLROP@QLL XQL
3

SHFHLYHG 0D\ LQ WHYLVHG IRRFHSWH
0D\
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> yde Zki_dlb gZ\gqZggy ijh]ljZzfm\Zggy <]hj
fZc[mlgeo g  _ighjskXfekle\

<heh”bflgjZzlhesch\bg JZdh\bq
DZn_7jZ «gnhjfZlibdb « de[_jg_Ibdb F_eelhihevkvdtl
i_"Z]lh]leggbc mge\_jkbl Im «f g+ ;h]*"ZgZ Of_evg
\me_IlvfZgkvdZz f F_eelhihev MdjZ€g
UDFNRY\FKY#JPDLO FRP

:ghlZpeyF_lhx "~hkee~"_Ppghley” ijh[egigZggy
ijhljZzfm\Zggy <lhj fZc[mlgeoijhlgZfgklpdAZ~rZqZfh
"hkees”" _glgy\bk\ele _ggy iblZgv "~hpeevghkle gZ\qZg
ijhljzfm\Zggy kim” _lgilspeZlelvghkl_c hley Zelhjbli
egkljmf_glZevgbo azZkh[\ "ey Hhigjdlfdfb ~hlhdrdy
ijhp_k gZ\qZggy ijh]jZtm\Zggy <]hj fZejmjgfekto\ g _
lj_~f_Ihf “hkee*""}ldghj_Idfdhh*bgges i**oh”b ~h \bdeZzZ”
ijhljZzfm\Zggy <lhj fZc[mlgef ijfgd]Zf-kjlzsf M KklZIle
ijh\_~ gh ZgZesa maZ]Zevg_ggy ke «bklgVZdhaeex b
gzZ\qZggy ijhljZzfm\Zggy ~<lhj fZc[mighZfegle\g je\
jhaleygmlh \e~hfe ¢ ki _pbnegqge Zelhjblfb a ijh]jzZfi
h[%jmglh\Zgh \e~[ej egkljmf_glZevgbo azZkh[e\ jhi
j_amevlzZle ~hkeeieZpgy}lvky maz]zZrekAgblbe]jh\h]h
ijhljzfm\Zggy "~ey nhjfm\Zggy j_dhf_g~Zpec sh?
ijh]jZzfm\Zggy <]hj fZc[mlgeighqgZfgklpd\m azZdezZ”Zo \t
hk\elb

Dexqgh\e kehYB]jZfm\Zggy <]hj if]jZg-Kl gZ\qZggy
ijhljZfm\Zggy

9 $ 5DNRYLFK 6RPH DUPHRMQJ WKH JDPH SUR
IXWXUH VRIWZDUH HQJLQHHUYV

SEVWUKBALP RI WKKN WRXGHYLHZ WKH SUREOH
JDPH SURJUDPPLQJ IRU I XWXTKH VRRE MRA BAWKHRY HNQN K (
DUH KLIJKOLJKWLQJ WKHDUHOQVQELWKW\JDPWXSVRR
VWXGHQWY RI ,7 VSHFLDOWLHY DQG DQ RYHUYL
GHYHORBRH QRMEMHWWH LWWW&H OHDUQLQJ SURFH
SURJUDPPLQJ IRU IXWXUH 7\KRIXNERMHFNW HQ I MOKHHH (
WRMHWLFDO DQG PHWKRGLFDO DSSURDFKHV WI
IXWXUH VRIWZDUH HQJLQHHUV ,Q WKH VWXG\
VI\VWHPDWL]DWLRQ RI UHVHDUFK RQ WKH SUREO
IRU IXWXUH VRIWZDU M H/&H QHMMXD® MY WWRROYGXEV !
WR VXPPDUL]H WKH H[SHULHQFH RI JDPH SURJI
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UHFRPPHQGDWLRQV IRU OHDUQLQJ WKH JDPH <
HQJLQHHUV LQ XQLYHUVLWLHV

.H\ZRUGWDPH SURJUNRRWZDUH HQHDQIQHQJ
SURJUDPPLQJ

$11LOLD VHISOQ W FREWXRMHU VFLHQFH 0H@G& W RESH
6WDWH 3HGDJRJLFDO 8QLYHUVLWWHWRD®®QD.KP
OHOLWRSRO SNUDLQH

(PDLO UDFNRY\FKY#JPDLO FRP

1]jb ih\kydqgZk \bdhjbklhr\ghkkjimkygydgZ\qZggy ~ey je
Zki_dle\ “blly HklZggef qZkhf gZc[eevrh€ ihimey
dhfifxl_jge 1Z fh[eevge ¢]jb yde klZxlv \k_ [eevr pedZ
M a\fyadm e+a pbf eh]eqgh \bdhjbklh\m\zZlb jhaj
dhfifxl_jgbo 1Z fh[eevglh®\ igdbkl]hx gZ\qZggy ijh]jZfm'
fZc[mlgeo g ijh]jdfekle\ Djef Ih]lh sh kIim~"_glzf
pedZ\er_ \b\qZlb hkgh\b jhajh[db <]hj <« [Zdbf qgbc
hkgh\ge ihgylly ijh]jZzfm\Zggy \hgb afh mlv hljbfZlIb
kmqgzZkgh]lh jbgdm hfijZlpglghkle m JZemaes e<g”"mklj
ljh]ljZfm\Zggy <]lhj aZhohgm\Zlbf_ klm”_gle\ ~h ieag:
|_hje€ «]hj Ze]hjblfeazZpe€ |_hje€ ijh]jZfm\Zggy sh g
€f kI\hjx\ZIlb pedzZ\e <]jh\e ijh]jzZfb 1Z ~"hky]llb d-
ijhn_kecgMghilh\db AZ\~ydb ijh]jZzfm\Zggx *]hj fZc[ml
ijhljzfeklb gzZz\gZlvky [m~ m\Zlb Ze]lhjblfb r\b”r_ « a |
jhamfeggyf e« aZohgmlv p_ ajh[blb q_j_a pedZ\eklv -
mkieom sh ih\fyazgh «a kl\hj_ggyf ]jb

:gZe+a hklZgg“o "dwke im[eedZpec k\ergblv sh hdj_
9Z\qZggy ijh]jZfm\Zggy lhj fZc[njhdjd@f-gl-\gihj*Zgh m
gZmdh\bo jh[hl1Zlgz\ZDez ;4c[ZdZ GlIlkhjh[dZeh\Z
< < DZkboegZ DZIZ}\Z: RZ[Ze+gh€ 1Z «g Aljd)ZfeZ «J
L;Zc[Zd > @ gZ]hehrmxlv sh gZ\qZggy ijh]jZfm\Zgg
ijh"mdlb\gbc je\_gv aZk\h}ggy afeklm gZ\qgZggy KI
i_j_"[ZqZ} ih}*gZggy deevdho jeagbo Ze]lhjblfe\ 1Z i
dhfifxl_jgzZ ]jZ k\e~rqblv ijh Jeb[hd_ jhamZedhppifehlo-
I1Z ihgylv ijh]jzfm\Zggy LZdbf gbghf gzZ\qZxqgbkv ijl
kim~_ gl 1Zzdh™ gzZ\gblvky deevdhf hkgh\gbf dhgp_ip
ijhljzfm\Zggy Zelhjblfe\ [m~_ \fhlb\h\Zgbc \bdhjb
dhgp_ip*€ “ey kl\hj_ggy gh\bo <]hy Klmjx\glb prh{m
*]ljb ¢ \ jZfdZo pbo gh\bo <]hj \hgb gzZ\qgZlbfmlvky I
gh\e Zelhjblfb ¢ f_Ih”b ijh]jZfm\Zggy

M ijhp_ke ijhn_kecgh€ ie*]hlh\db fZigprhjlgfe kldp" g _
ih\bgge fZlb ih\g_ my\e_ggy ijh "bll}\bc pbde ith]jZfg
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\ke Zki_dlb ch]h jhajh[db Ahdj_fZ m ]JZemas-« ijh]jZz
fZxlv mk\eAhfblb sh ijhp_k klI\hj_ggy IZ \bimkdm dhfi
i_j_"[ZqZlb jhaley”™ + hijZpx\Zggy I1Zdbo Zki_dle\
dh*m\Zggy “"baZcg je\ge\ ©fedjh? nhjflpZAb&Z clgdm
ZgefZpey a\md IZ fmabdzZ |_dkl fhg_IbaZpey <]jh\b«
iblzggy fzZjd_Ilbg] PBBajhdHE |Z -g Pe Zki_dlb \lI
I L_cehjhf LzZdh™ \eg gZlhehrm} sh mke pe gZ\bc
g_h[oe*ge Z |IZdh" gZ”a\bqdcalZkktégdges *en"gZ ex’
fh™_ \bljzZlblb mk_ k\h} "blly gZ €0 \*hkdhgZe_ggy >
M ijhp_ke gZ\gZggy ijh]ljzfm\Zggy -<]hj Zdp_gl
f_lh~ heh]*€ hijldgh\Zgh]lh ijh]jZfm\EgQlygxah\
\WZ2"Z} sh py f_Ih~heh]ey ijh]jZfm\Zgkiw gndyjZrh \fAlke lon
fZc[mlgeo g ijh]jAfekle\ jhamfeggy Ih]h sh ijt
ijhl]jZzfgbo kbkl_f g_ <kgm} ekgmxlv ebr_ f_Ih”b
\bjerm\ZIb ijh[e_fb ih\fyazge e+a jhajh[dhx kdeZ’
Jhamfeggy pbo f_Ih”~e\ ¢ Jhlh\geklv €0"h\d\diejblklh\r
ih~“hezZlb [Zjf}jb \oh”m ~h ijhn_kecgh€@ «yed @qlZlalg 2q Z
E < =jbrdh ijb \b[hje pe}€ fh"r_ees \bdezZ”Zq_\+ k¢
ijh "mfzlb f _Ih~"bdm \b\g_ggy fZl _jeZem esgZdr_ "~ _|Z
fh mlv aZlegblb kmivhjpgld\ghjh]jZfm\Zggy @ Kk
Kim~_glb fzZxlv ajhamfelb sh ”“ey jhajh[db jeag
eh]eqg- Zjdz"g-e kljZl _]l*qg- kbfmeylhjb jhevh)
aZklhkh\zge jeaghfzZgelge Ze]lhjblfb >ey ijh]jZfm\Zg
kim~_glzf g_h[oe*"gh azZkfh&ltbjlZehgby ihrmdm i_j_ |
as afeggbf af_gr_ggyf jhafeim j_dmjkb\ge Ze]lhjblfb
aZklhkm\zlb €0 “ey jhajh[db |Zdbognilepgbrl@®|_ klbc
©Ge+f2 ©FZ]eqgbc d\Z7"jZl2 ©OZghckvde \_"e¢2 |Z g
Jhajh[dZ ' IZ \e~_he]lhj adg+iZ3elbjblfe\ nhjfm\Zg
ah[jZz  _gv :~_ yd a2agZqZ} ZgZe+a pbo Ze]lhjblfe\
fh eb\eklv kim~_gqgizjfr_ihhljbfzZlb qeld_ my\e_ggy ijh
\eA[m\Z}Ivky a jhajh[e_ghx ijh]jzfhx ijb €€ \bdhgZz
izd_Ihf ANjm]_  _n_HIbbghjbklh\m\ZIlb ]jZneggm kbkl_
[j_I} \e~rdjblb fh eb\hkle \bdhjbklZggy azZkh[e\ gb
ahdj_fZz [mn_jZ dZ”jm IZde yd gZdeZ”_ggy |_dkiIm
dZgZem ljh]ljZzfekl ih\bg_g agZlb ijbgZcfge yde
\bdhgmxlvky kbKl aflaZemq_ggy agZqgbo j_kmjke\ Z
\_ebdbo h[gbkex\Zevgbo \bljzZzl « \bdhjbklZggy ki_p-«z
"hjhlbo ZiZjZlgbo Z[h ijh]jZfgbo a@khHI\ > fZc[mlge-
eg _g_ih]jzfeklb fzZxlv hagZchfblbky ea ~\h\bfejg
[jb\bfejmfb ZelhjblfZfb \e~rkedZggy Ze]kZalfpe DgttZgZ
E«ZglZjkvdh]lh KzZaOQlk"d"glZ 1Z €0 fh bnedZp+€ Ze
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\br"Ze_ggy g9g_\b”"bfbo ih\_johgv [nZre]pblffzeyjZz
ihjy~rdh\h]lh kdZzgm\zZggy j_}kljh\hlh i_j_I\hj_ggy 1Z -«

lkgm} \ _elwdZkdveZze]hjblfe\ "ey €0 j ZeecaZpe+€ \ ijh
\er _he]hj GZ\gZxqgbkv €0 ijhljZfm\ZIb Kim”™_
\bdhjbklh\m\ZIb e<kgmxqe Zelhjblfb sh[ djZs_ ajha
aZlzZevgbo ijh[e_f Z[h gz\gblbky klI\hjx\ZIlb k\h€ \eZ!
i_\gh]lh azg\wyzd]jz\Ze 1ZA4c[Zd i*~dj_kexxlv sh dh™ _g
dheb klm~_gl j_Zeeam} Z[h jhajh[ey} Zelhjblf cl
Zelhjblfb 1z ijh]ljZzfm\Zggy m~hkdhgzZexxlvky > @
ki_pbneqge ey jhajh[db <]hj } \Z eb\bfb egkljmf_glZ
fZc[mlgeg _g_jth]jZfekle\ LZdbfb } Ze]hjblfb \bag
asldg_gv * neabgge Zelhjblfb

AZ\"Zggyf Zelhjblfe\ \bagZq_ggy a-cldg_gv } i_j_
i_j_IbgzZxlvky ~\zZ h[f}dlb \ ijhklhje M \bizZ~dm
i_j_IbgzZxlvky qgzZklh [m\Z} g_hlo-gmiZjfZpeyY |diDA&Z vy
agZoh”~” _ggy h[kylm i_j Ibgm ch]lh ZijhdkbfZpey m \lI
Z[h ijhklhlh ]_hf_ljbgghlh h[f}dlZ Jeb[bgZ \aZ}f
h[f}dle\ Py egnhjfZpey \bdhjbklh\m}lvky gZijbdez"
ydZ ih\bggZ [mlb ~"h~"ZgZXZgofh*seetdy €0 jharlh\lom'
\eMih\ergh ~h aZdhge\ f_oZd@e+die Zelkjblfb ~_fhgkljm
kim~_glzf hkgh\b Ijm~hfekldhkle 1Z ZgZesam Ze]lhjbl
h[bjzlb gZcdjZsbc Ze]lhjblf ydbc [m”_ ijZpx\ZIlb \ dt
"hal\heyxqgb kl\bhjkxéZkge ]jb IZ j_Zeeam\Zlb \eZkge "

Neabgge Zelhjblfb *hihfZ]Zxlv m jhal\fyaZgg- ijh[e
\bagZq_ggyf jmom h[T}dle\ ]jb j_Zeeamxgb _n_dl kbe
IZ \b[*]j reyoes\ h[T}dIle\ ickey €0 acldg_gv > @ Hagz
pbb Ze]hjblfZzfb ~hal\heblv azZklhkh\m\zZlb \eZklb\l
h[T}dle\ m ]je <hgb [m~ mlv m afhaes i_j I\hjx\ZIb r
ihgylly efimevkm 1Z 1jz}dlhjs€ jmom \ Ze]lhjblfb \
ihgylly ijbkdhj_ggy 1jZ\*1Zp<€ Z[h r\b~rdhkls edZIZlhkh)
dhgklzglb ~ey h[jZom\Zggy \e*klZge 1Z gqZkm H\he
jha\ffyaZggy pbo neabqggbo ijh[e_f ¢ \bjer _ggy aZzZ\"zZ
Zelhjblfe\ kim~_glb Jeb[r_ ajhamfexlv yyldn\bh pJrdély g[mm
ijh[e_fm Qbf [evr_ \hgb gZ\qzZxlvihajh[dh jplagblo
ijh]jzf yde lekgh ih\fyazZzges a j_Zevgbf k\elhf Ibf djZ
aZklhkh\m\zIlb gzZ[mle \feggy m “bll}\bo <« ijhn_kec
>Dhg]_j aZzagzZqZ} sh \[m~h\m\Zggy neabdb \ «]jb ha
deevdho hkgh\gbo h[f§}l&ls "kp_g jmom I\_jr*bo h[T}
h[_jlzggy |_jly hihjm ih\eljy ¢« \h~"b kbeb ly 'eggy a
Jgmqgdbo j_q_c o\be@ >GZkch]h ~mfdm Ileevdb ~I
hiheh?e\rb fZckl_jgeklx fh”_ex\Zggy neabqggbo az
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Ahfh]lbky \bdexdgh Mo ke\gy j_Zeeklbgghkle dhfifxl_jg

>ey jhajh[db «]Jhj \bdhjbklh\mxIv [Z]ZIh «gkljmf_gl.
\dexgqZxgb jmre€ &RFRV G 'RRP (QJLQH 'HIROG
*DPH (QJLQH I1Z -«g k_j_"~h\bsZ jhajh[db *DPH OI
5" 8OGW\ ' OLFURVRIW ;1% *DPH 6WXGLR ([SUFL
ORQR'HYHORS (FOLSVH Iz -g [Z ~"h~rZldh\e egklj
d_jm\zZggy ijh_dlzfb 1Z I_klm\Zggy *LW 7UHOOR
ki\hj_gdylZz "' ]JjZnedb %OHQGHU $GREH RBHWRWRWRR
&RUHO'5%: dhgkljmdlhjb ¢«]Jhj *DPH ODNHU $GYHQ
*DPH 6WXGLR 1Z g GZ gZrm ~mfdm a pbfb ijh
kim~_glb fZxlv [mlb hagZchfe_ge* h]lJey~h\h gb \ ihi_j_
N_ydbo kee” ajh[blb Zdp_gl nyhdhZ\tmd Z9pdgghhji Ahdj_
Wz Z}fh ~“hpeevgbf amibgblbky gz ~_IZevghfm hagZz
jmreyfb 1Z ~\hfzZ k_j_~h\bsZfb jhajh[db' &y
GZijbdez™ p_ fh mlv [mlb jmre€ &RFRV G « 8QLW\
6WXGLR (FOLSVH |z j&Qjz\Wm\ Z gogiyh ¥oX D Z

Lzdbf gbghf a f_lhx i**"\bs_ggy _n_dIlb\ghkle
ierlhlh\db fZc[mligeo ¢tphligfiklie\ ~hpeevgh a”eckgx
gZ\qZggy ijhljZzfm\Zggy <lhj yd_ % jmglm\ZIbf_ Ivky
\erhfbo ¢ ki_pbneggbo Zelhjblé€\ hf{}thljdbkegn h\Zgh]h
ijhljZftm\Zggy "hpeevghfm \e*[hje egkljmf_glZevgbo ¢

Kibkhd \bdhjbklZgbo ~"_j_e

%DLEDNMURJUDPPLQJ *DPHV WR > HDHFW $RQ!
UHVRXUFH@ 7TLPRWK\ %DLEDMNPBD MHMHY |6RRE DH\L
(QJILQHHULQJ $(@XXDW LR IHUHQFHL O WBRNILMDLAR (
9LOOPRBAROXOX +DZDLL -XQXKHVGD\ -XQHzx
3 +$FFHPRGKWWSYV JRR JO ;PG=GO

=jbrdh E < Dhgp_ilmZevges is"0hdp KhghdzZ\
ijhljZfm\Zggy m \bsec rdhee GZmdh\bc qZkhit
F 1 >jZz]lhfZgh\Zz K_jey < DhhijxdIHghge kbkl_fb
gZ\qZggy al gZmdh\bo ijZpv D J_"GEMZ «f _g-
F I >jzlhfzZzgh\Z +« + K

DhgxoK\E H[f}dIlghe}glh\ZzgZz f_Ih”*heh]ey jhajh]
kljmdImje ie~]hlh\db fZc[mlgeo ijh]gZfkighedh\ K
lgnhjfZpecge I_ogheh]s€ \ hk\ele |1Z gZAfmpe-ltaiheyzmd
F>IM «f, Of _evgbpvdh]ht<bi =K

7D\ORU 3WRRZH DQ ,QGLH *H(®H FMNHIRFHWH \
>3DXO 7D\ORU@ HR-CYH *DVKHY $SFFHRRGH
KWWSV JRR JO -TXZG(

$QIJIHOQWHUDFWLYH &RPSXWRAR *PPSKRB VK & |
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6KD@HDWHG 2SHGZDUG $QJH® L BHBQEKRBI DUVRQ

+ S
Kh[bgh\B  :e]hjblfu h[gZjm _gby klhedgh\
> B Kh[bgh\ <<Dhjh[bpug FZI_fZlbq_kdb_ kljmd

fh~r _ebjh\zZgb_ +<ui K
&RQJHU ' 3K\VLFV ORGHOLQJ |RLYEDBP&RDURD
+&RXUVH 7THFKQRORJ\ 75

5HIHUHQFHV WUDQVODWHG DQG WUDQ\
%DLEDNSURJUDPPLQJ *DPHV WR /HDUQ $0J
UHVRXUFH@ 7LPRWK\ %DLEDN S5DMHHY $JUDZE
(QJLQHHULQJ $(GXFDW ERDIHUHQFH ([SRVLWLRC
9LOODJH +RQROXOX +DZD7IXH\K®M - X QHz
3 +$FFHPRG HKWWSV JRR JO ;PG=GO
+U\WKNR / 9 .RQWVHSWXDOQL SLGNKRG\
SURKUDPLY XQY\WKFKLL VKNROL >&RQFHSWXDO D
EDVLFV RI SURJUDPPLQJ LQ KLJKHU HGXFDWLRQ

0 3'UDKRPDQRYD BHULLD <« RULLRBRKWHUQ RV
QDYFKDQQLD JE QDXNRY\NtK. SUDMBVLPHBRHG L
0 3'UDKRPDQRYD +6 ,Q 8NUDLQLDQ

.RQLXNKRY 6 / RYPELHOWRRDQD PHWRGROR
VWUXNWXUL SLGKRWRYN\ PDLERUNEG QNKH S URKW BF
RI GHYHORSPHQW LQ WKH IXWXXFHWSURJRDPW®
6/ .RQLXNKRY ,QIRUPDWVLLQL WHNKQRORKLL "
+OHOLWRSRO 0'38 LP % .KRHOR\WS/NRKR
,@NUDLQLDQ

7D\ORU 3 +RZ WR %H DQ ,QGLH *DPH H@ HOF
>3DX0 7D\ORU@ MR-XHYDPHV$SFFHVV PRGH
KWWSV JRR JO -TXZG(

$QJHO ( ,QWHUDFWLYH &RPRBXQ B 8 SURBKK 2\
6KD@DWNHG 2SHQ*/ (GZDUG $QIHROQGRQH 6HIDHILM

+ S

BREDRY ' , $OJRULWP\ REQDUXERMLLWDL R
'"HWHFWLRQ ®OJRULWREYQRY 9 9 .RURELWF\Q
VWUXNWXU\ L RRGH®LSR¥BQLH ,Q 5XVVLDQ

&RQJHU ' 3K\VLFV ORGHOLQJ IR tGP&RDPURL
+&RXUVH 7THFKQRORJ\ %75

SHFHLYHG $SULO LQ UHYLVHG IRUP
$SULO
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lih_dlb gZ [Zae* *]jh\h]h jmrey 8QUHDO (QJLC
\ dmjke ©Jhajh[dZ dhfiTxl_jgbo <]hja

He_dkzg”j 1\Zgh\bqg =heef"dB]2\gw Hhek_}gdh
cev[egZ <Tyqg_kez\e\gZ Ohfegylbq
DZn_"jZ «gnhjfZlbdb 1Z ijbdez”~gh€ fZIl_fZIbdl
Djb\hjeavdbc ~_j Z\gbc i_~Z]lh]leqgbc mge\_jkb|
ij =Z]ZjegZ Djb¥bc Je] Mdjz€gZz
QY PRLVHHQNR#JPDLO FRP

:ghlZpely_Ihx "hkee""} kdvhj_ggy ijh_dim gZ [Za+ °]
jmrey 8QUHDO (QJLQH ~ey \bdhjbklZggy \ dmjke ©J
elhj2 ijb ie~]hlh\pe edjhlgZfekle\ 1Z \gbl_ees\ egnhjfzl
AZ"ZqZfb "hkee} Zggeea fh eb\hkl_c <]jh\h]lh jmrey
(QJLQH \bwjl\dywy ijh_dle\ gZ ch]h [Zas jhajh[dZ ]
dhgp_iieZgm ijh_dIm\Zggy IZ ijh]jZfgZ j_ZecaZpe-y °*]
H[T}dlIhf "hkee"} dgw_k gZ\gZggy dghlj@fikie\ [Z
\gbl_e*\ egnhjfElbdblhf "hkeer"} dlggthjbklZggy <]jh\h]
jmrey 8QUHDO (QJLQH \ dmjke ©Jhajh[dZ dhfifxI|_jgb
eg _g_jth]jZfekle\ 1Z \gbl_ees\ egnhjfZlbdb < jh[hle
ZgZeesa fh eb\hkl_c <]jh\h]lh jmrey 8QUHDO (QJLC
kiVhj_gh]lh e«]jh\h]h ijh_dIm “ey \bdhjbjlbl@&eggym\ iyll hk
gZ\gZgges jhajh[db dhfifxl|_jhbameyhilb ~hkee""_gc
iezgm}lvky \bdhjbklh\m\zZIb ijb jhajh[phr”bgg\gbev
dhfie_dkm ~"bkpbieegb ©Jhajh[dZ dhfifxl_jgbo <]l
ie"lThlh\db [ZdZeZ\je\ 1Z fZ]eklje\ aZ Ki_jp “dpkAgbKIx
lgnhjfzlbdZz

Dexgh\e kehkZj_~h\bszZ jhajh[db dhfifxl_jgbo <]h
jmre€ gZ\gZggy nZoe+\pe\ a egnhjfZpecgbo | _ogheh]ec

2 , +ROXIE9 ORLVHLHRQNRKRPLQLDSQBKDO (QJLQ
EDVHG SURMHFWYV LQ DQAWARRYXIE-FANWORSPH

$SEVWUDKMLP RI WKILW WWHKGWUHDWLQJ RI 8QUH
SURMHFW IRU WKH XVH LQ D FRXUVH 3'HYHORSPH
HQJLQHHRUWDPPHUV DQG W H D2FEKMHHURAVR IY H@ LR/U VKV
WKW OWLY RI SRVVLELOLWLHV RI 8QUHDO JDPH H
EDVHG RQ LW GHYHORSPHQW SRID QBIP HSMDQ QR.Q
SURJUDPPDWLF UHDOL]DWLRQ RRENRHPEW VRHW H B A
WKH SURFHVV Rl WUDURILOIPRPHHYIDRQEHWHDFKH U
7TKWXEMHFW RWKHYHDLWFMWKH XVH RI 8QUHDO (Q
S'HYHORSPHQW RI FRPSXWHU JDPSV¥R IDUD RMPHLLQ [
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WKH WHDFKHUV RI LQIRUPDWLFV ,QRRXUEZRU M IDX
8QUHDO JDPH HQJLQH GHVFULEHG JDPH SURMH
H[DPSOH IRU VWXGLHV RI GHY HDRSPHOW R MFIRIP ¢
SODQQHG WR XVH IRU GHYHORBPKRGL RD OWKRIP B
FRXUVH ' HYWORSFRPSXWHU JDPHV'  DW WUDLQLQ
GHJUHHV DIWHBHFRHFGEDOWNGXFDWLRQ ,QIRUPD!

H\ZRUGSURJUDPPLQJ HQYLURQPHQWV IRU Gt}
JDPHV JDPH HQJLQHV VWXGLHV RI VSHNLDOL\
8QUHDO (QJLQH

$IILOLDMWSBRQWPHQW Rl &RPSXWHU 6FLHQFH D
LU\Y\L 5LK 6WDWH 3HGDJRJLFD O$8K LYKNBWK W\

8NUDLQH
(PDLO Q Y PRLVHHQNR#JPDLO FRP

Dhfifxl_jge ¢]jb \ kmqgZkghfm k¥Ykh[}hg hahZ]b Ze_
\_ebdhx gzZzklbghx fZkh\h€ dmevimjb M jhpe \e”r _h
\bagZge \b~hf fbkl_pl\Z mjy*hf KR: [Z GZpehgZe
fbkl_pl\ KR: Fma_c kmqgzZkgh]lh fokhjemZjb "Xk "ey
k\h}€ dhe_dp-€ dhfifxl_jHEeb ¢ Zkbdhx k_j_~ yd
6SDFHZDU jhdm [Zd « [eevr \e~rhfe >7T@®H 61
Dhfifxl_jge <]jb ih”e[gh ~h el _jZImjb [|_ZIjm 1Z d
1jZ\pe\' \ Zevl_jgZlb\gm j Zevgeklv Ze_ a fh eb\eklx
j_Ze<klbggerbfb kll4xlv Ibf [eevrh]h \hgb \bfzZ]zxlv
jhajh[gbdzZ ]jZnedZ kx _| _e_f _glb rimqgh]h +gl_e
i_jkhgZ «\ klZxlv \k_ kdeZ~gerbfb Ihfm [eevrZ qZklk
\bdhjbkIhim} ¢]jh\e jmre€ sh[ ie*\bsblb _n_dlb\geklv

ljb ih[m~ hmjldm ©Jhajh[dZ dhfifxl_jgbo <]hj2 fb |
hkgh\m ~_deevdZ jmre€\ ahdj_fZ 8QUHDO (QJLQH
fh eb\hkl_c¢c pvh]lh jmrey [m\ jhajh[e_gbc ijh_dl ©7KF
ydbc fh™_ kem]m\ZIlb ijbdez~hf ijb jhajh[pe kIm”_glkv
©KH ORVW KXPDQLW\2 gZe_ "blv *h “Zgjm ijb]h~b a
WKEHGVRQ DGYHQWXUH

1]jh\bc ijhp_k ihey]Z} \ “hkee~"_gge* k\elm ]jZ\p_f
i_j_km\zZggy ih gZcjeaghfzZgelgerbf ehrdXpZyfh £k a
*]jh\bf hlhg_ggyf I*”olqZk gpty ]jZ\_pv amkljeqZlbf_|I
ijhklbfb az\"Zggyfb 1Zdbfb yd "eagZlbky ijZ\bevgr
pbnjh\hlh azfdzZz \e~rmdZzZIlb ~"_j_eh “b\e_ggy sh[ n
f ozZgeafb agZclb kihke[ \e*djblb reyo gZ gZklmighb
ijhklej ihnee glggiZZevge ehdZp+s€ dh'gZ a ydbo fz} \
\ene]jZ} \Z eb\m jhev m jhamfegge aZ]Zevgh€ dZjlbghb
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[
Jbk 1]jh\s ehdZpe«€

Dexgh\e hkh[eb\hkle ]jb

+"bgZfeqgZ kx _1gZ e<gey sh jhadjb\Z}Ivky m oh”"

thih\e"Zggy q_j_a hlhgq_ggy ehdZpe+€ gZih\g_ge* "_
jhaih\eklb eklhjex ~Zgh]lh fekpy ¢ “~hg_klb "h 1]jz
egnhjfZpex

tegl_jzdlIb\ge _e_f_glb k\elm ~_kd¢ghdbfxhZjZe>r\ n
kih]z~"b ex”_c¢c aZibkdb ¢ nhlh]jZne€ ~hkimige "ey
Jeb[hdh]h aZgmj_ggy \ ¢]jh\bc k\el

tfhjZzevgbc \b[ej azZ i_j_[«]hf kx _Im ]jZ\p_\e gZe_
h~“bg *a ~_deevdho \ZjeZgle\ jhalbldm ih”ec dh _g
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gZkelt "ey k\elm ]jb

tkmqgzZkgZ 1jZnedZ ¢]jh\bc jmrec 8QUHDO (QJ
egkljmf_gle\ ey jh[hlb a \eamZevghx qgZklbghx ]jb

>ey jh[hlb gzZ” ]jhx [meh h[jZgh <]jh\c@JL®@HCc 8
8( 8(xe]jh\bc jmrec jhajh[ex\Zgbc « i**ljlgfmikxZgbc
(SL¥ODPHV GZibkzZgbc fhihx & jmrec ~halhey} kl\hj
[*evrhkle hi_jZpecgbo kbkl_f « ieZlnhjf OLFURVRIW
ILQX[ dhgkhe_c 3OD\6WDWLRQ 30D\6WDWLRQ

Kbkl_fZ 9LVXDO 6FULSW LK) RAORGKS FZQWSY ydZ
ij_~klz\ey} kh[hx \eamZevgbc <gl_jn_ck ”"ey klI\hj
]_cfie_y jbk Kbkl_fZz “m° _ ]JgmqdzZ I1Z ihlm gz
"bazcg_jzZf \bdhjbklh\m\Zlb dhgp_ipex . ih\gbc
ijhljzfm\Zggy %OXHSULQWY \bdhjbgih\im}Ivkydbey
\az}fh”e€ a h[f}dIZfb afegb egl_jn_cke\ dhjbkim\Zz
_e_f_gle\ d_jm\zZggy \\_~ _ggyf |_klm\Zggy aZ ~hih
\[m~h\Zgh]lh gZeZ]h""m\ZqZ

Jbk J_"Zdlhj %OXHSULQWYV

LZdh™ “h nmgdpehgZem 8( \e*ghkylvky

tnhlhj_Zeeaf m j_Zevghfm qzZke sh yley} khghx ne
8QUHDO (QJLQH ydbc ~halhey} azZklhkh\m\zZlb |
"bgzZfeqgh€ Ileg- <e"h[jZ  _gg9gy g9Z _djZgZo =+ dZ
azZ[_ai_gmxlv Jgmgdeklv ¢« n_dlb\geklv "ey klI\hj _gg)
j_amevlZlm

tneabqgh dhj_dlge fZl_jeZebVBE\VYDWHNQD @V /i
k\hx g_jlm \e~rghkylvky neabqgqgh dhj _dlge aZleg _gg
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6KDGLQJ sh hagZqzZ} fhr_ex\Zggy k\eleZ [eevr \ea
"h \blJey”m \ j_Zevghfm k\ele gZ hkgh\e j Zevgbo n
Degp_\bf j _amejvlAenvfr Ihqgbc « yd ijZ\beh [ecevr ijl
\bley”

Neabggh dhj_dlge fZl_jeZeb h~gzdh\h ~h[j_ ijZ
k_j_"h\bsZo hk\ele _ggy Dj+f Ihlh agZq_ggy fZIl_je
f gr kdezZ”gbfb =+« \aZ}fhaZe_ "gbfb sh ijba\h”~blyv
eglm€Ilib\ghlh elgh jn R i_j_\Z]b azZklhkh\ge gZ\e
g_nhlhj Zesklbggh€ \eamZeeaZp+s€ A pbo 1Z -+grbo
ijbcgylbc gh\bc i**0o*” ~h fh~_ex\Zggy fZl_jeZes\ gZ
izjzf_lje\ LZdh™ 8( fz} ih\gbc \boe”"gbc dh” gZ &
fh eb\eklv \b\qzZIDrilgdn\zZlb « gZeZ]h®* " m\Zlb \_kv 8Q!
ie” K\h€ ihlj_[b

AZ\"ydb lekgec kie\ijZpe (Sh&jhdbiZ§YUHDO (QJIL
klelh\bfb ee~_jZfb \ ]Zemae ZiZjzZlgh]lh 1Z ijh]jzfgh]
8QUHDO (QJLQH azZ[_ai_gm} \bkhdm jyehezkdvghe€y «k
“hih\g_gh€ j_Zevghkle AZ\"ydb \[m~h\Zgec .
gZcihimeyjgerbo ieZlnhjf [Zds nmgdp+€ yd \eamZe
j_"bfe fmevliek fiex\Zggy aleZ” " m\Zggy 06%$$ \[m~
j_g”_jeg] * hilbfeazZpey fhghkdhieqggZzZh\haimhze-aZp-y
aZ[_ai_gqm} \bkhdhydekges j_amevIZlb [_a agb _ggy ij

J_"zZdlhj 8QUHDO fzZ} Jeb[hdm kmfekgeklv a
mijZ\eeggy \_jkeyfb \ j_amevlZle gh]lh [Z]Zlh dh
\_jkeyfb agZoh”ylvky [_aihk_j_"gvh WRZ)VHNgs &RQW

M ijh_dl 8QUHDO (QJLQH fh eb\h e<gl_Jjypnd@lb ij:
I_ogheh]ex \bdhjbklh\mxgb fh*mevgm kbkl_fm ieZ]eg
"h \boergh]lh dh*m gz~zZ} fh eb\hkle ~ey klI\hj_ggy
ijhfe ghlh ijh]jZfghlh azZ[_ai_q_ggy-dkljufh g[-\a8¢q
e gl _]jZpec nmgdpec \°_ ~hklmigbo q_jkaj\OkDUN
Jhlh\bo jer_gv "ey [*ag_km =« g_j_a kis\lh\EjpleRh a
"ey ohklbgijh _,dle\ « €0 kicevgh€ jhajh[db

M ijhp_ke ZgZeeam |IZ ihje\gyggy Bi®U HDZ {(dbX¥bQH
aZkh[zZfb [meh \bdhgzZgh d\ZeenedZpecgm jih]
d\ZeenedZpecgh]lh je\gy ©[ZdZeZ\]j2 aZ gZijyfhf ie"]
©l1lgnhjfzlbdz2 Jh[hlZ [jZeZ mqgZklv m Fe gZjh~g
dhfifxl_jgbo |ZeZgls\ ©Ahehlbc ;Zcl® [nZeghdohkehzddh h
“h j_lehgZevgh]lh negZem HIjbfZge j_amevIZIlb *"Zxlv
\bkgh\hd sh 8QUHDO (QJLQH fh _ [mlb \b[jZgbc aZ
dmjkm ©Jhajh[dZ dhfifxl_jgbo <]hj2 Jhajh[e_gbc
kem]m\Zlb ijbdezZz~hf ijb jhajh[pe _gld¥§Zevgbo ijh
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Kibkhd \bdhjbklZgbo ~"_j_e
Heecgbd / Dhfifxl_jge ¢]jb g_[_ai_dzZ az[z\dZz
e _dljhggbc @khhjkgey Heecgbd JZ~eh KXHDhHHZ
+J_"bf "hklmim KWWSV ZZZ UDGLRVYRERGD
B8QUHDO (Ve QHjhggbc j_kmjk@ =+ ‘eedregZ/ey
_gpbdehi_~<«yNLPHGLD )RXQ@GDWLIR® ,@F_ "bf
Ahklmim KWWSV XN ZLNLSHGLD RUJ ZLNL 8QUH

SHIHUHQFHYV WUDQVODWHG DQG WUDQ\
20LLQ\N <H .RPSYTLXWHUGQEDKND RXKH ERANSHM M
>&RPSXWHU *DPHV +D]DWGHPWQ RRQUL F5 UMW 'V@ X U F F
20LLQ\N 5DGLR 6YRERWBKR:t $FFHWPRGH
KWWSV ZZZ UDGLRVYRERGDQRINUDLQLDQKWPO
8QUHDO (QJLQH >(OHF WNILRSMILGL D H WROHU IFHH@!
'LNLPHGLD )RXQSEDWKRYW QB $FFHRFRGH
KWWSV XN ZLNLSHGLD RUJ ZLNL 8QUHDOB(QJLQ

SHFHLYHGULO LQ UHYDDMG IRUBFFHSWH
0D\
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Kbkl_fb dhfifxl_jgh€ fzl_fzZlbdb
yd aZke[ \eamZesaZp+€ ijb \b\qg_gge* \ _dlhjgh]h :

He_gZ <edlhje\gZ <ldinezZ :gZlheech\bg KexkZj_gc
DzZn_njzZ fZI_fZlbdb 1Z f_Ih*"bddzZh€ dvjZ\qAghgb |Z

f_Ilh~bdb €€ gzbdEggyavdbc ~_j Z\gbc i_~Z]h]eqgl

mge\_jkbi_I1=Z]ZjegZz f Djb\bc Je] MdjZH

HOYLKURYD #JPDRNOBN®XVDUHQNR#\DKRR F

GZlZey He_ _dke€\gZ Aesghghk
DZn_"jZ \bsh€ fZI >fZGAd®Djbatadbc gZpehgZevgbc
mge\_jkbhAme <elZeey FZImk_Dhhg¥bc J-j MdjZ€g
JLQRQRV#L XD

:ghlZpely_IZ "hkes”"_poaydjblly fh eb\hkl_c aZklhkm
kbkl_fb dhfifxl_jgh€ fzI_fZlbdb KDF ODWKHPDWLF
\bdhjbklZggwbi\ep_gge \ _dlhjgh]hAZ§Z2ggm *hke<""_gg
h{%jmglm\ZIb f_Ih"bgge hkh[eb\hkle \bdhjbklZggy kb
fzl_fzZlbdb yd azZkh[m \eamZeecaZp+€ kdZeyjgbo 1Z
\b\g_gge dmjkm \_dlhjghH[TEZdlZerake”" _gjdyp Kk
gZ\gZdgdlhjghlh ZgZeesam kim~_gle\ ki_pbzeNghkle ©
"hkeer  _gg¢yDF ODWKHPDWLFD yd aZke[ \eamZes:
fZl _jeZem ijb \b\q_gge* \_dlhjghhmZ gh&eam Zpdgde-a
gZmdHhi\hh~*bggh€ e<l_jZImjb gZmdh\bo imje<kRBpec ij
J_amevliZlb "hkesh[%joyglh\Zgh *hpeevgeklv \bdhjbkl
ODWKHPDWLFD ijb \b\g_gges \_dllhgohgh \bdLddaim
j_dhf_g~ZptedhjbklZzggy KDF ODWKHPDWLFD yd
egkljmf_glm ijb \b\g_gge \_dlhjgh]l]h ZgZeeam ~*
gzZ\qZevgh]lh fZl_jeZem ~hal\hey} ihdjZsblb ydeklv ch]

Dexgh\e keh\kbkl_fb dhfifxl_jgh€ fzZIKDF bdhb
\_dlhjgbc ZgZe+a \eamZeeaZpey ~"Zgbo

2 9 9LNKURY®D$ 60OLXVDUHIPNRLQRQRWRPSXWHU
ODWKHPDWLFV &MWL IDWRRQ WRRO LQ WKH FR
VWXG\LQJ

$EVWURRWSXWHU PDWKHPDWLFV VI\VWHP &06
UHDOLVWLF IRU VWXGHQWY DQGH®GHNEDMWRUNUL
HGXFDWLRQDIOH FRROWSHRQW RIV WKRE MMORYV XUH R
SRVVLELOLWLHV RI XVLQJ &06 ODWKHPDWLFD D
FRXUVH RI YHFWRU ZEQMHFW LY HAMW RIGRWAKKE VW B QW |
PHWKRGLFDO IHDWXUHV RI WKH XVH RI FRPSXWH
YIXWOL]DWLRQ RI VFDODU DQG YHFWRU ILHOGYV
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VWXGREMHFW RI WHKWHHIYBIPKEKLQJ SURFHVV WR V\
33K\VLFV~ VSHFLBXWMHFW GRH @By BDWRKKIPDWLFD
PHDQV RI YLVXDOIRQDWORRDRIHHGRODWOLWKH FRXL
VWXGUHWKRGY Rl DVHDRVEK RI VFLHQWLILF DC
OLWHUDWXUH VFLHQWLILF BKIHE QLH\DIDLVRD W KGW K F
YDOLGLW\ RI WKH XVH RI ODWKHIPFWEWR US @6Q D (
VWXG\LQJ ZDV VOOH\QVEPRQHDOXWHE QV D QGXVIHFRP
&06 ODWKHPDWLFD DV DQ DX[LOLDU\ WRRO IRU "
\RX WR LPSURYH WKH TXDOLW\ RI LWV PDVWHUI
VWXG\LQJ

.HZRUGW¥RPSXWHU PDWKHPDWLFV V\VWHPV
VWXG\LQJ GDWD YLVXDOL]DWLRQ

$IILOLDWHSRDUWPHQW RI PDWKHPDWLFV DQG
PDWKHPDWSPBPVWPHQW RI SK\WVLFV DQG PHWKRGYV
5LK 6WDWH 3HGDVRWLFDO *SENBNHLD BILK
8NUDLQH

'"HSDUWPHQW RI KLJKHU PDWKHPDWLFV 6,+
S8QLYHUVIOWWDO\\ 0DWWWHMYRK 5LK T 8NUDLQH

(PDLOHOYLKURYD #JPMULFNRPOXVDUHQNR#\D
JLQRQRV#L XD

ljbgpbi gZhgghkle azZz\"*b [m\ h~gbf ea hkgh\gbo
ijbgpbie\ S_ m KIlzZjh*Z\gec =j_pe<€ i*~ gqZk gZ\q
\bdhjbklh\m\Zabke+f]_hf_ljbggbo lee ¢ nelmj Hkgh\l
gZ\qZggy [meh jhajh[e_gh m ijZpyo \b~rZIgh
Y: Dhf_gkvdh]h@ Jenkkh =C klZehppe> Mxbgkvdhl]h
LzZzd :YDhf_gkvdbc knhjfmex\Z\ ©ahehl_ ijZ\beh?& *
©Mk_ sh leevdbh fhijebklZ\eylb ~ey kijbcgylly \e~Agm
kzf_ \b~bfey kijbcgylly ahjhf |_ shiidemahfmbziZob
tgxohf |1_ sh k#Zd@ddhf ~hkimig_ t¥ehbahmd “hlibdm
Ydsh i_\ge ij_~f_Ib \erjZam fh gZ kijbcgylb deevdh
g_ozZkhgb \e”rjZam hohiexxlvky deevdhfZk\erqm@llyfb
[+"% mglyf "~ey j_ZeeaZpe€ pvh]lh ijbgpbim \bkImiz
ahjh\bo ZgzZee<azZlhje\ m kijbcfZgges ah\gergvh]h k\elm
Ahihfhlhx ahjm ex”bgzZ fh _ hljbfm\zZIbARfhklijh
gvhlh Lhfm gzZ\qgZevgbc fZl_jeZe ihlje[gh ih*Z\ZIb \
nhjfe < aZe_"ghkle \er ApbrZdlbqgh€ f_Ib gZhqggeklv
ydhkle "~ j eZ gh\bo "Zgbo e<exkljZpe€ | _hj_Ibggh]h
jha\bldm fbke_ggy my\b kihggym|zZnab|levglbazp
gZ[mlbo agZgv aZkh[m "ey kZfhklecgh€ icagZ\Zevg
dhgljhex



lgnhjfZpeaghfmgedZpecge |_ogheh]e€ \ hk\ele

KljefdZ egnhjfZlbazZpey mkeo ]JZema_c kmqgZkg
\ijh\Z~" _ggy e*gnhjfZpecgbo |I_ogheh]ec \ mke kn_jb
ex"bgb \ghkylv afegblgvhijhhikhp_ _km Kvh]lh~ge \k_
a\mqgblv "mfdzZ ijh I_ sh gZcdjZs_ kijbcfzZxlvky =«
ex"bghx ~Zge yde ih®"Zge m \eantdZe V\phém " nHidZdbpVv
ko f ~"eZ]ljzf ~bgZfeqgbo fh~_e ¢ Ihsh Lhfm ijbg
0Z\gZggy gZ[m\zZ}lafgklmlhkzf_ qg_j_a Zdlb\g_ \bdhj
| _ogheh]ec \eamZeeaZpe+€ gZ\gZevgbo \epelafditkimc (
ljZdImxlv p_ ihgylly leA \eamZeeaZpe}x agZgv jhamfe

tih[m~h\m \b~bfh]h ah[jZ _ggy ijhp_ke\ y\bs |Z i
g_"hklimige ~ey [_aihkkihKigyh]_ggy > @

talhjlZzggy jhamfh\h]h afeklm \ gZhggbc h[jZa
kijbcgylbf fh _ [mlb jha]lhjgmlbc « kem]m\ZIb hihjl
jhamfh\bo « ijZzdlbggbo ~ec > @

t\bg_k_ggy m ijhp_ke icagZ\Zevgh€ "eyevghkle ca
\ ah\gergieezg fbke_ h[jZa+\ nhjfZ ydbo klboecgh \
f_ozZgeafhf ZkhpeZIb\gh€ ijh_dp+€ > @

>h hkgh\gbo nmgdpec \eamZe+saZp+*€ m gZ\qZgg-
eh]eqgbo hi_jZpec gZ \keo _|1ZiZo gZ\qZevgh€ "ey
\bdhgZgges ZgZe-lbggbokbegt AgqZeitgmgyggy kbkl_fzZlI
ihrmd a\fyade\ « \e~rghr_gv \ gZ\qZevghfm fZl_jeZe-
\_j[Zevgh ih"Zgbo \*~hfhkl_c jha\blhd my\b Zdlb\+a.
egl_j_km 1Z ieagzZ\Zevgh€ ~eyevghkle nhjfm\Zggy &
ijh\h~blbgZeh]«€ Zjlmf_glm\Zlb k\hx ihabpex jh[blb
\bq_jige \bkgh\db

lkgmxqge ijh]jzfge azZzkh[b 1Z kbkl_fb dhfifxl_jgh
\erdjb\Zxlv gh\e fh eb\hkle \eamZesaZp+€ gZ\qZevgh
rdhee > @ KDF ODMKHPDNWELRBK[gZy'"ddcfh eb\eklv
\bdhgm\Zlb jeaghfZgelge ZgZeeslbgge i_j I\hj ggy
jhajZzomgdb Hdjef pvh]lh ijh]jZzfz "~ha\hey} a”eckg
dhjbkIm\Zgges ]ljZneqg_ ij_"klZ\e_ggy gZ\gqZevgh€ ¢
ih[m~h\m “\hb\bfejgbo ]jZnedes\ nmgdp-c

lijb \b\g_gge \_dlhjgh]lh ZgZeesam klm~_glb an
ihgyllyfb kdzZeyjghlh 1Z \_dlhjgh]lh ihee\ “hke
"bn_j _gpeZevge o0ZjZdl_jbklbdb M ijhp_ke hiZg
g_ijhklh]lh fZl_jeZem \bgbdzZxlv i_\ge ijh[e_fb h[mfh
[hdm g_"hklzZlgeieh”reggyf fzl_fZlbgghbf ZiZj:
"bn_j_gpeZevgh]lh 1Z +gl_ljZevgh]lh gbkeleg@dge-kdx g
ljZneqggh]h ih~"Zggy hljbfZgbo j_amevliZle\ |1Z ih*"Zevrl

LZzd jhaley”Zxqgb ihgylly kdZeyjgh]h ihey klm”~_gl|
azZ”ey €0 gZhgeghgih]lhjZh~Zggy \bdhjbklh\mxIlv ih\_jo
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Ih\_jog_x je\gy kdZeyj@hdh ghap\Z}Ivky ]_hf_Iljbgg_ f
lhghd m ydbo nmgdpey ihey ijbcfZz} hrg_ ¢ I_ kzZf_
j*\gy ~Zghlh ihey az”~Z}Ivky je\gyggyf
8[\] & "& FRQVW

Gz "4p dhgklXgjleagbho agZg_gv h”_j"mxlv jeage
j*\gy vyde \bagzZqZxlv kef_ckl\h ih\_johgv je\gy kdZey

>ey ih[m~h\b ih\_johgv je\gy kdZeyjgh]h ihey fh'g
NMgdp*&«RQWRXUBORWLQ [PD[" "\ \PLQ \PD[" ~] ]PL
ydZ kl\hjx} Ijb\bfejgbc dhglmijgd o hjghpd€ afeldybo

ljbdez? lTh[m~Am\ZIb ih\_joge- j*\gy kdZeyjg
8[\V] [ \ ] "ey aZz”~"Zgbo ag4dq_gv *

Jha\fyazZggy Je\gyggy ih\_johgv je\gy kdZe
\bagzZqzZxlvky

[ V] & "& FRQVW

ljb K fz}yfh \ £] al\eMdb\ ] je\gyggy dhgmkZ
\_jrbghx \ 'ihqZldm dhhj*bgZI

ljb K fZ}fh \ =] +je\gyggy h~ghihjh gbggh
]J*i_j[heh€”rZ h[_jlZggy @FZ\dheh \eke

ljb & + fZ}fh[ \ %] + +je\gyggy ~\hihjh gbggh]
]Jei_jlheh€”rZ h[_jlZggy @Z\dheh \eke

<bdhjbklZggy n&RQMWRXUZIRMeYy} e_Jdh ih[m”~m\
]liZnedb \e~ih\e~rgbo ih\_johgv je\gy aZ”~Zgh]h Iljb\bfej
iheyjbk

Jbk 1h\_joge je\gy kdZeyBglhYH iHey\ #]

M \bizrdm iehkdh]h kdZeyjgh]h ihiey_ilhhj)xagwkjy\gy
\ eeg*€ je\gy vyde aZ"Zxlvky je\gyggyf
8[\ & "& FRQVW
Nmgdpe+¥RQWRXIUSORWQ [PD[" "\ \PLQ \PD[ @
dhgimjgbc ])]¥denimgflxs€
ljbdez”® AgZclb e«g+€ je\gy kd@iZkyjlgk}h ihey
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Jhal\fyaZzggy Eege+€ je\gy \bagZgzZxlvky je\gyggyfb
[ £\ & "& FRQVW
ljb & hljbfm}fh ipyfllZ\ 4
ljb &« hljbfm}fh kef_ckl\h Jei_j[he
GZ jbk ij_"klzZ\e_gbc J]jZacedjeegy kdZeyjghlh ihe
hljbfzZgbc aZz "hihfh]h&R@YR*E3ORW

Jbk Kef_ckl\h eegec je\gy kdBelyjgh[[E\ihey

<eamZeeaZpey hkgh\gbo ~bn_j _gpeZevgbo o0zZjzdl
ihey sh \b\gZxlvky \ dmjke \_dlhjgh]lh ZgZeeam ~I
djZs_ mk\erhfblb €0 kmlgeklv 1Z ki_pbneqge hkh[eb
gzZ\_" _fh j_amevlzl aZklhkm\Zggy KDF O0DWd&Kd¥yPDW |
\_dlhjgh]h ihey \e~q}fgh]h liZ~e}glZz gz azZ™Z
1 [\ "HU' jbk

Jbk <_dlhjg_ihe_ \eAq}fgh]h ]jZ~+}glZ gZ azZ"Zg:
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=jZneqg_ ih"Zggy \_dlhjgbo ihee\ \ KDF ODWKHPD
azZ "hihfh]lhx gZklmigbo nmgdp-c
OHFWRUVYORW" ~[ [PLQ [PD[" "\ \PLQ \PD
\_dlhjgbc ]jZned ~\h\bfejgh]h \_dlhjgh]lh ihey NAY[ Y\°
| Z\
GZ jbkij_"klZz\e_gh \_dlhg_; iH&F T& ih[m~h\Zg_ aZz
Ahihfhlhx nm@HFVMRU3ORW
SHFWRUBOW WY\ Y] A [PLQ [PD[" A\ \PLQ \P
]PD[ @ p_ nmgdpey sh “hal\hey} klI\hjx\ZIlb \_dlhj
[jb\bfejgh]lh \_dlhjghlh ihey AY[ Y\ Y[\ VA nmgdpe€ \«
J_amevlzZl azZklhkm\ZggyYHFWRUWPOEK Wih[m~*h\b
lib\bfejgh]lh \_dlhjghl&/ ihetyf& tUS& G ij_~klZ\e_gh gz
jibk

Jbk <_dlhjg_ ihe_ Jbk <_dlhjg_ ihe_
%/ ;L LEF 16 &/ L t1&F tL&F €

M \_dlhjghfm ZgZee<ae+ \_dlhjge ihey ijbcgylh ]jZneq
Ahihfhlhx \_dlhjgbo eegec < _dlhjgZ e<g® \tdlhjgh]f
djb\Z \ dh gec Ihgpe ydh€ "hlbqggZ ki*\iZ"Z} a gZijyft

>bn_j _gpeZevg_ je\gyggy \_dlhjgh®d esgec fZ} \b]e

G| G\ G]
Drvl D[\l DQI\]

la ~"Zgbo “bn_j_gpeZevgbo je\gygv fh'gZ ml\hjbl
e*gecgh g _aZe_ "gbo je\gygv e+gl_]jm\Zggy ydbo ~
kef cklI\ ih\_johgv i_j Ibg ydbo « \bagZqZ} \_dlhjge «
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NmgdpWUHDPYPRW ~[ [PLQ [PD[ "\ \PLQ \PD[
ih[mA"m\ZIb ]jZned \_dlhjgbo eesgec ~\h\bfejgh]h \_
AYIY\' yd nmgdfpleZ \eA

GZ jbkij_"klzZ\e_gbc ]j&inkjgbo eesgec \_dlhjgh]h
&/ ;L:FTPEUFs;& :TFWPEs;& hljbfZge aZ ~hihfh]hx nmg
6WUHDP3ORW

6OLFHOHFWRY[BORWYT] VXUl ~[ [PLQ [PD[ "\
Al ]JPLQ RDB[ @mgdpey sh ~“halhey} kl\hjblb \_dlhj
lib\bfejghlh \_dlhjghlh ihey Y[ Y\ Y] gZ ih\_jog- a

Gz jbk ij_~klz\e_gbc lizZned \_dlhjghlh
&/ ;L UWFTEEME gZ ajesaZo dhhjrbgzZlgbo iehsbg hljb
Ahihfhlhx nmEORFEHIHFWRU3ORW

Jbk <_dlhjge e*g+€ iheyJbk <_dlhjg_ ihe_
€/ ;L:FI“ELF <& &/ ;L LEF16EVEQZ ajeazo
F:ITFLEE<;é dhhj*bgZligbo iehsbg

<eamZeecaZpey gZ\qZevgh€ esgnhjfZzpe€ az ~hihfh]h
“hal\hey} kIm”_glzf djZs_ my\blb h[T}dIb sh
ijhZzgZeesam\Zlb €0 \eZklb\hkle \e~rdjb\Z} fh eb\hkls
hijZpx\Zggy fZl_jeZem 1Z i*"\bsm} _n_dlb\geklv gZ\qZ

Kibkhd \bdhjbklZgbo ~*_j_ e
Dhf_gkdbc ¥_ebdZy "b”Z¥lbdZDhf_gkidil]
Lbih]jZnby : F Dhlhfbgz:9, kt ljbeh  _gb_ d

g

‘mjgZem ©GZrZ GZgZevgZy Rhhez? gz

< _ebdbc lemfzZqgbc keh\gbd kmgZkgh€ mdjzZ€gkyv
ijh_dIim [Z Jheh\ j_~ DL ;ijkecev |_jmig k
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< _j[bpdbc : : :dib\gh_ h[mqg_gb_ \ \ukr_c
Dhgl_dklguc ih~"oh" f_ITh~ ihkh[b_: tk_j[kp#bc
rd + k

OLQVN\ 0 $ )UDPHZRUN IRU 5HSUHVHQWLQ
OLQVN\ ODVVDFKXVHWWY , QVWLWXWHQRH7HFKQF
+ St $UWLILFLDO ,QWHOOLJHQFH OHPR 1R

Deygh\kvdZz G FbdHhd_hh~bgge azZzkz”~b \bdhjbkl
egnhjfZpedghmgedZpecgbo |I_ogheh]ec m gZ\gZgge* \b:
kim~ _gle\ eg” g _jgbo ki_peZevghkl ¢ m Kihemqg_gbo
fhghl]jzney G F Deygh\kvdZz G < JZr_\kvdzZz K H
Iz f_Ih~"bdAljheggh]lh gZ\aDghybc J-] <b”Z\gbgbc \-:
><GA O©Djb\hjeavdbc gZpehgZevgbc mglkhfjkdbt |2
<bimkd ki_p\bimkd ©Fhgh]jZneyk\ "mggZes-?

5HIHUHQ/PH\Q \DIQWAHD® VOLWHUDWH G
.RPHQVNLL ,D $ G®BOWNKIN®DFWOLIFDED
,D$ .RPHQWMBE 7LSRJUDILLD $ 0+.RWRPNQD
BULOR]JKHQLH N ]JKXUQDOX ©1DVKD 1D®KD ®RDQ D
9HO\N\L WOXPDFKQ\L VORYQ\N VXFKDVQRL
H[SODQ®WFRURQDU\ RI PRGHUQ 8NUDLQLDQ ODQ.
KRORY UHG # 7 %WSYBO 3HUXQV ,Q S8NUDLQLDC
9HUELFNLM $ $ $NWLYQRH REXFKHQLH Y Y
SRGKRG PHWRG SRVRE KLIKHWL ¥i6 XFDDWLRIQQ J.
DSSURDFK@ OHUELRNVK $VKM V ,Q 5XVVLDQ
OLQVN\ 0 $ )UDPHZRUN IRU 5HSUHVHQWLQ
OLQVN\ ODVVDFKXVHWWYV ,QVWLWXWHKRH7HFKQTF
+ S+ $UWLILFLDO ,QWHOOLJHQFH OHPR 1R
.LLDQRYVND 1 0 7KH WKHRUHWLFDO DQG PF
Rl LQIRUPDWLRQ DQG FRPPXQLFDWLRQ WHFKQ
VWXGHQWY LQ XQLYHUVLWLHV RI WKH 8QLWHG 6
1 9 5DVKHYVND 6 $ 6HPHULNRY ORPHBUQDCQ

LU\Y\L 5LK 9\GDYQ\FK\L YLGGLO '91= ©.U\Y
XQLYHUV\WHWRO +1R 6SHFLDO LVVXH ©O0RC
MRXU@DOS ILJ ,Q 8NUDLQLDQ

SHFHLYHG ODUFK LQODH Y LVH G FIRUPW H

0D\
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<bdhjbklIZGgghR*HEUD
m ijhp_ke gZ\gZggy | _fb ©lhoe*rgZ IZ €€ aZklhkr

1jbgZ K_j]*€\gZ Hej Z :gZlhe<€\gZ 1\Zgh\Z
Dzn_"jz fZ1_fzZlbdb 1Z f_Ilh~"bdb €€ gZ\qgZggy

Djb\hjeavdbc ~_j Z\gbc i_~Z]h]legqgbc mge\_jkb
ij =2]1ZjegZ Djbf\bc Je] Mdjz€gz
GHUHJUBRQPDERPDL #JPDERP

:ghlZpe¥ Ihx ~hkee"" }gdyfhgkljzZzpey fh eb\hkl_c
"hpeevghkle \bdhjBHIRYHEYD ~hkee”"_gge cnnigdp-
ih[m~h\b €0 ]jZnede\ m jZfdZo \b\q_ggy | _fb ©lho+*gZ
m deZkZo a ih]Jeb[e_gbf \b\qg_ga¥fZgIZfilz ohdde 42" gg)
\b\g_ggy 1Z ZgZe+sa fh eb\hkl_c¢c *HR*HEUD \b”"ee_g
| _fb ©lhoe?rgZ 1Z €€ aZklhkmABpegg¥ghdz} y\bhdjbklZg
*HR*HEMDI}dlhfhkee”" dggihjhp_k \bdhjbklZggy 1DL
ih]Jeb[e_ghfm \b\g_gge fZI_fZlbdb maqagylijb Wl Ajxrh€ rdt
"hkee”" _BagbdhjbklIZR HBEUPZ\qZevgec "eyevghkle m
gZk \b\q_ggy | _fb ©lhoktgEm\Z gy rhZ2b “hke*”" ggy
ZgZe*a maZlZevg_ggy kbkl_fzZlbazZpey gZmdh\bo im
NZgbo kihkl_j_"_ggy aZ gz\qZevgbf ijhp_khf M jh]
_1Zib \b\gq_ggy | _fb ©lhoe*"gZ 1Z €€ aZklhkm\Zggy?
\bdhjbklIh\m\ZMHEHR GZ\_~_gh ijbdezZ” \bdhjbklZgg
Ah ~“hkee”"_ggy ¢ ih[m~h\b ]jZn-adZeniddike=€  _ggy
ieZgm}lvky maZzZ]lZevgblb m f_Ih*"bggbo j_dhf_g*"Zp:
ijZdlbdzgle\ \gbl_e*\ fZl_fZlbdb sh"hHRrdHBpHOZggy
gZ\gZgges mqge\ |I_fb ©lhoe"gZ IZ €€ aZklhkm\Zggy? c
<bkgh\d&bj_dhf_g*"ZWREHEXDrbjhde "b~rZdlbgge fh eb\l
"ey \bdhjbklZggy ijb ihlJeb[e_ghfm \b\q_gge fZl _fZlbgc

Dexgh\s keAXL m gZ\qZgge fZl_fZlbdb dqhbabfe_g
fZl_fzZlbdb ihoe*"gZ "hkee™*HRYyHEUp.€

,6 'HUHID $ ,YDORN®J RI *HR*HEUD GXULQJ C
WKHPH ©7KH GHULYDWLYH DQG LWV DSSOLFDWLI

$EVWUDKRHV DRIP WKLVLY WKRG\GHPRQVWUDWH RS
IHDVLEL®VYWQHVYHRI*HEUD ZKLFK FDQ EH XVHG LQ
DQG FRQVWUXFWLQJ WKHLU JUDSKV LQ WKH VW>
DSSOLFDWLRQV?2 LGH BWEKVWW X GALRIKPIDAR E NP BFWL ¥’
UHVHDURXXG\LQJ DQG DQDO\]LQJ FDSDELOLWLHV
WKH VWDJHV RI WKH VWXG\ RI WKH WKHPH ©7KH
ZKLFK LW LV H[SHGLHDKH VRE NN FW BRR AWHERY 3/ WRFGH
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XVLQJ ,&7GIRSIWKQVWRB\KRPDWLFV E\ KLJKKNFKR
VXEMHFW RUVUWYHDXMWIKQJ *HR*HEUD LQ WKH OHD
VWXGHQWYV GXULQJ WKH VWXG\ Rl WKH WRSLF «
OHWKRGV RI OINVOIDAUNK JHQHUDPLWR\RQRRI VFULW
SXEOLFDWLRQV DQG HPSLULFDO GDWD REVHUYD
UHVHDUFK DUH VHW RXW WKH VWDJHV Rl VWXG\
DSSOLFDWLRQV2 RQ ZKLFK LW LV H[SHGLHQW W]
*HR*HEUD WR H[SORULQJ D®GJBRQK WV XIAWWEDIWK
RI WKHDWWXSADQQHG WR EH JHQHUDOL]HG WR Pl
VWXGHQWY DQG PDWKHPDWLFV WHDFKHUV RQ W
VFKRRO VWXWHERN OMKMWIHULYDWLYH DQG LWV
GHSWK &ORQFHIDXVLRQV DQG UHMRRAEHQ GOML RIQW |
GLGDFWLF FDSDELO IGMISHWK | R W X&\HRD VP DMVKKIH PQ W

H\ZRUG&7 LQ PDWKHPDW GF\S O K DUNX@\LR K ® D W
GHULYDWLYH VWWYHR*REUDQFWLRQ

$IILOLDWISPQYWPHQW RI PDWKHPDWQHDUQRQGJ
PDWKHPDWAYRY 5LK 6WDWH 3HGDJRJLFDO 8QLYH
LU\Y\L 5LK SNUDLQH

(PDLO GHUH]D LUL®DRD#JP B LBHAOP

GZ kvh]lh~gergec ~_gv \ijh\Z”~"_ggy kmgZkgbo
dhfmgedZpecgbo | _ogheh]ec 1DL m hk\elgec ijhp_|
i*"\bs_ggy ch]l]h _n_dlb\ghkle Hkh[eb\h ZdImZevc¢
\ijh\Zz~" _ggy 1DL gZ mjhdzZo fzl_fzZlbdb \ klZjrbo de
deZkZo a ih]Jeb[e_gbf €€ \b\q_ggyf AZ ~hihfh]lhx 1Dl
\b\g_ggy 1Zdbo I_f yd ih[m”h\Z JjZned+\ nmgdpec jh
je\gygv * g_je\ghkl_c¢c agZoh”~"_ggy iehs nelmj h[f_
nmgdpec ih[m~h\Z i_j jeas\ ]_hf Hkkeqglmy IRET}He\glece
h[_jlZzggy Ihsh <bdhjbklZzggy 1DL kijby} Zdlb\eaZ
iragZ\Zevgh€ ~"eyevghkle mqgge\ ie"\bsm} gZhqgg-l
gZ\qZevgh]lh fZl_jeZem ihkbex} fhlb\Zpex 1Z <gl_j
fzl_fZlbdb Ilhsh > @

H~rgbf e<a azZkh[e\ 1DL g9gZ\gZggy fzZl_fZlbdb j._
gZ\qZevghx ijh]ljzfhx a fzZl_fZlbdb ~egzZheg\gdZdezZ"-
azZlZevgh€ Kk_j ~gvh€ hk\elb "ey deZke\ a ihleb]
fzl_fZlbdb } kbkl_fZ ~"bgzfeqgh€ fZl_fZlbdb *HR*HE
fh eb\hkle ijh]jZfb 1Z ihim™jdANdZ dhjbkim\Zqges\ *HR*|
gzZ~Zxlv fh eb\eklv _n_dlb\gh €€ \bdhjbklh\m\ZIb
i_j \Zgh€ [eevrhkle |_f rdeevgh]h dmjkm fzZI_fZIbdb
sh ijh]jzfz fZ} rbjhdbc gZ[*j *gkljmf_gle\ Meygddbhj_ g
dhfifxl_jgbo fh~r_e_c¢ fzZl_fZlbggbo h[f}dIs\ sh gz~
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\bdhjbklh\m\zZIb €€ g_ leevdb ey jha\fyam\zZggy fZI
"ey hjlZgeaZp+€ _\jbklbggh]lh gZ\qZggy nhjfm\Zggy
"hkeergbpvdh€ ~eyevghkle jhalgpHHIm cl\tmjogpded akMahj_g
"bgZfeqgbo gZhggbo ihke[gbde\ I[hsh > Kk @

MjZoh\mxqgb \bs _ kdzazg_ \[ZgqZ}fh az
\bdhjbklh\m\zlb *HR*HEUD i~ qZk gZ\qZggy |_fb
aZklhkm\zZggy? gZ ihlJeb[e_ghfm je\ge \b\q_ggy fZIl_fZ

M\z Z}fh sHeg¥c “hpeevgbf [m”_ \bdhjbklZggy *H
IZdbo _1ZiZo \b\q_ggy | _fb ©lhoe"gZ |Z €€ aZklhkm\:

Ajha\fyam\zZggy azZ”~Zqe sh ijb\h~blv ~h ihgylly
dmlh\bc dh_nepe}gl “hilbggh€ \bdhjbklZlb ~“bgzZfeqgb
AN ydh€ nmgdp+€_bh€jhh yvh]l]h “hlbggh€ iheh _ggy
afegx\Zlb

Aagzoh~™ _ggy ihoe~gh€ nmgdp-€ mqgge fh'n
kZzfhi_j \ejdm ihje\gxxqgb k\h€ j_ameviZlb a j_amevlz

AagZoh”~ _ggy je\gyggy ~hlbggh€ ~h ]jZnedZ r
ZgZe-lbggh]h agpddoh\Ngyggy \ ke *HR*HEUD ih[m~
nmgdpex ¢ ijyfm je\gyggy ydh€ h”_j"Zeb aZ jbkmgt
Neckgh agZc”_gZ ijyfZz } “hlbgghx

Arhkee”> ggy nmgdpe+€ gZ fhghlhggeklv 1Z _dklj_fi
Ilhgdb i_j_]lbgm ieskey ~“hkeerazgghhihfinddpe£hoergh€
ahrble g _h[oe*gh ih[m*m\ZIlb €€ ]jZned \ *HR*HEUD |
k\h€o \bkgh\de\

Aih\g_ ~hkee<”"_ggy nmgdp+€ azZ ko_fhx 1Z ih[m:
kzZfhi_j \ejdm \bdhgZggy aZ\~"Zggy mqge fh ' mlv \bdh
ih[m~h\bnlj&Z nmgdp+€ \ *HR*HEUD

Aazklhkm\zZggy ihos”"gh€ ~h jha\fyam\Zggy azZ”"
ijbdez~gh]lh afeklm "hkee”" _ggy \e"ih\ergh€ fh~
*HR*HEUD

Jhaleyg_fh ijbdezZz”b az~Zq a |_fb ©lhoe*"gZ 1Z €€
AN _fhgkljmxIiv \bdhjb KR &dyD

AZ~"ZgqZAgZclb ~hlbggm "LIJ]L@EnTgEdSme azZ”"Zgec lhqp
F@ugA
lhoergZ nmgdp-aﬁz$%§A|hA-Ah|bqu nmgdp-€ \ a

€>9

lhqpe fZ} je\gylggy

| _j_\ejblb ijZ\bevgeklv hljbfZgh]h jhaYHROHE dRkh
fh'gZ gZklmigbf gbghf az ~“hihfh]l]hx dhfZd2b ®DZk Z|I
+Z[kpbkz az”r"zZghH€ IlbhAHZ nmgdpey ydZ agZc”™_ -
"hlbggm Z[h \\e\rb je\gyggy ~Zgh€ nmgdpe<€ 1Z ag.
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"hkee~b\rb deevdeklv €0 kieevgbo Ihghd

Jbk Thimn~*h\Z “hlbggh€ "h ]jZnedZ nmgdp-€

GZ jbkmgdm fb kdhjbklZebkv ~\hfzZ aZijhihgh\Z¢
i_j_\ejdb ~hlbggZ ydZ [meZ \bagZq_gZ ZgZe-+slbggh
ijhljzfhx kis\iZeb sh k\e~rgblv ijh ijZ\bevgeklv
>hpeevgeklv *ZghHmfhhémgz gzkzfi_j_" Ibf sh gzZ i_
\bljzqz}lvky g_\_ebdZ deevdeklv qgqZkm sh ijbkd
\bdhgZggy az”~Zqe 1Z i**\bsm} \i_\g_geklv mqgy m \
/\.yo

AZ~"ZqZ>hke<"blb nmgeﬁg~x|z ih[m2"m\ZIlb €€ ]jZn-d

>hke-"b\rrtngdp X ZgZee<slbggh \ ahrblZo azZz ko_fhx
hr j°ZIb j_ameviZlb

HleZklv \bagZq_gg&:Brhgldq =€

Nmgdpey g_ } iZjghx g_ } g_iZjghx 1Z } g_i_jeh"

Nmgdpey i_j_IbgZ} hksFsalhagdare;

Nmgdpey fZ}\ hiththZzevgm ZkbLithlilzn h~*gm ihobem
Zkbfilhim]

Nmgdpey ajhklZ} gZ dh ghfmFaakpl?fZ shek ;
kiz~"Z} gZ ijhfssbZ,dZ:t an@

Lhgdb _dklj_fmfm « agZq_ggy nmgdpe+<€ \ lThqdZo

Taoel FS@lypsl WAl asl rdlgsl sta

l[jhfe dhimdehkle nmgdpe«€ hlmdeZ “h Ahjb gZ ijk
himdeZ ~h gbam gZ ijhFmgdd i_j ]bgm nmgdpey g_ fZ

Ajhamfeeh sh m |Zde-c d-evdhkl- jhajZomgde\ mqg-
Ze_ aZ "“hihfhHR¥HEpRFD ihfbedb EZh g~ rkeer*dm\Zlb I.
\bijZz\blb JzZahf a Ibf mgge gZ\gzZxlvky ihje\gx\Zlb
maZ]Zevgx\Zlb djblbggh fbkeblb Ih[m~ m}fhUbhmgdp-

€25 |Z \bdhgZ}fh €€ "hke+""_ggy
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Jbk >hkee”” _ggy nmgdpe+€ \ *HR*HEUD

GZ |jbk ihfm~r"j¥Zhgd nmgdpe+€ 1Z agZc”_ge Zi
\bagZq_gh az ~hihfh]hx dhfzg”® ®&hqg &NV dkIjbFm f
Nlxrhkeer" m\ZgZ nmgdpey \e”ih\ergh Ihqdb i _j ]bgl

:gZecsamxgb \eZklb\hkle nmgdp+€ aZ jbkmgdhf fh gz
sh nmgdpkge™h_gZ \¢jgh

HI"_ ijb gZ\qZgge* mqge\|_fb ©lho+*"gZ 1Z €€ aZkl
a ihleb[e_gbf \b\gq_ggyf fZl _fZlbdb ~hpeevgh \bc
*HR*HEUD ydZ fZ} rbjhde ~b”~Zdlbgge fh eb\hkle
\*hkdhgzZeblb 1jZ"bpecge f_Ih~*b + nEjdbb\gazm§Zidgy
isagZ\Zevgbc *gl _j_k mqge\ “h \b\qg_ggy fZIl_fZlbdb

Kibkhd \bdhjbklZgbo " _j_ e
L iebpvdbc 1 H Jhal\blhd icagZ\Zevgh€ &@dlb\gl
dezZzke\ m ijhp_ke gZ\gZggy Ze]_[jb <+ ihgzlde\ Z
dhfifxl_jgh hje}glh\Zgbo kbgyyf gZeey L _iebpvdbc
<e0jh\Z K_j]ec K_f_jedh\ +tJergZcrdhKZ
Deygh\kvdz G F U_hh boggr azZzkz~b \bdhjbkl
egnhjfZpedghmgedZpecgbo |I_ogheh]ec m gZ\gZgge* \b:
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Kim~_gle\ eg” _g_jgbghkil peZe\WKihemqg_gbo RIZIZo :f_
fhghljzney G F Deygh\kvdZz G < JZr_\kvdZ K H
1z f_Ih~"bdZ _e_dljhggh]k DgBb\gZ gy <b~Z\gbgbc \«
><GA ©Djb\hjeavdbc gZpehgZevgbc nmglhfjkDpt |2
<bimkd ki_p\bimkd ©Fhgh]jZney4 mlgZe<€

5HIHUHQFHV WUDQVODWHG DQG WUDQ\
7HSO\WVN\L , 2 5R]Y\WRN SL]QDYDONXRL D
NODVLY X SURWVHVL QDYFKDQQLD DOKHEU\
NRPSLXWHUQR RW\WIVHIQAV RDYGKDKQ QLD >'HYHORS
DFWLYLW\ RI VROXBHHYVLQ WHDFKLQJ DOJHEUD I
Rl FRPRUWHQWHG WHDFKLQJ VI\VWHPV@ ,OOLL
BHUKLL 6HPHULNRY+* 5EGQRE6VKNROD
.LLDQRYVND 1 0 7KH WKHRUHWLFDO DQG PF
Rl LQIRUPDWLRQ DQG FRPPXQLFDWLRQ WHFKQ
VWXGHQWY LQ XQLYHUVLWLHV RI WKH 8QLWHG 6
1 9 5DVKHYVND ®RY$ 6HKRHRIULNDQG PHHIDVKERIGM R

LU\Y\L 5LK 9\GDYQ\FK\L YLGGLO '91= ©.U\Y
XQLYHUV\WHIWRO +1R 6SHFLDO LVVXH ©O0RC
MRXU@DOS ILJ ,Q 8NUDLQLDQ

SHFHLYHG $SUL®HG IRWP UHY$SULO $

$SULO
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Djz€gb /\jhi_ckvdh]h Khxam gZ mjhdZo sgnhjfzZl

Hev]Z :gZlhe+s€\gZ Fmdhk}}gdh
DhfmgZevgbc aZzdezZ” ©FZjemihevkvdZ aZ]Zevght
111K mi_ge\ <FZjemihevkvdh€ fekvdh€ jZ*b >hg_pvdl|
PXNRYV HEQ@WR W

:ghlZpePeees “hkeer ijggy fhgkljm\zZIlb Z\lIhjkvdbc *
j_ZeeaZpe€ *~ _c }\jhegl ]jZp+€ gZ mjhdZo <gnhjfZlbc
rdhee ijh~_fhgkljm\ZIb \bdhjbklZggy Z\lhjkvdh€ rdZ
€Zd2 \ gzZ\qZevghfmAZjgp tiee""_gdhPagZgblb I_fb
rdeevgh]l]h dmjkm egnhjfZlbdb i+~ gZk \b\g_ggy ydbo
azZ"Zqge a }\jhegl_]jZpecgbf afeklhf \bagzZgblb ijh]jzf
aZ “hihfhlhx ydh]h fh gz jha\fyazlb I1Zde aZz*Zqg+ >h
aZklhkm\Zgogb rgZzkm @&JbB{HZ m gzZ\qZevghfm ijhp_
\bagZqgblb ijh]ljzfg_azZ[_ai_q_ggyH[&ydE€ikpm™h\bgy
gZ\gZggy *gnhjfZlbpe degled\ aZ]Zevghhklpldéolrdee
"hkee”" _g9ydhjbklZggy aZ”Zq a }\jhegl _]jZpecghbf afel
gnhjfZlibdb \bdhjbklZggy fh”_e ¢ \eamZeecaZp-+€
gZ\gZevgh€ egnhjfZp+s€ gZ mjhdZo sgnhjfZlbdb \bdhj
aZkh[s\ m gZ\gqZgge* mqgge\ aZlZevghhk\eRelhMaee o
"hkee”" gd@yhj Ibggbc ZgZe-ai ikbpheph€Zlemijb
NeZlghklbggbc ZgZeesa j_ameviZle\ JeyoawvghlZbb m
"hkee”r"_gggZ hkgh\le ZgZeeami_ikbjdhetyhm€ eel_jZIm
\bagZq_gh "hpeevgeklv \bdhjbklZggy az”~Zq a }\jhegl
gZ mjhdZo gnhjfvdpde ge ijh]ppAlgh[b az ~hihfh]hx yc
jha\fyamxlvky |ZdeijhzgZogeeah\Zgh ijh]jZfb 1Z i*~jmq
egnhjfZlbdb ey madyeXke\ aZ]Zevghhk\eNdpeogZd-eagh
"hpeevgeklv \bdhjbklZggy rdZe® ZgZkm @ZIbfZevgh
ijhp_ke\bagZqg_gh fph]jZZ[_ai_q_ggy "ey €€i&ghigr h\lL
\bkgh\db « j_dhf_gAbph§bklZggy az~Zq a }\jhegl_]j
afeklhf ijbs_iex} mqgyf <gl_j k ~h djZz€g yde \oh”
/\jhi_ckvdh]h khxam agZchfblv a <klhje}x klI\hj_gagy
Khxam ~_ fholgoghikle /\jhi_ckvdh]h Khxam kijby} mk'
\Z eb\hkle \kImim Mdjz€gb ~h /\jhi_cRkwnghel g xham
aZklhkm\zZggy rdZeb &Zdh @JIbiX¥XgZevghfm ijhp_ke

Dexqgh\s kehN\Zhi_ckvdbc Khxa }\jhegl_J]jZpey -<gn
azZlZevghhk\shgy rdzjlz agzgv fh"_ev Oklbkg_ggy?
egnhjfZpe€ ijh]jzZzfg_ aZ[_ai_q_ggy &dZkZ qZkm ©Jb
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2 $ OXNRVHHQNR (XURSHD Q8 IRPS ¥R KQ VWOUHLM
$EVWUDHWHDUF KWRBBWPRQVWUDWH WKH DXW
LPSOHPHQWLQJ WKH (XURSHDQ LQWHJUDWLRQ |
VHFRQGDU\ VFKRRO GHPRQVWUDWLQWLPWRHQBH
S3RUFXSLQHILVK  LQ W K B HYVGHORUIFW LAREIRDHDIS SRICRAFLY
LQIRUPDWLFV VFKRRO VXEMHFW WRSLFV ZKLFK
WDVNV ZLWK (XURSHDQ LQWHJUDWLRQ FRQWHQV
FRQYHQLHQW IRU VXFK SUREOHPV VROYLQJ 7
SRVVLELOLWWIRREBROIXSLQHILVK LQ WKH OH
GHWHUPLQLQJ WKH VRIWZDUH IRAREMMFK \WRLRMH VH
FRPSXWHU VFLHQFH WHDFKLQJ WR MNHFRENHFW
RI UHVEKVUBK WDVNV ZLWK (XURSNMDQQ QMKHIBRFK
VFLHQFH OHVVRQV XVH Rl HGXFDWLRQDO |
SFRPSUHVVLRQ PRGHOV LQ WKH FRPSXWHU VFLI
IRU WHDFKLQJ WKH LQIRUPDWLFV WR JHQHUDO
SHVHDUFK RHWKKRGRWKWLFDO DQDO\VLV RI SV\FI
VRXUFHV GLDJQRVWLF DQDOBNYXRW\SRSLVOKN 8
RQ WKH EDVLV RI SVIFKRORJLFDO DQG GLGDFW
RI XVLQJ SUREOHPV HHIWDIWORURERQ W HQW DW WK
KDV EHHQ GHWRUNMPZDWIE WRROV DSSOLFDEOH WR
GHWHUPLVQKHS SURJUDPV DQG WH[WERRNV RQ L
VFKRROV SXSIRQAWWRIKDYH EHH®QYKH B [BHEE K@Y LQJ
WLPHORQHAXSLQHILVK  LQ WKH HGXFDWLRQDO SL
VWDWWMIEH VRIWZDUH FRQYHQLHQW IR KKV CFLRD \
FRQFOXVLRQV DQG UHX¥WRIP@HQG HEXFEPWLRQDO S
ZLWK (XJRLWMWRY FRQWHQW LQVWLOOV WKH SX
IDPLOLDUL]LQJ WKHP ZLWK WKH (XURSHDQ 8Ql
GHPRQVWUDWLQJ WKH (8 YDOXHV DQG SURPRW!
S8NUDLQHYV DFFHVVLRQ WR WIXGY VUDRESIMHD RS QX [V
33RUFXSLQHILVK  LQ WKH HGXFDWLRQDO SURFHYV
H\ZRUGRRPSXWHUOVWRSOFE LQWHJUDWLRQ (
PLQG PDS PRGHO RI WHDFKLQJ LQIRUPDWLRQ
VHFRQGDU\ FRPSUHKHQVLYH VFKRRC\L QHRLWED U
$IILOLDOMXIQRELSDO LQVWLWXWLRQ 320DULXNSRO
OHYHOV RI ODULXSRO FLW\ FRXQFLO RI 'RQHYV
$ ODULXSRO SNUDLQH
( PDLRXNRVHHQNR#XNU QHW

ljehjbl_Ihf ah\gergvh€b iteylbMdjZz€gb } <gl_]jZp-
\jhi_ckvdh]h Khxam ©Kbf\hehf ~“hees ¢ ijZ]g_gv® gz
ZkhpeZpex fe° MdjZ€ghx 1Z /\jhi_ckvdbf Khxahf [j_a
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| _ljh IThjhr_gdh > @

ljZ]lg_ggy MdjzZz€gb klZlb gqZklbghx /\jhi_ckvdh]h K
afegb \ hikteflim ijhp_ke A f Ihx hagZchfe_ggy mqgge\ a
Khxahf chlh pegghklyfb eklhje}x KklI\hj_ggy \ aZ
gZ\qZevgbo azdez”~Zo ijh\h~ylv jeaghfZgelge aZoh’
mqgge\kvde ~ [ZIb dhgn_j _gp*€ Imjgejb dhgdmjkb
kbgge\hd im[eeqge aZobklb ijh_ald)Zzewgdhhk\elgeo rd
/\jhi_ckvdbc Khxa \b\qZxlv gZ mjhdZo e<klhje€ 1Z ]_
©/\jhegl_JjZpreyo "~h djzZsh]lh fzZc[mlgvh]h2& ©=jhfz
hk\elz2 a \ j_kgy jhdm ljhl_ ie”ogZigrbm\g_c
ij_~f_Ie\ /\jhi_ckvdbc Khxa g_ jhalJey~Z}Ivky

>ey ih]eb[e_ggy agzZgv mqgge\ ijh /\jhi_ckvdb
azZpedzZ\e _ggy rdheyje\ djZ€gZfb sh \oh”ylv ~h ch
jhajh[b\ az~Zqge a sgnhjfZlbdb a }\jhegl_J]jZpecghbf afe
€0 m gZdhZevijhp khfmgZevgh]h azZdezZ"m O©OFZjenm
azZlZevghhk\elgylddlh&¥ml geVFZjemihevkvdh€ fekvdh€
>hg_pvdh€ h[eZkl|e?

AZN"ZqXI\hjelv ojhgheh]ex jharbj_ggy /\jhi_ckvdh]t
\b]Jey”e rdZeb qZEMZ@3bjzZk

Jbk RdZezkm ©g&bza?a

AZ"ZqZAZ "~hihfhl]hx _e_dljhggbo dzjl a”eckgelv
ihAhjh™ klhebpyfb djz€g /\jhi_ckvdh]h Khxam

AZ"ZgZ Kl\hjelv [mde_| ©Djz€gzZ /\jhi_ckvdh]h I
gZklmighx ko_fhx
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Klhj
<_ebde feklZz |ljea\bseffy Z\IhjZGZa\Z djzZz€ghb
Nhlh]jZne€ \_gpdde_Im Nhlh]jZney fek|lZ
fekl DeZk RdheZz djZ€ghb
Klhj
= _j[ djZz€gb |Klhebpy :~MfegekljZlb\gbc ihnhee
ljZzihj djZz€ghGZk_e_ggy|NhjfZ ijZ\e+sggy
lehsZz Ee” j djZ€ghb
Fh\z Nhlh]jZney e~ _jZ djZEgb
J_e«].y
DZjlz djZz€ghb

AZ"r"ZqZ AZ ~Zgbfb _e_dljhggh€ I|Z[ebme _@DjZ€
\jhi_ckvdh]h Khxam?2 jbk h[gbkeelv iehsm
/\jhi_ckvdh]h Khxam agZc”elv djzZz€gb a gZc[eevrh>
iehs _x agZc”elv djZz€gb a gZc[eevrbf |Z gZcf _grb
h[gbkeelv ImklhlmggyZ&jZ€g kdeZ”elv |Z[ebpx ©O]
jharbj_ggy /\jhi_ckvdh]l]h Khxam?& h[gbkeelv deevdse
j_kim[eed h[gbkeelv deevdeklv ij_ab”_gle\ dhjhee\
I_jph]e\

Jbk ?e_dljhggZ 1Z[ebpyr®DjgEgbjhi_ckvdh]h Khxam

AZzZqZ Kl\hjelv ij_a_glZpex ©lh~hjh" klhebpyfk
/\jhi_ckvdh]h Khxam?& gZ dh ghfm keZc”s ydh€ jhaf
klhebpv djZz€g vyde \oh”ylv "h kdeZ”m /\jhi_ckvdh]h
kezch jbk]ei_jihkbeZggy "ey i_j_oh”m "h =egrb
ij_aglZpe€ >h~"Zcl_ gZ RKReiZgitokbeZggy “ey ih\_jg_g¢
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kezc”

Jbk 1 _jrbc keZc”™ ij_a_qglZp+*€ ©DjZ€gb /\jhi_ckvdh

AZr"ZqgZlh[m”~mcl_ dZjlm agZgv ©OZjley ijZ\ [/\jF
Khxam?2

AZNZqZKI\hjelv [Zam ~Zgbo ©DjZ€gh KhxiamRvdh]
iheyfb ©Djz€gz2 ©>ZIZ \klmim \ /K& ©=_j[2 ©IljZih]
©Klhebpy2 ©OFh\z2 ©%eh@@GZldfe_ggy® O©ONhIjfZ ijzZ\e
©E+”~_j djZz€gb?® ©1ffy ijea\bs_ e« _jzZz2& O©ONhIh]jZn-
nhjfm ©DjzZz€gb /\jhi_ckvdh]JA\Khxagw *"£2gbo al]e*gh a
jbk

>eyaZ"Zq- ©0jhgheh]ey jharbj_ggy /\jhi_ckvdh]h
\bdhjbklZzgz Z\lhjkvdZ rdZeZ Adkmad®JIbkgh\m ydhe€
ijbgbggzkeerdh\zZ "eZ]jzZfZ ©IJb[Tygh€ dekldb? >ey j
"hpeevghbkldhnb j_~Zdlhj {&d) D |

RdZeZ qZkm€©2djZ rdZeZ qZkm qZkh\Z \ekv ydh#¢
jb[b dh gz ~Z1Z ydh€ } p_gljhf ~ey ]Jeehd a ih*eyfb |

>ey i*"]hlh\db azZ2\Zlyj \bdhjbklZ\ <edei_"ex

>ey i*~]hlh\db az”~zZq- ZIMhjawdhgimk ©DjzZz€gb k\
jhalevgm\ ie*jmqggbdm a sgnhjfZlbdb "ey @eZkm >

LZdbf gbghf ~ey dh gh€ |_fb rdeevgh]lh dmjkm e<gr
kdeZklb az~Zqe a }\jhegl ]jZpecgbf afeklhf :\lhj m\.
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\b\g_ggy egrbo ij_~f_Fke\lZHdhg kdeZklb az\~"Zggy ijh
/\jhi_ckvdh]h Khxam ihagZchfblb a <klhje}x dmevIm
pbo djz€g ih~eyfb sh ijba\_eb ~h kl\hj_ggy /\jhi_ck
ijh~_fhgkljm\zZlb g_h[oe*geklv \kilmim MdjZ€gb ~h
Khxam

Jbk NhjfZoDjz€gb /\jhi_ckvdh]h Khxama

Kibkhd \bdhjbklZgbo ~*_j_ e
Kbf\hethee ijZ]g_gvibkimij_ab”_ gMdjZ€gbljz
lhjhr_gdZZp _j_fhge%ibkZggyh ibh ZkhpezfpsMdjZ€ghx
1Z/I\jhi_ckvdibhxahf <eqt_  +<  +K

lgnhjfzlbdz deZk i*"imqggbd "ey aZ]Ze
gZ\gZevgh]lh azZzdezZ"m je\_gv klzg*Zjlm C Y Jb\
E: Q_jgedh\Z < RZdhlvdh aZz aZlZevghx i_n
F AAlmjh\kvddDh =_g_azt k

5HIHUHQFHYV GWWIEQWODWWOLWHUDWHG

6\PYRO GROL7IKBUDRBDRQ Rl GHVWI@\ B QGNES
3UH]\GHQWD 8NUDLQ\ 3HWUD 3RURVKHQND QD W
DVRWVLDWVLLX PL]K 8NUDLQRLX WD +=<HYUWRSHL\
1R +6 ,Q 8NUDLQLDQ

,QIRUPDW\ND ,QIRNG®DWLFV@ *UDSAK UXFKQ\N
]JDKDOQRRVYLWQRKR QDYFKDOQRKR ]DNODGX U
7, \WVHQNR / $ &KHUQLNRYD 9 9 6KDNRWNR
0 = =JKXUR%YVNRHKA@H]D = V,BNUDLQLDQ

SHFHLYHG $SULO LQ UHYLVHG IRUP
$SULO
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Ihje\gyevgbc ZgZe+a k_j_"h\bs ijh]jzfm\zZggy fh\hx

<e|lZeec FbdheZch\bqg/\ZagrprggZlheech\bq' Hf e qd
gZklZkegkbees\gZ Dh\lImg
DZn_"jZ ijhn_kecgh€ hk\elb 1Z dhfifxl_jgbo | _ogheh
gZpehgZevgbc i_~Z]h]leqgbc mge\_jkbl | «f g He dl
\me DbBhtkdh\kvdZ =enfoe\ Mdjz€gZ
X #XNU QHWKHQ #JPDDQ FRW D V. ODFRIP D

:ghlZpey_lhx "hkee"" } dmyZe+a kbkl_fgbo \bfh] k_j_
ijhljzfm\zZggy fhihx AWXKAQY "“hke<"jhgg¥weeam\Zlb
kbkl_fge \bfh]b 1Z nmgdpehgZevge fh eb\hkle k_j_~h\l
fhtlhx 3\WKRQ \bagzZgblb Ie k_j_~h\bsywd«ijhhgzfeMgy
\bdhjbklIh\m\ZIb m gzZz\qZewyHifdIHhphke+~} ipop k
gZ\qZggy hkgh\zf ijh]ljZzfm\Zggy m azZ]d¢vyfhhkielgec
"hkee "  _PowjzZdl_jbklbdb k_j_"~h\bs ijh]jZzfm\Zggy fh)
J_amevlZlb "hkedeZgaylvky\Anjhib m gzZ\qZevgbc ijh
\bsbo i_~Z]h]Jeqgbo aZdezZ”+\ hk\elb "ey gZ\qZggy |
ijh]ljZzfm\Zggy fh\hx 3\WKRQ gZ\gZggy €o f_Ih”"bp:
k_j_"~h\bs_f ijh]jzfm\Zggy fh\hx 3\WKRQ k_j_"g
azZdezZn"e\ f_ITh~bdzZ nhjfm\Zghlghhlbmfegv kK_j_"h\bse
ijh]jzfm\Zggy fhihx 3\WKRQ

Dexqgh\e kehjlMz]jZzfm\Zzggy fh\Z ijh]jzfm\Zggy k_j.
ijhljZfm\Zggy 3\WKRQ

90 %D]XULH$ 2PHOHEKN®R .RYWX@RPSDUDWLY|
DQDO\VLV RI GHYHORSPHQW BOQUMROPHQWYV RQ

$SEVWDFAMKH DLP RI WKNHWRWXGDO\VLV D V\VWH
LQWHJUDWHG GHYHORSPHQW HQVIKHRREMERWWLR
UHVHDWAHK WR DQDO\VLV WKH V\WWHP UHTXLUEL
SURJUDPPLQJ HQYLURQPHQWYVY IRU WKH 3\WKI
SURJUDPPLQJ HQYLURQPHQWY WKDW DUH H[SHG
7KH REMHFW RILWIRHSURYH Y VKR EDN/DL B Q LRIIJSW R J U
LQ D JHQHUDO HGXHRDWKXERMH W KRRIRMIKFK D M D IF B/UHRK
SURJUDPPLQJ HQYLURGRNG®W VL@ | BWKER )X IGE
LQWURGXFH LQ WKH HGXFDWLRQDO SURFHVV
LQVWILRQYV WHDFKLQJ IXWXUH 3\WKRQ SURJUDP
IDPLOLDUL]H WKHPVHOYHV ZLWK WKH SURJUDPI
VHFRQGDU\ VFKRROV WKH PHWKRGRORJ\ IRU I
HQYLURQPHQW LQ 3\WKRQ

.H\ZRUGSYURJUDPRBWRIUDPPLQJ ODQJXDJH S



,661 Gh\elge dhfifxl_jge | _ogheh]«£€ L;9,

HQYLURRMKRQ
$IILODWHBQUWPHOWRIRVVLRQDO HGXFDWLRQ
WHFKQROMYNKVY 1DWLRQDO 3HGDJRJLFDO 8QLYF
'RY]JKHQNR\HYBRVNRBWNBDOXNKLY SNUDLQH
(PDLO XXNU QHHWKHQ #JPDLO FRP
DQDVWDVLD #JPDLO FRP

<b[ej k_j_"h\bsZ ijh]ljZfm\Zggy ”"ey gZ\qZggy m
rdheb hkgh\Zf ijhljzfm\Zggy } 9Z gZrm “mfdm \Z el
e~ gZk gZ\qZggy hkgh\ ijh]jZzfm\Zggy \ hmfqg\ZXlly_ h[
\eNjih\enge fbkebl_evge hi_jzZpe-€ Jha"ee ©:e]f
ijh]ljZzfm\Zggy?® } h~"ge}x e+a afeklh\bo eecgec rdee
egnhjfZlidi® ijhl_ aZalbgZc \\Z Z}Ilvky h”gbf «a g
jhanees\ rdeevgh€ ’gnhjfZIbdb <eM \b[hjm Kk_gy h\bs?Z
agZqggec feje aZe_ "blv mkiergeklv \bdhgZggy mqgyfb
ih\fyaZzgbo a- k|\hj gaogyf ijhljzf zZ kzZf gZ[j « j_"*
ijhljzfb a[_j_"_ggy ijh]jZzfb m nZce- azZimkd ijhljzfl
lhsh

M jZae \b\g_ggy fh\b ijh]jZzfm\3aydyD QU H-H (
\bdhjbklih\m}lvky k_j_~h\bs_ /D]JDUXV Dheb \b\gZz}I
\bdhjbklh\mxlvky jeage k_j_"h\bsz ,'/( 3\WKRQ ,
&RGLQJIJ*URXQG

AZklhkm\Zggy jeagbo k_j _~h\bszigh]jZfimpZ\gZd¥y -

g_"heed I1_j_\Z]1Z m I|hfmhéabi2abdhmgzZqgzZ}Ivky i_jki_d
gZ\gZggy ijhljzfm\zZzggy zZ” _ ijh]ljzfekl fh™ _ i_j_c
k_j_"h\bsZ \ egr_

Ydsh ° jhaley”~ZIlb gzZ\qzZggy ijh]jZzfm\Zggy a lhq

ihgzlde\py |Ih gzZy\geklv deevdho k_j_ "B\ irfh]jZfm
g_"he-d Z™" _bd hevgmqggbdzZo hibkm}lvky h~g_ k
ijh]ljZfm\Zggy Z \zegmbo <bgbdZz} ijh[e_fZ hilbfZev
\b[hjm Kk_j_"h\bszZ ijh]jZzfm\Zggy jh[hlZ m ydhfm [
dhfnhjlghx “ey mqgy

>h gZc[eevr ihimeyjgbo k_j_~h\bs ijh]jZzfm\Zggy f
gZe_MZI3\WKRQ ,'/( 3\&KDUP 3\'(9 :LQJ:DUH .RP
(FOLSVH *HDQ\ 6S\GHU 3\6FULSWHU >ey gZ\qZ
B\WKRQ 1Zdh” \bdhjbklIh\mxlvky RQOLQH k_j_"h\bsZz

ljb \bdhjbklZgge k_j_"~h\bsZ ijh]jZfm\Zggy vyd._
egklZex\ZIb fgExdhh \ mqgge\ nhjfmxlvky 1Zde \Z eb\e 1
mfeggy jh[hlb a nZcezZfb \e~Adjblly nZcem a[_j_"_gg
\bdhgm\ZIlb hkgh\ge "€ a I_dklhf ijh]jZzfb gzZ[ej |_dk
j_"Zlm\Zggy a“eckgx\Zlb _1Zib gZeZ]lh”""m\Zggy i
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ijh]ljZfb gZ \bdhgZggy \bijZ\e_ggy ihfbehd Ihsh
ljh\_~ _fh ZgZeea k_j_"h\bs ijh]ljZzfm\Zggy sh |
\blJey”~es Z\lhghfgbo ijh]jZzfgbo aZkh[s\ yde g h[o**gh
K_j_"h\bs_ ijh]ljzfm\Zggy 3\WKRQ ,'/( \oh”blv
egklZeypecgh]lh iZARQ INCBWEKHRGYZglZ hlthnepecgh]h
kzclm 3\WK&RQP> k_j "~h\bs_ ijh]jzfm\Zggy ijZpx}
dhfzg~gh]lh jyrdZ jbk

Jbk 1gl_jn_ck k_j_"h\bsZ ijh]jzfm\Zggy 3\WKR

Fh\Z egl_jn ftckgieeckvdz >elyqhlggypy Zglehfh\lghb
*gl_jok \bdebdzZ} "h”*Zldh\s mIjm~g_ggy

Kbkl_fge \bfh]lb ,'/( aZe_"ZIlv \e~ \_jke€ fh\b 3\V
ihklzZ\eyxlvky LZd 7~ey 3\WKRQ \_jke€ kbkl_fge \t

+1Zdlh\Z qZklhlZ ijhp_khjz F=p Z[h [*evrhx
thi_jzZlb\gzZ izffylv F; Z[h [sevr_

t\eevgfekp_ gZ "hjkldhfm ~bkdm F;
tZjoel_dImjzZ a jhajy*geklx [l Z[h [l
thi_jZpecgZ kbkl_fZ :LQGRZV ;3 9LVWD > @
<bkgh\hd NZg_ k_j_"~h\bs_ ijhljZzfm\zZggy

\bdhjbklh\m\ZIb m gzZ\gZevghfm ijhp_ke
GZklmig_ Kk_j_"h\bs_ ijh]jZfneagyP @> >Zg_
k_j_~h\bs_ ijh]ljzfm\Zggy fzZ} \edhggbc =<gl_jn_ck
egl_jn_ckygleeckvdZ jbk
Kbkl_fge \bfh]b
thi_jZpecgZ kbkl_fZ OLFURVRIW :LQGRZV C
thi_jzZlb\gz izffylv fegefmf =; j_dhf_g~h\Zgh
tfegefZevgZ jhaneevgZ a”Zlgeklv _djZgm o]
+fh\Z ijh]jZzfm\Zggy 3\WKRQ \_jke€ Z[h \bs_
<bkgh\hd NZg_ k_j_"~h\bs_ ijhljZzfm\zZggy
\bdhjbklh\m\ZIb m gZ\gZevghfm ijhp_ke
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Jbk 1gl_jn_ck k_j_"h\bsZ ijh]jzfm\Zggy 3\&KL

GzZklmig_~k\bps_ ijh]jZfm¥DygURVRIW 9LVXDO 6W
> @ 1gl_jn_ck k_j_~h\bsZ #jihZdkAdiyfdwigbc jbk

Jbk 1gl_jn_ck k_j_~h\bsZ ijh]jZzfm\Zggy
OLFURVRIW 9LVXDO 6WXGLR

Kbkl _fge \bfh]b

+qZklhlZ ijhp_khjz ==p Z[h \bsZ

tj dhf_g~h\Zgh ~\hy”~ _jgbc ijhp_khj

+h[ky] hi_jZlb\gh€ iZf{yle =; agbo =; ey jh]
fZrbghb

tfekp_ gZ “hjkldhfm ~bkdm =;
t\eevg_ fekp_gZ "hjkldhfm ~“bkdm =;
#lbi "hjkldh]h "bkdm 66"
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t\er_hz~Zil_j vydbec ieNljdimh jdaZlgeklv 0
j_dhf_g”*h\Zgh o]

<bkgh\hd NZg_ k_j_"~h\bs_ ijhljZzfm\zZggy
\bdhjbklIh\m\ZIb m gZ\gZevghfm ijhp_ke

K_j_"h\bs ijh]ljZzfm\Zggy :LQJ:DUH > @ \bir

ijhn_kecgec 1Z i_jkhgZevjpke \ ljhtyokbkl fgtb\Bhh €€
\klZgh\e_ggy \bagZqgblb g_ \*"Zehky

Jbk 1gl_jn_ck k_j_"h\bsZ ijh]jZzfm\Zggy :LQJ:I

<bkgh\hd fb g_ fh _fh j_dhf_g m\zZlb ~Zg_
ijh]ljZzfm\Zggy “ey aZkIhkm\Zggy m rdeevghfm dmjke

K_j_~h\bs_ ijh]jZfm\Zggy .RPRGR@jgZIlg_ >Zg_

_j_"h\bs_ I-"Ijbfm} c egre fh\b ijh]jZfm\Zggy Ij
\kIZgh\bIb \bdZgZgbc a\Wgb[gbrd4fBbbkljb[mlIb\ aZzdegq
g_\"Zgq_x Lhfm \klZgh\blb oZzZjzdl_jbklbdb ijh]jzfgl
\"Zehky

<bkgh\hd NZg k_j_~h\bs\Zggphljzdm*hpeevgt
\bdhjbklh\m\ZIb m rdeevghfm dmjke egnhjfZlbdb

K_j_~h\bs_ ijh]jzfm\zZggy (ULF > @ fZ} jhkecky
P_ ijh]ljzfz a \e~djblbf dh~hf Kijh[Z \klZgh\e_ggy
dhfifxl_j aZzdeggbezZky g \"Zq_Xx
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<bkgh\hd k_j_~h\bs_ igyjZTeuklg g_"hpeev
\bdhjbklh\m\ZIb m gzZ\qZevghfm ijhp_ke aZ]Zevghhk\
K_j_"h\bs_ ijh]jzfm\Zggy *HDQ\ > @ fZ} jhk

egl_jn_ck >Zg_ k_j_"h\bs_ ijh]ljZzfm\Zggy [_adhrlh\g
gl _jn_ck jbk

Jbk 1gl_jn_ck k_j_ifh\lkzfim\Zggy *HDQ\

Kbkl_fge \bfh]b ~Zgh€ ijh]jzZzfb \bagZgblb g_ \*Z¢
dhfifxl_je a hi_jzZlb\ghx izZffyllx =; ijhp_khjhf ,C
7 hi_jzpecghx kbkl_fhx :LQGRZV ;3 63 k
ijhljZzfm\Zggy *HDQ\ \klZgh\beldhkye " rkigldp fhlgm\ Z
[_a a[h€)\

<bkgh\hd k_j_~h\bs_ ijh]jzfm\Zggy *HDQ\
j_dhf_g"m\Zlb "ey aZklhkm\Zggy m gzZ\qZevghfm ijhyg

K_j_~h\bs_ ijh]jzfm\Zggy (FOLSVH > @ [_a
Zglehfh\gbc <gl_jn_ck:egbk*ey ch]lh \bdhjbklZgggy g _|
\klZgh\blb "h”rZldh\m ijh]jZfm

Kbkl_fge \bfh]b

thi_jZpecgZ kbkl _fzZ fegefmf :LQGRZV

tijhp_khj ,QWHO L &RUH

thi_jZlb\gzZ izffylv =;

tfekp_ gZ "hjkldhfm “bkdm =;
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t\er_hzZ~Zil_j 1YLGLD *7;
t'LUHFW;@ >

Jbk 1gl_jn_ck ksjZ tphpZfm\Zggy (FOLSVH
<bkgh\hd k_j_"h\bs_ ijhljzfm\Zggy (FOLSVFH

\bdhjbklh\m\ZIb gZ _I1Zis gZ\qZggy hkgh\ ijh]jZfm\Zg
hkdeevdb [eevreklv mqgge\ g_ afh ' mlv gZeZrim\Zlb
AhfZrgvhfm dhfifxl_je

Hdjef k_j_"~h\b¥jZfm\Zggy yde \klZgh\exxlvky gZ d
ekgmxlv RIQQLNHbsZ Pe k_j “h\bszZ g_ \bfzZ]Zxlv gk
jhlhlb a gbfb “hklZlgvh [jZma_jZ |Z i«~"dexq_ggy ~h f

>h mge\_jkZevgbo Kk_j_~h\bs ijh]ljzfm\zZggy Ih[l
ierjbfmxlwage fhi\b ijh]jZfm\Zggy gZe_ "blv k_j\ek ,GH
Chlh gl _jn_ck ihdZaZgh gZ jbk

<bkgh\hd k_j_"h\bs_ ,GHRQH FRP ~hpeevgh \b
mjhdZo <gnhjfZlbdb

K_j_"h\bs_ ijh]ljzfm\Zggy &RGLQJ*URXQG > @
egl_jn_ck jbk jhlagh\Zgh gZ dh”m\zZggy ijhljzZf ebr_
3\WKRQ

<bkgh\hd gZ ihgqzldh\hfm _1Zie gZ\qZggy hkgh\
rdhees \bdhjbklh\m\ZIlb k_j_"h\bs_ &RGLQJ*URXQG "I

AZ j_amevlzZIZfb ijh\_~_gh]h “hkee”"_ggy fh gZ j_i
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\bdhjbklZggy gZ ehdBévighfir k_j_~h\bsZ ijh]jZfm\z
,'/( 3\&KDUP OLFURVRIW 9LVXDO 6 WKJLRh\DERQ\
,GHRQH FRP *« &RGLQJ*URXQG

Jbk 2QOLQH k_j\ek ,"(21( &20

Jbk 2QOLQH dhfiseylhj &RGLQJ*URXQG

| _jki_dlb\Zfb ih"Zevrbo gZmdh\jhajhdZrhdh”*bggh
kbkl_fb gzZ\gqZggy hkgh\ ijh]jzfm\Zggy fh\hx 3\
aZlZevghhk\elgeo rdee Z 1Zdh  fZc[mlgeo mqgbl_e«*\ ¢

Kibkhd \bdhjbklZgbo " _j_ e
> j Z\gbc klZzg”™Zjl [Zah\h€ ¢ ih\gh€ aZ]Zevgh€ |
AZI\_j»" _gh ihHXgDZ[*sg_Im Fegeklje\ MdjZ€gb \e"

i < >?e _dljhggbc jzkmjK@f ~hklmim
KWWS |JDNRQ UDGD JRY XD O®ZY¥ VKRZ
Eegged H | [Ijh]jzfgZ is~ljbfdZ dhfifxl_jgh]h fh

aZkh[zZfb fhib 3\WKRQ+*d HK IHE¥gg _jedh\ 1 H L_ie
K < RhdZexd lggh\Zpecges | _ogheh]+*€ gZ\qZggy
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\bsh€ rdheb fZl_jeZeb >jm]lh€ \k_mdjZ&idkggh&E ¢
dhgn_j _gpe*€[_j_agy zlhelz\Zz +K

lhebsmd : [1h]jgffbjh\Zgb_ \ ; :LQGRZ kj_"kI\Zf
B3DVFDO >We_dljhgguc j_kmjk@ mqg_[gh_ ihkh[b
K: K_f_jbdeDjb\hc Jh] Ba”*Zl_evkdbc hi*te m=IM

+ J_"bf ~hklmiZz KOLW X[ QWKW 0\/'3 %22.6 3URJL
FRQWHQWY VKWPO

lhebsmd : | Kbkl_fgh_ ijh]jzffbjh\Zgb_ \ 81,; k
JUHH 3DVFDO >We_dljhgguc j_kmjk@ . | khebsm

Djb\hc Jh] Ba”*Zl_evkdbc hi*ze DkeHM "bf "hkimiz
KWWS ZZZ LQWHUIDFH UX KRPH DVS"DUW,G

Ilheesin H | Dhfifxl_jg_ fh™_ex\Ziggjyy "\bHdE&
Hl lheesmd 1 H L _iebpvdbc K H K_f_jedh\
fh _ex\Zggy \ hk\ele fZl_jeZeb 91 <k_mdjZ€gk

f_ITh~bgghlh k_fegZjm Djb\bc Je] +Dpbdlyc Je]j
<b"r"Z\gbqgb*de DF1 =K

Kbkl_fgu_ Ij_[h\Zgby '(HIHSBIHI WKH PRWKHU
fbgbfZevgu_ j_dhf_g m_fu_ >We_dljlegdHDPj_k
D F F ROOQEW +J_"bf ~hklmiz KWDHFF R VQUWH DX HF
GHIHQW KERW KH U O D G M\V M/MHHPQ W V

L_iebpdbc B : KhaftZf9be c¢c nbabg_kdbo ijhp_k
kj_~_ 3\WKRQ L _iebpdbc B : K_f_jbdh\ K :
Ahih\er _c \ I =mfzgelZjgbc mge\_jkblhN@®AL1>F

j_"~ dhe < F H]ZilgdrAZihge 'y =M OAL1>FM

+K

OZoz_\B : <\_"~_gb_\3\WKRQ b (ULF >We_dlIj
OZozZ_ \ + k + J_"bf Ahklmiz
KWWSV ZZZ DOWOLQX[ RUSGPDJIHV | IG 3\WKRQ

'RZQORDG .RPRGR ,'( _ $FVNRQYIHB WDHVIR XY

$FWLYH6WDWH G6RIWZDUH = @BFFHVV PRGH
KWWSV ZZZ DFWLY HVOW &R ZFOROPR B B B RLGSRH

'RZQORDG 3\&KDUP 3\WKRQ ,'( IRU 3URIHV
"HW%UDLQ >(OHFWURW®YPFU IJIHY\R X B FAEH V VH PR G
KWWSV ZZZ MHWEUDLQV FRP S\FKDUP GRZQORD

'RZQORDG 3\WKRQ _ 3\WKRQ R$FPHUMWFPVRIGRIC
KWWSV ZZZ S\WKRQ RUJ GRZQORDGV

(FOLSVH 'RZQIKRIDEWLSVH>RXGWLWORRE UHV
(FOLSVH )RXQGDWAWRQ OF SFFHVV  PRGH
KWWSV ZZZ HFOLSVH RUJ GRZQORDGYV

*HDQ\ +RPH 3DJH >(OHFWURFRF 7WHIVHRX UFD
%UXVK &RORPEDQ :HQGOLQJ )UDQN /DQLW] 1LF
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+-DQXDU\ +$FFHVV KRGWSY ZZZ JHDQ\ RUJ

,GHRQH+FRPOLQH &RPSLOHU DQG ,'( !l & &
3\WKRQ 3HUO DQG > ( OGHFRAHWRHQ & A VUHHIERF RHEG
PRGH KWWSV LGHRQH FRP

2Q0LQH 3\WKR QQRREL GHUKRDO LELHVRW KR Q
3\WKRQ &RGLGBURPDWLOM 3\WKROXHOBOMKRQ 2Q
&RPSLOH 3\WK RXQ2 ORI (DHFMIHR Q LE$ BFHINVRX U F
PRGH KWWSV ZZZ WXWRULDOVSRLQW FRP H[HF

3\'"HY >(OHFWURQULFUDH QR X 6 RH@3 B U HO/ W ®/IX

+$FFHVV PRGH KWWS ZZZ S\GHY RUJ

7KH (ULF 3\WKRZQORDG >(OHFWUR WO WY\
2IlHQEBFK +$FFHVV PRWMW SNG HHS\SEKR\OH FWV RUJ
GRZQORDG KWPO

"KDWT¥ Q@ 9LVXDO 6WDHURLRXFW 8SGDWHV D
XOHFWURQL® UBNRXRNERIW + J “bf AhklmiZz
KWWSV ZZZ YLVXDOVWXGLR FRP YV ZKDWVQHZ

'LQJZDHHQJ 3\WKRQ ,'( >(OHFWURQEZBDHHM VR

+$FFHVV PRGH ZDWWSRRPZLQJ

5HIHUHQFHV WUDQVODWHG DQG WUDQ\

'HU]JKDYQ\L VWDQGDUW ED]JRYRL L SRWRWH ]
VWDQGDUG RI EDVLF DQG FRPSO HAVHDIWQHL®]® H
SRVWDQRYRLX .DELQHWX OLQLVWULY 8NUDLQ\ Y
>(OHFWURQLF U HV R X USFFH@ V V PRGH
KWWS ]JDNRQ UDGD JRY XD O®DZY¥ VKRZ
,@NUDLQLDQ

JLQQLN 2 3 3URKUDPQD SLGWU\PND NRPS
]JDVREDP\ PRY\ 3\WKRQ >6RIWZDUH VXSSBUW IF
3\WKRQ ODQJXDJH WRROV@ 2 3 /LQQLN96 2 ¢

6KRNDOLXN ,QQRYDWVLLQL WHNKQRORKLL Q
Y\WWKFKRL VKNRO\ PDWHULDO\ U XSKUROLN W VRHOQ\F
NRQIHUHQWWUIH]QIUR3ROWDY B6 JANUDLQLDQ

3ROLVKFKXN $ 3 3URJUDPPLURYDQLH Y ; :
3DVFDO >; :LQGRZ SURJUDPPLQJ ZLWK )UHH 3D
XFKHEQRH SRVRELH $ 3 3ROLY¥YKBKXRL 6RS$
,JGWMHOVNLL RWGHO: .*38/+ $FFHVV PRGH KW W
OLQX[ QHW 0\/'3 %22.6 BRRWMHQWMVKWPO ,Q 5X

3ROLVKFKXN $ 3 6LVWHPQRH SURJUDPPLUI
JUHH 3DVFDO >81,; VI\VWHP SURJUDPPLQJ ZLW
UHVRXUFH@ $ 3 3ROLVKFEXWRI6 58J6 H,PGDWNRO
%38 + V. + $FFHVV PRGH
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KWWS ZZZ LQWHUIDFH UX KRPH DVS"DUW,G

3ROLVKFKXN 2 3 .RPSLXWHUQWHBRGR®ULKKH
>&RPSXWBUPRGHOMEURQPHQW@ 22 BHSAON VKA
6 2 B6HPHULNRY .RPSLXWHUQH PRGHOLXYDQ
9VHXNUDLQVNRKRVROXNRYRKR VHPLQDUX .U\Y\L

U+.U\Y\L 5LK 9\GDYQ\FK\L YE6GLO .QQ
SNUDLQLDQ

6LVWHPQ\H WUHER YDIQIQ®L QBOWKWHH PRW K H U
PLQLPDOQ\H UHNFRWWBRHPNAXLUHPHGOWE LFED L
WKH PRWKHUODQG RQ 3& PLSLPHDONURGIER RAH/
BWHDPFRXQ@W UX$FFHVV PRGH ERARXQWWHKDRF
GHIHQWKEBRWKHUODQBTXIWWHPH QWY ,Q 5XVVLDQ

7HSOLWFNLL , $PREH®MQLH ]JULFKHVNLNK SUR
3\WKRQ >&URBWHQY RI SK\WLFDO SURFHVVHV LQ
7HSOLWFNLL , $ 6HPHULNRY 6 $ 'QL QDXN\
+XPDQLWDUQ\L XQLYHUV\WHWR Y @& LDs? UHG
9 0 2KDUHQNR7WB=DSRUL]K]KLD +8 ©=6082

,Q 5XVVLDQ

.KDNKDHY , H8QLHY NG3\W K RMWIW REDAFWLRQ WR
(ULF@HFWURQLF UHVRXUFH@ + ,W3@ F.HDW KIRHGH
KWWSV ZZZ DOWOLQX[ RUSGPDJBV5K VW I3DWKR Q

'RZQORDG .RPRGR ,'( _ S$FWLYHBWDWH >(
$FWHIBMWWDWH 6RIWZBUH ,Qf $FFHVV PRGH
KWWSV ZZZ DFWLY HVGW &R ZFOROPR B B B RLGRH

'RZQORDG 3\&KDUP 3\WKRQ ,'( IRU 3URIHV
"HW%UDLQ >(OHFWURW®WPFU DIHYR X BAEHVY PRGH
KWWSV ZZZ MHWEUDLQV FRP S\FKDUP GRZQORD

'RZQORDG 3\WKRQ _ 3\WKRQ R:$FFPHU M PRIGRIC
KWWSV ZZZ S\WKRQ RUJ GRZQORDGYV

(FOLSVH 'RZQIKRIDEWLSVH>RXGWDWORRE UHV
(FOLSVH  RRXQG DWEL + $FFHVV PRGH
KWWSV ZZZ HFOLSVH RUJ GRZQORDGYV

*HDQ\ +RPH 3DJH >(OHFWURGFRF 7WHIHRX UFD
%UXVK &RORPEDQ :HQGOLQJ )UDQN /DQLW] 1LF
+-DQXDU\ *$FFHVV PRGHZZKMWB OV R ZJ

,GHRQH*FRPOLQH &RPSLOHU DQG ,'( !l & &
3\WKRQ 3HUO DQG > ( OGHFRAHWRQ & A VUHHI\ERFK RHEG
PRGH KWWSV LGHRQH FRP

2Q0LQH 3\WKR QQRRE G HWKRO LELHVRW K R Q
3WKRQ &RGLQIUDEWILEH 3\WKROXMNHOBOMKRQ 20Q
&RPSLOH 3\WK RXQ2 \OWKR (DHFMAUHR Q LE$S BFINVRK U F
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PRGH KWWSV ZZZ WXWRULDOVSRLQW FRP H[HF
3\'HY >(OHFWURQI%UDH R YERH@HBU L O WK
+$FFHVV PRGH KWWS ZzZZ S\GHY RUJ
7KH (ULF 3\WK'RZQOQRDG >(OHFWURGQWRO ¥\
2IIlHQEDPFK *$FFHVV PRWMW SVG HHE\SRKRMDHFWYV RUJ
GRZQORDG KWPO
KDWITV QHZ LQ RLVXDXWRBRGBXFW 8SGDWHV D
XOHFWURQL® UBVRXRNERIW + J_"bf "hkimiz
KWWSV ZZZ YLVXDOVWXGLR FRP YV ZKDWVQHZ
'LQJZDHUHQJ 3\WKRQ ,'( >(OHFWURQEZBtUH VR
+$FFHVV PRGH KWWSV ZLQJZDUH FRP

SHPHG $SULO LQ UHYLVHG IRUP $
0D\



lgnhjfZpeaghfmgedZpecge |_ogheh]e€ \ hk\ele

lgnhjfZzpecge I _ogheh]e€ \ hk\e]|e
ijh[e _fb kmqgzZkgbc klZg ijZzdlbggbc ~“hk\e?

He_dkzZg”"jZ 1]lhje\gZ Hj*"Zgh\kvdZ
DZI_jbgEeh”bfbjedlgizZs_ddh
DzZn_"jzZ eggh\Zpecgbo If dhhbHbeg2XqZggy ijbjh”rgbq
"bkpbieeg Ile\* _gghmdjZz€gkvdbc gZpehgZevgbc i
mge\_jkbl _| «&> Yeripgkvdh]h \me KIlZjhihjlhnjZgde\k\
f HM _kz MdjzZz€gZz
D OHN VR U GHIPDERNYD HN D WEKWNDQO VY

:ghlZpeyF_Ihx “hkeefgy} \bagZq_ggy ikboheh
i_~Z]h]eqgbo “pldgbg-qgbo kZgti¥geghhgbo [_og-d
I_ogheh]eqgbo nZdlhje\ sh \ieb\Zxlv gZ j_amevlZlb h
a \bdhjbklZggyf egnhjfZpecgbdzZ*dghEbth]*oke*}" _ggy
ZgZe+sa kmqgzZkghlh &gZgrgnhjéZpecgbo | _ogheh]ec \
azdezZz”"Zo afykm\zZggy \bfh] sh”~h kl\hj_ggy * \bdhjb
egnhjfZpecgbo ijh~mdle\ gZ\qgZevgh]lh ijbagZq_ggy
\eMih\ergbo _dki_jbf_glZevghbo[fidilhfbdhke«""} ggy
hk\elgec ijhp nkeabdb \ azdez”"Zo aZ]zZevgh€ k_j_"
lj_~f_Ihf ~"hkee"" }gdlpdhjbklZggy egnhjfZpecgbo |_o¢
ahdj fz | _ogheh]ec ki\hj _ggy . \bdhjbklZggy
egnhjfZpecgbo ijh*mdle\ gZ\gZevgh]h ijbagZqg_ggy
ij_"klz\e_gh ZgZerllhkm§Z&m \bdhjbklZggy esgnhjfZ
| _ogheh]ec m aZdezZ”"Zo aZ]lZevgh€ k_j_"gvh€ hk
kbkl_fzZlbah\zZgh i_j_eed ihdZagbde\ az ydbfb ~hy
_dki_jlbam ydhkle egnhjfZpecgh€ ijh"mdpe€ gZ\qZe:
gZ"Zgh \e”rih\ergeg/ltZdk€ sh~h klI\hj_ggy <« \bdhjl
egnhjfZpecgbo ijh*mdle\ gzZ\qZevgh]h ijbagZqg_ggy
\eMih\ergh]lh _dki_jbf_glZevgh]lh ~“hke+”" _ggy <« ijzZdl
J _ameviZlib ~hkeefeZgogylvky maZ]Zevgblb ”"ey nhj
j_dhf_g”*Zpec sh”h ZgdhjekkI\hj _ggy *gnhjfZpecgbo ij
gZ\gZevgh]lh ijbagZq_ggy a mjZom\Zggyf ki_pbnedb
ijhneevgh€ rdheb

Dexqgh\e keh¥gnhjfZpecge | _ogheh]s€ \ hk\lele g
ijh~mdlb gZ\gZevgh]h ijbagZq_ggy

2 ,2UGDQRYVSBRPDVKERRQIRUPDWLRQ WHFK
LQ HGXFDWLRQ SUREOHPV FXUUHQW VWDWH S!
$EVWUTKHM. R|1 WKLV VWXG\ LV WR LGHQWLI\
SHGDJRJLFDO GHVLJQ HUJRQRPLF VDQLWDU\ V
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ZKLFK DFWAXHOFH QR WKH UHVXOWV RI WKH HG
LQIRUPDWLRQ2EMIFRK®RORVIDRIHWKR MQXCG\H WKH
RI LPSOHPHQWDWLRQ RI LQIRUPDWLRQ WHFKQR
FODULILFDWLRQ RI UHTUXHDWPRQWNQGRXVWKRI
LQIRUPDWLRQDO SURGXFWV IRU HGXFDWLRQDO ¢
DSSURSULDWH H[SH U L PRIEDMVHIFQV VIRHL RIKNDAHDXHHE/EC F7 BV
SURFHVV RQ SK\VLFV LQ LQVWLWXWVRGWHRI VF
UHVHDWMKKH XVH Rl LQIRUPDWLRQ WHFKQRORJL!
WKH FUHDWLRQ DQG XVH RI HOHFWURQLF LQI
SXUSRVHV 7KH SDSHU VXPPDUL]HV WKH DQDO\
LQIRUPDWLRQ/ WL BFKIORRORGDH HGXFDWLRQ LQVW
VIVWHPDWLF OLVW RI LQGLFDWRUV IRU ZKLFK LW
RI WKH TXDOLW\ RI LQIRUPDWLRQDO SURGXFWV
UHFRPPHQGDWLRQV IRU W KIHQ IFRRUHPIWLLRR@ 0D Gi G
SURGXFWV E\ UHOHYDQW H[SHULPHQWDO UHVHD
SURYLE3H/XOWYV RIDWKHSUWEGHG WR EH JHQHUD
UHFRPPHQGDWLRQV IRU WKH XVH DQG FUHDWL
HGXIFFDQ\D O SXUSRVHV WDNLQJ LQWR DFFRXQW
SURFHVV LQ WKH SURILOH VFKRRO

H\ZRUGQWIRUPDWLRQ WHFKQRORJLHV LQ HGX
IRU HGXFDWLRQDO SXUSRVHYV

$IILOLDWBRQWPHQW RI LQQRYDWLYH WHFKQ
WHDFKLQJ QDWXUDO VFLHQFHV 6RXWK 8NUDLQ
1DPHG $IWHYK\QVN\6WDURSRUWRIUDQNLYV{IND ¢
8NUDLQH

(PDLO DOHNVRUGDQRYVYN N DI¢MHPHLNOUFR R W

lgnhjfZlbazZpex hk\elgvh]lh ijhklhjm kijZ\_~eb\h \\.
ea ij*hjbl_Igbo gZzZijyfe\ eggh\Zpecgh]h jhalbldm h
\elgbagygbf <« Kk\elh\bf ~hk\erhf ~h\_i "ghlhikfgimebr]]
f_ ITh~"bggm "hpeevgeklv rbjhdh]h \bdpfibkiZglyy
|_ogheh]ec Hk\elZ \azZ]Zees g_ fh _ klhylb \ klhjh
I_ogheh]ec yde aZ mfh\ h[%jmglh\Zgh]lh « zZ~_d\Zlg
a"Zlge aZ[_ai_qgblb \azZ}fh~ex \keo km[T}dIle\ gZ\qZgc
egkljmf_glhf Zdlb\eazZpe+€ |1Z amelwdZbm\ghkle gZ\gZdg
azZ\~ydb ydekgh ¢« deevdekgh egrhfm egnhjfZpecghfm ij

>h egnhjfZpecgbo | _ogheh]ec yde gZ[meb gZc]
aZklhkm\zZggy \ hk\elgvhfm ijhp_ke fh gZ \e~g_Kklb |_
* \bdhjbklZggy _e _dljhggbo egnhijfdipdc gtZdqZjdvgh]
ijbagZg_ggy g9Z\gZevgbo ij_a_glZpec dhfifxlZjgbo |1
Zm~ehnjzZ]f_gle\ Ihsh | _ogheh]«€ dhfifxl_jghlh |_klr
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dhfmgedZpe€ ofZjge I_ogheh]+*€ lhsh

Ihje\gxxqgb j_amevlZlb "hkees™" _ggy klZgm \
egnhjfZmeo | _ogheh]ec \ hk\elgeo aZdezZ”~Zo sh ijh\
jhde\ Thfm a j_amevlZIZfb ZgZeh]eqgh]lh *hke+s”"_gg"
ijhly]hf hklZzggvh]lh jhdm fh gz ajh[blb g_\lerge \
a\Z Zxgb gz |I_ sh aZ[_ai_qg_ge*klv azZdeZzZ”"e\ h
fmevib”recgbf h[ez~rgZggyf \Z]hfh ihdjZsbezZky gZ\«
"hklzlgvh€ fZIl_jeZevgh€ [Zab iblZggy sh”h \lee_gg
egnhjfZpecgbo | _ogheh]ec \ hk\elgvhfm ijhp_ke ~h
ijh[e_fgbfb « ZdImZevgbfb

< h~gbo \biz~"dZo mqgbl_ee+ \e~rfh\EMxIVkge PO -
Zm~blhjeyo sh h[eZ”gZge kmqZkgbfb aZkh[Zfb fmeyv
sh g_ Jhlh\e ijZpx\Zlb \ gh\bo mfh\Zo hkdeevdb ihklm
\heh”eggy dhfifxI_jhf \azZ]Zee ~hke g_ fZxlv ~hkl:
dhjbkIm\zZggy jeaghfzZgelgbf aja[ljaigh_ggyf klI\hj_g
\eZkgbo sgnhjfZpecgbo ijh”mdle\ Ihsh

< egrbo \biz~"dZo \bdhjbklZggy egnhjfZpecgbo
\er[m\Z}Ivky fZc _ klboecgh dheb aZohiexxqgbl
jeaghfZgelgbfb azZzkh[Zfb 1DL mqgbl_ee ijhihgmxlv mc
ijh~mdlba[mjZom\Zggy ikbohneacheh]eqgbo hkh[eb\h
kijbcgylly a g_"hljbfzggyf \bfh] _jlhghfedb a
"hpeevgeklx a f_Ih*bqgbo ihabpec 1Z g_ \ mkeo \biZ
gZ\gZevgbhf peeyf « ~b~rZdlbgghfm ijbagZgq_ggx A
©ZglbgZmdBgdbi_~Z]h]eqgbo Zglb]JmfZzggbo _dki_jb
Nelvfb® \bkeh\b\Ry@Z4e~Zd a ~mfdhx ydh]lh g_ fh
ihlh~"blbky sh ®©]hgbl\Zz azZ ydbfbkv ijbfZjgbfb *h
ijehjbl_1Zfb aZ jZomghd <]Jghjm\Zggy <gl_j_ke\ ghjfZe
egl_e_dimaepgEhpldm ~«l_c geqbf g_ fh™_ [mlb \bijz\»

GZc[eevr ihrbj_gbfb i_~Z]lh]leqgbfb ijh]jzfgbfb ijh
neabdb yde k_jlbnedh\Zge ¢ j_dhf_g~h\Zge “ey \bdh
azdezZ”Zo Fegekl_jkI\hf hk\elb « gZmdb MdjZz€gb aZe
\ejmZevgbo gZhgghkl_c2 « ©<ejlmZevgZ neabqgZ eZ
Fedjh? :gZeesa ydhkle pbo ijh*mdle\ m _ ijh\h”b\Kk
f_lh~bklzfb \gblij2gfbdzfb <« g_h”ghjZah\h Zdp_g
m\Z]m gZ gbadm g_"heede\ sh™h g \e?ih\e"ghkdeej Z
\ejlmZevgbo <felZpec kmfge\ghkle \bdhjbklZgbo dhfi
neabqggbo ijhp_ke\ ih]Zgh€ \b~ bfhkle _e_f_qgle\ egnh
ljZgkeyp-€ gZz \_ebdhfm _djzg- gZ~r\b~rdekg!
\er _hnjzZ]f_gle\ 1ZZgqdZpec [Z]Zlhdheesjghdhy ahglhz"
ijbal\h~“beh ~h i_j_\bs_ggy _fhpecgh]lh kijbcgylly
\erhfhkl_c mqgyfb « \er"\heedZggy \¢e® €€ afeklm Ilhst
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\_jkec pe}€ [e[eehl_db Z[h =egrbo ijh]jZfgbo ijh*m
ijhihgm}livky Lhfm peedhf ajhamfeeh sh fmqgbl_
\erfhleyxlvky \e” \bdhjbklZggy pbo i_"~Z]h]Jeggbo ijh]
Z[h gZzZfz]zZxlvky \e*rmdh\m\ZIb =egre egnhjfZpecge
gzfz]lzZxlvky klI\hjblb \ezZkge egnhjfZpecges ijh_dlb
\eNih\erZ x|V ikbdheéHh]lh]eqghbf 4 k 2g]=}ajodg b f
ghjfzlb\zf sh \bkm\zZxlvky “h ijh]jZzfgbo aZzZkh[e\
ijbagZq_ggy > @

7Z]1Zlhjeqg_ "hkee”” ggy ijh[e_fZlbdb =« ijZdlbc
kiV\hj_ggy <+ \bdhjbklZggy _e_dljhggbo =esgnhjfZpec
gZ\gZevghlh ijbagZgq_ggy \ hk\elgvhfm ijhmgads a n

fh eb\eklv \bkeh\blb i_\ge j_dhf_g~Zp-£€
a*“hjh\fya[_j_"m\Zevgh]h « ikboh]e]e}geqgh]lh o0Zjzdl_
>h B[hjm _e_dljhggbo i**jmqggbde\ i_~Z]lh]eqgbo

dhfie_dke\ hdj_fbo \eamZeecaZpec fZgeimeylhje\ kee”
e« djblbgghe&ZgXgb «gnhjfZpecge ijh*mdlb azZ 1Zdbfb ih

tneacheh]eqgbfb \edh\bfb hkh[eb\hklyfb mqgge\ sh
azZizZffylh\m\Zggy sgnhjfZpe€

+f_lh~"bqgbfb \bfh]b "hpeevghkle al\hjhlgh]h a\fy:
lhsh

+ _jlhghfeqgbfb \bfh]lb IfZdfla~e_jlhghfedb sh”h
Zgljhihf_ljbggh€ k_gkhfhlhjgh€ _0_jl_lbggh€ ik
kmfekghkle \qbl_ey mqgge\ « h[eZ”*gZggy

+gZkhf ljZgkeyp<€ \bfh]Z dhjhldhljb\Zehkle
hilbfZzevgbc qzZk ~_fhgkljZp+£€

tydeklix \bfh]b \b~Abfhkle mZlygdlitale\bizZzrdm fh
ih[Zgblb kmll}\e ~ [Zee \ gZc[eevr ykdjZ\ec “hkdh
nhjfe

tdeevdeklix o ykdjzZ\eklx \bdhjbklZgbo dhevh]
_kl_Ibgghkle i_j_"[ZqzZ}Ivky \blhgg_g_ djZkb\_
ihablb\gbc \ieb\ gZ ikboedm mfgeggykdjz\_\

tklZlbggeklx Z[h "bgzZfeqgeklx \bfh]b afeklh\ghkle
_fhpecgbc \ieb\ fZ} [mIb z~_d\Zlgbf ~h kijbcgylly afe

AZm\Z bfh sh gZ \e~rfegm \e~ kijbcgylly *"jmdh\Zc
%jmglm}lvky gZ ijbgpbie Z[kljZ]m\Zggy afeklm
hjl]Zzgeah\m}lvky yd i_\gZ ihkee~h\geklv ¢« nhjfm} kljmc
Neyevgeklv ydec \eZklb\e ihkee*h\geklv eegecgek
*}jZjoeqgeklv egnhjfZpey ydZ ij_a_glm}lvky aZkh[Zf
ijhklhjhAm kljmdImjm hkdeevdlh KI\fZakly BAfMmdees sh
a\_jg_g* ~“h gmlli}\h€ klihjhgb Lhfm i« qZk KklI\hj_
gZ\qZevgbo ij_a_glzZpec dhfihgm\Zggy keZc”e\ f.



lgnhjfZpeaghfmgedZpecge |_ogheh]e€ \ hk\ele

hjl]Zgeqgeklv m ih}*gZgge jeagbo egnhjfZpecgbo ih
Zm~eZevgh€ IZdIbevgh€ | hdek Th{hZne«qgbhik€e h\a\mdh
klZlbggh€ ~bgzZfeqgh€ fZkh\h€ ki_peZevgh€ Zdli
ajhamfeeh€ ih\gh€ dhjbkgh€ Ihsh

H[f}dIlb \ ihee ahjm fZxlv [mlb jhafes_ge gZ [ebavc
\eAr hrghlh Z \eamZevge _e_f_glb fZxlvnlkl]fnjng\a\B kiyk
aZ ih~e[geklx ijhp_ke\ ¢ jhafesm\ZIbky a mjZom\Zg
eh]egghlh ijh~h\ " _ggy GZ\qZevgbc fZl_jeZe ijb
azZiZfYylh\m\zggy fZ} \b”eeylbky dhevhjhf Z[h ie~rdj_
kee® i _j \ZglZ " m\ZIlb \eamZevgm yfmhjykdsX\b¥¥blZe
dhgljzklgbfb dhevhjzZfb < k\lhx qg_j]m Ney ieM\Db
j_dhf_g”m}lvky q_jlm\Zggy \eamZevgh€ egnhjfZpe€
hrgbo hi_jZpec «grbfb

>h \bfh] _kl_Ibgghkle \erghkylvky hnhjfe_ggy -°¢
ijhAmdlm \bdhjbklZggtylh didéeghjblIm \ihjyrdh\Zg-k
\bjZageklv ]jZneqggbo _e f gle\ \e~ih\ergh ~h €0 |
ijbagZg_ggy 4 _jlhghfeggbo \bfh] Lzd j_d
\bdhjbklh\m\ZIb g_ [eevr_ qghlbjvho dhevhje\ ijb p
“h\lh]lh < g_j\hgh]lh dhevhjs\ djlzsfegaimkib ebr_ ~e
\bree_ggy Jheh\gbo _e_f_gle\ egnhjfZpe€ gZ"z
aZkihdeceb\bf dhevhjzf ~ey leZ akeZgtad bbhkhildh\bc
“hilha_e _gbc [_"_\bd&kedeleh

HI"_ i~ gZk \bdhjbklZggy ¢ klI\hj_ggy *gnhjfZpe
mgbdv fZ} \jZoh\m\ZIb peem kmdmigeklv nZdlhje
i_"Z]h]eqgbo “pagag-qgbo kZgti¥gehgbo |I_og-d

I_ogheh]eqgbo Ilhsh hkdeevdb ikboh_fhp¢cgZ kn_
kdez”~gbc [Z]ZIhfejgbc n_ghf_g <« jha\b\&Zepegges il
ihlj_[tmkh[bklIhkle *“blbgb g_ fZxlv aZebrZlbky ihazZ m)

Kibkhd \bdhjbklZgbo ~"_j_e

@Ze"Ed Kbkl_fz is~]lhlh\db \qbl_ey ~h \bdt
egnhjfZpedghmgedZpecgbo | _ogheh]ec \ gZ\qZevghf
Fl@zenzd GZmdh\bc qgZkhibk GzZpe-mghélwgh]l
mge\_jkbl_Im «f_ge F | >jZ]lhfZgh\Z K _hps}glhDB§iex]I
kbkl_fb gZ\qzZggy a[ fmdGiMpM_be>FZ]hfZgh\Zz

< +K

Hi"Zgh\kMdlZ <bdhjbklZggy fmevlbf_~ecgbo aZkh]|
1z i_~Zyhglbo ijh]jZzfgbo ijh~mdle\ a In4p¥dgh\k Wl Z
| _~Z]lh]egge gZmdb |_hjey eklhjey eggd[\ZgpZootr lijog
Kmfb <b”Z\gbpl\h Kmf>IMKeFZgleZj gdZ =+« +
K
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5HIHUH QBH\Q \DIBAUHD® V GLWHUDWH
=KDOGDN 0 , 6\WWHPD SLGKRWRYN\ YFK\
LQIRUPDNRPXLA@RNDWVLLQ\NK WHNKQRORKDE KHQD
WUD MOV R B KVRIL QIR UPDYERP® X Q L MHF KR@® QR J L H
WHKIHG XFDWUR@POY , =KDOGDN 1DXNRY\L FKDV
SHGDKRKLFKQRKR XQLYHUV\WHWX LPHQL 0
.RPSLXWRHULQRQWRYDQL V\VWHP\ QDY¥FKDQ®8 D
LPHQL 0 3 'UDKRPDIRRYD +6 ,BNUDIQL
2UGDQRYVND 2 , 9\NRU\VWDQQLD PXOW\PH
WD SHGDKRKLFKQ\NK SURKUDPQ\NK SURGXNWL
7HDFKLQJ OXOWLPHGLD )DFLOLWLHV DQG WKH :
3K\WLFV@ 2 , 2UGDQRYDMND\ WIHGOKRK ILFKAQRUQ
WHNKQRORKLL }IE6XPDXNI\GDYQ\WVWYR 6XP'3
$ 6 ODNDUHQN®DLR +6 ,Q 8NUDLQLDQ

SHFHLYHBULO LQ UHYIOWAG IRUBFFHSWH
0D\
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BkihevahhZgbgnhjfZpbhgguo | _ogheh]bc
\ h[mg_gbb kim~_glh\ gZ dZn_*j_ ijhi_~_\lbdb i_~
H” _kkdh]lh gZpbhgZevgh]h f_~bpbgkdh]h mgb\_j

Gz~ _"~Z :e_dkzZg”™jh\gZ GbdblbgZz
?dZl_jb@Zlhev_bgZZeZrgbdh\Z <blZebc GZmfh\bg Dm
DzZn_"jZ ijhi_~i\lbdljbb
H~ _kkdbc gZpbhgZevguc f_~bpbgkdbc mgb\_jk
i_j<Zeboh\kdbE"_KkZ MdjZbgz
QLNLWLQDQDGRF#JPDLO FRP

:gghlZpby P_eb bkke_ "~h\ZighygzZebabjh\Zlv jhe
bkihevah\Zgby bgnhjfZpbhgguo | _ogheh]bc \ ih\ur

h[mg_gby kIm~_glh\ gZ dzZn_7j_ ijhi_~_\lbdb i_"bz
AzZ~Zgb bkke_"hipggdb¥klb gzZbmgadhfZpbhgguc ihbkd
ebl_jZImju ih ijbf _g_gbx bgnhjfZpbhgguo | _og

h[jZah\Zl_evghf ijhp_kk \ \ukrbo mqg_[guo az\_~
ZgZeba wnn_dlb\ghklb bklhevah\Zgby bgthprbhgg

q_[ghfijhp_kk_ gz dzn_7j_ijhi_~_\Ibdb H[tbdlljbb F
bkke_"h\lgbryp_kk h[mg_gby kim~_glh\ debgbg_ kdhc
©ljhi_~_\lbdz i_"~bZljbb?® k bkihevah\Zgb_f bgnl
| oghehllgc™f | bkke_ ~hWZlgdwyhjfZpbhggu_ | _ogheh]b
mqg_J[ghf ijhp_kk_ gZ dzZn_7j_ ijhi_» \Ibdb i_"bzl|
J _amevliZlu bkke_"gZngbZ/n_"j_ |jh|_"_\|bdb i_"bZ
H~_kkdhlh dgZepmgihdh f_"~bpbgkdh]lh mgb\_jkbl_I1Z ~ey
dZzq_kI\Z ih~lhlh\db \jzgz \ ijhp_kk_ h[mg_gby h
bghkljZgguo kIm~_glh\ Zdlb\gh ijbf_gyxlky bgnl
h[jZzah\Zl_evgu_ b h[mqgZxsb_ | _ogheh]bb dhlhju_
hk\h_gb_f f_Ih~h\ dlepgbrygkled *h\zZzgby iZpb_glZ ih\t
mjh\_gv ijhn_kkbhgZevguo agZgbc gZ\udh\ b mf_g
nhjfbjh\Zgbx ebgghkliguo b *_eh\uo dZg_kI\ [m"ms_
p_ehf \_~ | d khpbEghthg kdhfm ijhp\_IZgbx JhkmAZ

Dexq_ \u kemb@nhjfzZzpgbhg |_ogheh]bb ijhi_~_\ItL
i_"bzljbb

1$ 1LNLWLQPD.DODVKQLNRYXNXVKNBYH RI
LQIRUPDWLRQ WHFKQRORJLHV LQ WKH WHDFKLQ.
3URSDHGHXWLFV RI 3HGLDWULFV DW 2GHVVD 1D\

$SEVWUDKRHALP® RI WKH UWVIH@DGEW LV Rl WKH U]
LQIRUPDWLRQ WHFKQRORJLHV LQ LPSURYLQJ WK
'HSDUWPHQW RI 3URSDHGHXWLPBHRH B GK DRE WIHH
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DUH WR FRQGXFW D VFLHQWLILF DQG LQIRUPD
LQIRUPDWLRQ WHFKQRORJLHV LQ WKH HGXFDW
LQVWLWXWLRQV DQG WR FRQGXFW DQ DQDO\VLV
WHFKQRORJLHVRIID W KSH RIBEKFWD \WW WKH '"HSDUWP
3HGLDWULFV RK2 IFOENGSFMW RV KHVSIGRFHVY RI WHD
WKH FOLQLFDO GLVFLSOLQH ©3URSDHGHXWLF\
WHFKQRDKRH LWXE MHF WV RW KHV X G WRHUFPKDQWRLARRY L H V
HGXFDWLRQDO SURFHVV DW WKH 'HSDUWPHQW
210HGIKH UHMXWKH VWXQGR UPKOMWLRQ HGXFDWLRC
WHFKQRORJLHYVY DUH DFWLYHO\ XVHG IRU WKH SU
VWXGWRWWSURYH WKH TXDOLW\ RI GRFWRU W
B3URSDHGHXWLFV Rl 3HGLDWULFV Rl 2GHVVD 1D
WRJHWKHU ZLWK PDVWHULQJ PHWKRGV RI FOLQL
OHYHO RI SURIHVVLRODG DERDPOWGHN ¥RQOQME
SHUVRQDO DQG EXVLQHVV SURILFLHQF\ Rl WKH |
WR VRFRRRPLF SURVSHULW\ Rl WKH VWDWH

H\ZRUG®IRUPDWLRQ WHFKQRORJLHV SURSDH

$11LOLD VHISOQU WRPHBQWSHGHXWLFV RI 3HGLDWUL
OHGLFDO 8Q LOYCHOULKLRWWUR G HV V D 8NUDLQH

( PDLOOLNLWLQDQDGRF#JPDLO FRP

Klj _fbl_evgh_ jzZa\blb_ kh\j f gghc f_~bpbgu gZij
k\g_"j_gb_f\h \k_ __ hljZkeb jZaebgguo bgnhjfZpbh
< klyab k \hajzZklzxsbfb Ij_[h\Zgbyfb d dhfi_I_gpt
ki_pbZebklz b ebqghklb h[ez”"Zxs_c¢c \ukhdbfb
dZzq_kI\Zzfb g_h[oh~bfufb 7“ey \jZq_[ghc ~_yl_evgh!
k_f_cghjgEqgz gz kh\j_f_gghf wlzi_ yl\ey_Iky \k_ [he_
fgh]lh]jZzgguf ijhp_kkhf H~”gbf ba ]JezZ\guo ZIjb[mIh\ ij
gZdhie_gbb gh\uo agZgbc k mqg_Ihf \k_]h fbjh\h]h
bgnhjfZpbhggu_ |I_ogheh]bb

GZ dzZn_"j_ ijhi_~_\lbdb i_"~bZlhbls Zp’b higkZddw gh ]t
f_"bpbgkdh]h mgb\_jkbl_1Z ~ey ih\ur_gby dZg_k
hl_q_kI\_gguo b bghkljZzgguo kIm”_glh\ Zdlb\gh
kh\j_f_ggu_ bgnhjfZpbhggu_ h[jZzah\Zl_evgu_ b
| ogheh]lbb Z bf_ggh

tdhfivxl_jgu_ h[mgZxsb_ ijh]jzffu \dexgZyxsb _
we_dljhggu_ mqg_[gbdb b I_klh\u_ kbkl_fu

th[mqgzZxsb_ kbkl_fu gZ [Za_ IfrnghkhflbddZ ID
\b~r_hl_ogbdb kj_"kIN\ |_e_dhffmgbdZpbb we_dl
f_kk_g~"_ju k_Ib h[f_gzZ ~Zggufb k bkihevah\Zgb
kzfhih~lhlh\d_ 1Zd bugzZadgykihyo b | @ >Hjl]ZgbazZphb
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kzfhklhyl_evghc jZ[hlu klm~_glh\ kzZfhih~]lhlh\dzZ |
Zm~blhjgZy jZ[hlz bkke_ fohzZl_evkdZy gZr
bkke_~h\zZl_evkdzy b | I1zd _ hkms_kl\ey_Ilky
bgnhjfZpbhgguo |_oghelZljblc hb#~rgv \Z gh hij_"_e
agzZqgbfhklv i_"Z]h]ld gZijZ\eyxs__ b dhgljhebjm
gZgZrh @

>ey ih\ur_gby dzZqg_kI\Z kzfhih~]hlh\db b kgb _ghb:
fZl_jbzZevguo azljzl gz dzZn_"j_ ijhi_~_\lbdb i_~bZlj
we _dljhgghc [b[ebhdbdhjkbl 1Z kha”"Zgu kZclu g¢gZ
ij_~klz\e_gu we_dljhggu_ [|_dklu mqf_[ldibdlg\ kdbo_|
ihkh[bc ij_a_glZpbb e_dpbc k[hjgbdb I_klh\uo
kbilmzZpbhgguo az”~zq > @ Khljm~rgbdzfb dz
we_dljhggu_ \ZjbZglu m|gZzfgulo kijh\uo az~Zgbc ij_~f_
hjb_glbjh\Zgguo ljiZnheh]lbg_kdbo ko_f kh”~_j Zg
ijh]ljzffguo jhe _\uo b]j b kbImZpbhgguo az”zZq i
"bkpbiebgzf |Ijb wlhf kilm”_glu bf_xI \hafh ghklv h
agZgby b dzZq_kI\h ih”Alhlh\db ldn az gwdb X f_aydg [eZ]h”
ijhljzffzf wlzigh]l]h b blh]Jh\h]h I_klbjh\Zgby ih mqg_
bamqgz_ fuo "bkpbiebg

GZ Zm~blhjguo azZgylbyo kim”~_glu hljZ[Zlu\Zx] ¢
khklhygby [hevgh]h j_[_gdZ b mf_gb_ hdZazZgby g_hl
ihfhsb ijb jzZ[hl_mlkyfzfb \ dhfivxl_jbabjh\Zgghf d
kbfmeypbhgghc f ~“bpbgu

Hkh[h_ \gbfzZgb_ m”_e_gh bkihevah\Zgbx bagl
I _ogheh]lbc ijb ih”~]lhlh\d_ gZmqguo jZ[hl \ jZfc
bkke_~h\zZl_evkdhc jZ[hlu kIm~_glh\ dhlhju_ iha\he
j_amevlZlu bkWdee®kdhc ~_yl_evghklb gZ jZaebqgu
ijbgbfZlv mqzZklb_\ f_"“mgZjhfgdid qgzkddpghklm” _gqg_k
dhgn_j gpbyo WIh \ agzqbl_evghc kl_i_gb jZkrb
ihagZgby b kihkh[kI\m_I gzZ\udzf f_""mgZjh~gh]h h[s.

H”gZdh djhf_  fZkku _eélglhiobl wnn_dIh\ ijbf_g_

gh\_crbo bgnhjfZpbhgguo | _ogheh]lbc bf_ | b g_]Z_Ii
Lzd fgh]lb_ kim~_glu \ ijhp_kk_ ih~]lhlh\db d azZgylt
bkihevah\zZlv ~Zggu_ ba Bgl_jg_lI ljb wlhf hghb

kdjmime_agh ih”oh”yl d hp_ddh bXihgvaag f

jZkkfZljb\zZxl ihke_~gbc k lhgdb aj_gby gZebgby \ g_
hrb[hd WIh k\yazZgh k I_f qglh ~ey hjb_glZpbb \
bgnhjfzZpbb g_h[oh”bfh \ezZ”_gb_ nmg~*Zf_glZevgl
hkh[_ggh gZ fezZ”~rbo dmjkZo HIf_gdhikgbglpzakibe
mg_[gbdh\ \ we_dljhgghf beb i_qgzZlghf \ZjbzZglzZ
ih~"f_gylvky hk\h_gb_f ~Zgguo \ Bgl_jg_I| [Ijb wlhf
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"he _g \uihegylv jhev ©nbevljz2 ijb ihemqg_gbb
g_h[oh”~bfuo agZgbc > @

ljhn_kkby \jZgZ g _fukebfZz drlmo\ebqghkliguo dZq_
khkljz~Zgby khi_j_"b\zZgby dhjj_dlgh]lh ih\_~_gby k
jh~kI\_ggbdzfb q_fm g_evay gZmgblvky |_hj_Ibqg_kd
fmey Zfb Nhjfbjh\Zzgb_ ~_hglheh]lbg_kdbo ijbgpbil
[hevguf g_\hafh ' gh \ hljjddlblgl_kdhc jZ[hlu kim”*_g
klZzpbhgzj_ < k\yab k wlbf \hijhku ih~]hlh\db [m~*
bkihevah\zZgb_f ebggh]h debgbq_kdh]h hiulz (
ij_ihrz\zl_ey ~ _fhgkljbjmxs_]h gZ\udb h[s_gby k iZ
jh~kIN\_ggbdzfb mf_gb_ h[ke_MnhjEéwghFrewbgh] |j_[mx
ih~jh[gh]lh h[km ™~ _gby b ZgZebaZz

ljhp_kk “bZ]ghklbdb \ i_~bZljbb kljhblky gZ mf_gb
b kbkl_fzlbabjh\zZlv \uy\e_ggu_ ijb h[ke_"h\Zg
iZlheh]l]bq_kdb_ ~Zggu_ nhjfmebjh\Zlv b h[hkgh\u\Z
ihjz" _ggubkbkl_fZo b hj]JZzgzZo Bl]ghjbjh\zgb_ Iljz~
km[t_dlb\gh]h b h[t_dlb\gh]lh h[ke_"~h\Zgby iZpb_gl
"bZ]lghklbdm hkgh\Zggmx gZz j_amevlZlZo e’
bgkljmf_glZevguo bkke_ _"h\Zgbc Kk ihke_"mxs_c
h[jz[hldhc fZl_jbZeZz hijjh\dzegh gZ

Q_eh\_g_kdbc nzZdlhj \ kha”~Zgbb bggh\Zpbb __ k
b hiI\_IkI\_gghklb aZ ihemq_ggu ijj gmfewlzZhuklZihky
\Z'g_crbf > @ FZrbgZ h[jZ[hlZ_I Ihevdh I_ ~Zggu_

aZljmabl g_eh\_d

lhwlhfm gz dzZn_7j_ ijhi_~_\lbdb i_"bZljbb kIt
jmdh\h~kI\hf ij_ih~zZ\Zl_ey j_]Imeyjgh hk\Zb\zxl ijzdll
g_ihkj_~kI\_ggh ijb jZ[hl_ k iZpb_glZfb >ey kZfhih"]
k 2~ _Ivfb 7~ey klm~_glh\ ba”Zgu \kihfh]Zl_evgu_
fZl_jbeu ko_fu gZibkZgby bklhjbb [he_agb ijhlhdhe
b Zelhjblfu ijZzdlbg_kdbo gZ\udh\ ijbf_ju j_amevlZlh
b bgkljmf_glZevguo bkke_"~h\Zgbc jZal[hj dhlhj
ZgZeblbg_kdh_ fure_gb_ b ih\uirg*JlhihAdbk[vh*ms_]h
\ijZqZey hp_gdb nbabqg_kdh]h jZa\blby ~ | ¢ gZjy~r
ijh]ljzffhc ©$QWKi{b&RPamkikgbpu ey hp_gdb nbabq_k
ikbohfhlhjgh]lh jza\blby ~_1_¢c

Lzdbf h[jzahf jzZkkfhlj_ggu_ \ur_ \hijhku ih~]Jhlh\c
gZ dZn_"j_ ijhi_~_\lbdb iijbdZgjbdpbkf bgnhjfZpbhggu
I_ogheh]bc \ dhfie_dk_ k hk\h_gb_f f_Ih~"h\ debgbq_k
iZpb_glz ihalheyxl ih\ukblv mjh\_gv ijhn_kkbhgZe
gZ\udh\ b mf_gbc b kihkh[klI\mx|l nhjfbjh\Zgbx el
A _eh\uo dZg_kI\ [m"ms_]h \jZqZz
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Kibkhdkihevah\Zgguo bklhggbdh\
=hkljblF Fe "bkpbieegZjgZ dhgn_j_gpey yd -g
nhjfz \ hjlZgeaZp-£€ gzZ\qZevgh]h ijhpd kKm
DZeZrgedhdlZ GedelGd¥z AZ[_ai_qgq_ggy ydhkle \bsh€
ijh[e_fb 1Z i_jki_dlb\b jha\blddaeb dZhidhhAhbqgh€
dhgn_j_gpe*€ ijhn\bldjg&Zdhpvdh]hHtle A% HG?M
+K

=hkljbdF Hkh[_gghklb ij_ih~"Z\Zgby ijhnbevguo *
Zglehyauqguf kim~ _glzf . F=hkl®hdblGgZz
DZeZrgbdhiZz AZ[_gigyg ydhkle \bsh€ hk\elb ijh[e.

i _jki_dlb\b jha\bldm fZl_jeZeth "ol \ldhgn_j_gr
ijhn_khjkYdtdez~"Zpvdh]h «kide Zk kv HG?M K

BkfZz]lbek\B ,lF_ogheh]bb \ h[jZzah\Zgbb = BkfZ]be
GZ[bmeeMdZ Bggh\ZpbhggZy gZmdzZ =K

DZeZrgedhlZ F_Ih~ fe '"bkpbieegZjgh€ dhgn _
egl_jZdlb\gZz nhjfz \ hjl]ZgeaZp-£€ gZ\gZevgh]
DZeZrgedhlZz KIZj HWH GedeGelg Z FZI_jeZeb O1¢
Fe'gZjhrgh€ gZmthblggh€ dhgn_j gp*€ O©OMijZ\e+gg
ie"]hlh\db nZoe-\pN\2 k4 d\elgy j £tH"_kZ HA kvdZ
N jtzZNgZ Zdz™_fey [m2e\gbpl\Z 1Z ZioQEZ Idnyjdx
K

Gbdblb@Z Ijh[e_fu h[mq_gby bghkljZgguo klim~
da_~j_ ijhi_~_\lbdb i_~bZljbb G :Gbdwlbj®h
DZeZrgbdhiZz FZI_jeZeb O10 Fe gZjh’%ghE" lgggieEh\h
dhgn_j_gpe+€ OMijZ\eeggy ydeklx ier"]hHAdbZnZoe\p-\

d\elgy j £ H”_KkZH”_kvdzZ ~_j zZ\gZ ZdzZ"_fZ4 IAn"-\g
Zjoel_dimjb +QZklbgZK
JhfZzgdh\Z BgnhjfZpbhggu_ | _ogheh]bb \ h[jZa

Jhfzgdh\Z Lblh?B Fheh"hc mq_gtc =K

S5HIHUHQFHY WUDQVODWHG DQG WUDQ\

+RVW2UON OL]K8WV\S O NRDUIPWH QWNQW EUDN W\ Y
IRURR UK D Q R]IYWAKLDSOUZRRKNRE WX G L \FIRLCS! O DHERF \H
LQWH U DEEWA. W K R U JD Q L ] MALIRKDG X F D WILUIRREHO/ V
+RVW2UON.DODVKQLNRYNLWRQD=DEH]S H FWHNRYMDL
Y\WKFRRYL®WU R E OMBPN UV S HINRY Y WRDXW H QIDDXONR Y R
PHWRG\RRXR H U B Q RHMR\N\DNDRG D WN § B4& XG H VD
21(8 +6 ,8BNUDLQLDQ

*RVWSUQL N 2VREHQ GRMVBRGDSDRLLMGLNVKVFLSO
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D QJOR L D]VRKQG PHGI\ BVAR MWHHWD FKUL R NLDOBHVIW RO L V K
V'S HDNVOX @H ORWVMSUL N ILNLWISQDDODVKGLNRYD
=DEH]SH FIOHRNGRYMDK FRWRY. LSVAR E QWER\U V S HANRJY YW N X
PDWHUQDR®NRNW R G\FMR®IH U QR MH\R\WDNDRG D W V N F
VNORBXHVYD(8 +6 ,BXVVLDQ
,VPDJLORYPWHNKQRORJLL Y REHFX(@RORLLH
HGXFDWLRQ@* .,VRDELORORLQDQQRYDWBKXROQQDL
+1R  +6 ,Q 5XVVLDQ
.DODVKQLNRYDHWRG PL]KG\WWV\SOLQDUQF
LQWHUDNW\YQD IRUPD Y RUKDQL]DWVLL QDY
LQWHUGLVFLSOLQDU\ FRQIHUHQFH LQWHUDFWL
HSXFDWLRQDO SURFHV$@ 6WDRG®DWKONNRYQD
ODWHOLUMQIKQDURG QFPHYRENRK@RL NRQIHUHQW\
\DNLVWLX SLGKRW R Y2N\HMIN K NYWW QY PG HV D
2GHVND GHU]KDY QD \DWDAGY-IP MLID [EXNEHIKVD A MWK \
+6 ,Q SNUDLQLDQ
ILNLWBQBUREOHP\ REXFKHQLLD LQRVWUDQQ
SURSHGHYWLNL SHGLDWULL >3UREOHPV RI WHDF
RI 3URSDHGHXWLFV Rl 1I3MAGUDQO 6RDEHW F
.DODVKQLNRYDODWIOUODQKQDURGQREHQWRGIRK R R
NRQIHUHQWVLL ©8SUDYOLQQLD \DNAG/AWIX SLGKHF
NYLWQLD + 2GHVD 2GHVND GHU]KDYQD DNDGH
DUN KXWHN W& KD VW @D ,Q 5XVVLDQ
SRPDQMRYYD ,QIRUPDWFLRQQ\H WHNKQRORJ
> QIRUPDWLRQ WHFKQRORJLHVS$LE) HGMFRDWDLRQ
ORORGRL XFKHEMNR +6 ,Q 5XVVLDQ

S5HFHLYH®&SULO LQ UHYLVHG IRUP $SUI
0D\



GZre Z\lhjb

GZre Z\lhjb

jfZr L_lygZz K_jl*€V\gZg d klZjrbc \bdezZ~Zgq dZn_
fzl_fzlbdb 1z f_Ih~"bdb €€ g9gZ\gZggy Djb\hjeavdh
i_~Z]lh]leqgh]h mge\_jkihljeym 1Z f _ lh~rbdZz gZ\gZg
fzl_fZlbgqgbo "bkpbieeg m \bsec rdhe-

;Zamjeg <elZeec FbdhieZ2gh\bdpdgh_~jb ijhn_kecght
hk\elb 1Z dhfifxl_jgbo |_ogheh]ec =emoe\kvdh]h
i_~Zlh]leqgh]h mge\_jkbl_Im «f_ g« HeidkKzgfmXzyglgly g
jhajh[dZ dhfifxl_jgbo fh®” _e ¢ neabqgbo y\bs

;h[be}\ >fbljh /\]_ghlibfg d klZjrbc \bdezZ” gy dZn_
fzl_fzZlbdb 1z f_Ih~bdb €€DjdXhgZoghh]h ~_j Z\gh]
i_~Z]lh]leqgh]h mge\_jkhljeym 1Z f _ lh~"bdZz gZ\qZg
fzl_fZlbggbo "bkpbieeg m \bsec rdhe-

;h[je\gbd DzZI_jbgz /\]_d+§gzZ Zkthkl_gl dzZn_7jl
egnhjfZpecgbo kbkl _f GZpehgZeMghldZg@pdbojkkbogheh
_e_dljhgges aZzkh[b gZ\gqZggy

yh"gZj Eeeey <ZkbieAgz ~dp_gl dZn_"jb +ggh\Zp
| _ogheh]ec 1Z f_Ih~"bdb gZ\gqZggy ijbjh*gbgbo ~

©l*\*_gghmdjzZz€gkvdbc gZpehgZevghbc i_"Zlh]eqg
of D> Mrbgkvdh]hhkee~"_ggy -egnhjfZpecgbo o0Zjzdl.
jeagbo fhlgbo ]jmi 1Z ydhkle i_j _deZ”m e<l_jZImjgbo

yhhgZj LZekey Fbdhez€\gZz klfd?_ a4 1b gelalhd h
nZdmevl_Im >A ©le\*_gghmdjZ€gkvdbc gZpehgZe\
mge\_jkbl_I <«f gMribgkvdh]HA”* _ex\Zggy egnhjfZpec
| _ogheh]-€

;hg~Zj_gdh E«gZ 1]1hjdgZ*hep _gl ~hp_gl dZn_"jb n
I_ogeqgbo kbkl_f [Z egnhjfZlbdb >A ©EmM]Zgkvdb
mge\_jkbl_| of _ge LZjZkZ RgR\ZmecEZfn i_~Z]h]ep-

;hg”"Zj_gdh GZIlZey <hZh/kbdfbje\gg rMzZabfdhibgghlh
nZdmevl_Im >A ©Ole\*_gghmdjZ€gkvdbc gZpehgZe\
mge\_jkbl_I <«f gMribgkvdh]HA* _ex\Zggy egnhjfZpec
| _ogheh]«€

;jdZ\kvdzZz He_gz 1zZ\eAg@z ®Hhp_gl "hp_gl dZn_
eggh\Zpecgbo |_oghehhé¢ddb gzZ\qZggy ijbjh*rgbqgbo ~t
>A ©le\" gghmdjZz€gkvdbc gZpehgZevgbc i_"Z]h]eqgl
D> Mrbgkvdhih®_ex\Zggy e<gnhjfZpecges |I_ogheh]-€

;mavdh <edlhjey E_Hgéfge\g\fybtd ev neabdb DhfmgZe
azdeZ”m ©GAwmbheygh h[T}*gZggy < ©OKi_peZe-
aZlZevghhk\elgy ,ndhkbmi,_g+\ p_glj _kl_Ibggh]lh \b
©GZlog_ggy? Dejh\h]jz*"kvdh€ fekvdh€ jZ~b Dejh\h]
ijh[e_fb ~b”rZdlbdb neabdb «drfim§ZdZpgbges [I_ogheh



,661 Gh\elge dhfifxl_jge | _ogheh]«£€ L;9,

gZ\qZgge* neabdb

<Zlkev}\ He_ ] Xjech\bqg kImfZlglfAkadpghlh nZdmevl_
Djb\hjeavdh]h ~_j Z\gh]h i_"Z]h]+qgh]hg klgmx\jkddylm
fedjhdhgljhe_jb

<e0jh\Z He_gZ <edlhijeAgZz ~hp_gl N dZg neal
fZl_fZlbggh]l]h nZdmevl_Im Djb\hjeavdh?E]H]sjd@hgt]l
mge\_jkblflih~bdZz gzZ\qzZggy fzIl_fzZlbdb ofZjge |_o
hk\ele

=Z[ K\elezZzgZ K_j]*€\gz kol _fgllboaghjhh nZdmevl_
Djb\hjeavdh]h ~_j Z\gh]lh i_"~Z]lh]Jeqgh]Hh_hnjegye\ ¢jkbl
f_ Ilh"bdZ gzZ\qZggy fzZl_fzZlbdb fzI| Z&tbqghhclhZi
gZ[eb  _gbo h[gbke_gv

=hem] He_dkzZg”j 1\Zgh\bq kfmh _f@llbgrgeeind h
nZdmevl_Im Djb\hjeavdh]h ~_j Z\ghlh i_~Z]lh]eqgh
dhfifxl_jgzZ ]jZnedZz ijhljZzfm\Zggy rimggbc e<gl.
fhr _ex\Zggy

=hjeh :ggZ FboZcee\gdeaddd_¢gZXIbgghlh nZdmevl_
Djb\hjeavdh]h ~_j Z\gh]h i_~Z]h]eqgh]h_ImgrdZjkbl
gZ\qZggy *gnhjfZlbdb 1DL \ hk\els

=hjhoh\ <elZeec <edlhjh\bg kifiZN_@gZ 1 bggehd td h
nZdmevl_Im >A ©le\*_gghmdjZ€gkvdbc gZpehgZe\
mge+\ _fjkb <f ge >DIrbgkvdh]HA” _ex\Zggy egnhjfZpec
| _ogheh]«€

=hkljbd He_dkec FZjdh\bg “hgp_gl ~hp_gl dZn_
_dhghfegqgh€ de[_jg_Ibdb H~_kvdh]l]h gZpehgZevgl
mge\_jkblfhim ex\Zggy ijh]Jgham\Zggy nhg”*h\e |1Z \Ze

=jb[dh\ K_jlec <elZeedhdbqg “hdp_gl ~hp_gl dZn_
egnhjfZpecgbo kbkl_f GZpehgZevgbc mge\_jkbl_| 0Z
_e_dljhgge aZkh[b gZ\gZggy kbkl_fb ie”ljbfdb ijbc
Zelhjblfb dhe_dlb\gh]lh jhamfm _\jbklbgge f_Ih*b hil

=jmglh\Zz L _lygZ <Zkbees\gZz Zkbkl_gl dzZn_"jb
©Djb\hjeavdbc gZpehgZevgbc kzdgh\klpiclgiZz12jh[hlZz
kim~_gle\ Zdlb\eaZpey icagZ\Zevgh€ ~"eyevghkle Kk
gZ\qZgg-

>Zgbevgmd =ZggZ ;hjlgke\&XZjrbc \bdeZ"Zq dZn_
fhr _exdgy _dhghfedb . [*ag_km Q _jdZkvdh]h |
mge\_jkbl_Im «f_ge¢ ;h]~ZgZ Of<ehdghbypdahhlZo\pe\
_dhghfedb

> j_azZ 1jbgz K_jlie€\gZ kdZjrbc \bdezZ”"Zq dZn_
fzl_fzlbdb + f_lh~"bdb €€ 9gZ\qZggy Djb\hjeavdh
i_~Z]lh]elJqgmge\_jkbll_Hmy  f_Ih~"bdZ gZ\qzZggy fZI_fZ
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1DL \ gZ\gZgge fZI_fZlbdb kZfhhk\elgy ~eyevgeklv ki
>hgq_\ 1\Zg 1\Zgk\bdg*hg_gl ~hp_gl dZn_"jb eggh
| _ ogheh]ec 1Z f _Ih~"bdb gZ\gqZggy ijbjh*gbgbo ~
©le\" _gghigpklydc gZpehgZevgbc i_"Z]h]leqgbc mge\
D> Mrbgkvdhifh® _ex\Zggy -e+gnhjfZpecge | _ogheh]«€
>m~gq_gdh >fbljh FbdheZch\bg kIm”~_gl nZdmevl_|
| _ogheh]ec ><GA ©Djb\hjeavdbc gZpehgZevgbc
egl_e_dimzZevges kbkil_fbpe_gjhjljZfm\Zggy fh”~_ex\Zg

/lgdZeh Xeey <heh”bfbjAgz ~dp "dp_ogdZn_"jb
neabdb ><GA ©Djb\hjeavdbc gZpehgzZébdbm mgdigZgo
neabdb kim”radde\Ab<sh€ hk\elb

AZlhjhAvdh 1Z\eh <heh”bfbjh\bq f@MZIplggorpbdh
nZdmevl_Im Djb\hjeavdh]h ~_j Z\gh]lh i_~Z]h]eqgh
ijh]jzfm\zZggy fedjhdhgljhe_je\

Aeghghk GZlZey Heidkg€\glZjrtbc \bdez"Zq dZn_
\bsh€ fzZIl _fZlbdb ><GA ©Djb\hjeavdbc gZpehgZevg
| _hjey o f _Ih"bdZdighgme€ hk\elb Z~ZilZpey egha_fgbo
“h \b\gzZggy fzZzl_fZlbggbo "bkpbiesg

1\Zgh\z He gZ :gZlhees€\gZ kflzd " fglbggkalb dh
nZdmevl_Im Djb\hjeavdh]h ~_j Z\gh]h i_~Z]HBgg\h]h r
hk\ele

DZeZrgedh\Z DZI _jbgz :gZlhe€\gthp dyl “hp_gl
dZn_"jb ijhi_~_\lbdb i_neZlje€ H"_kvdh]h ggZlhehgZe
mge\_jkblf _ImbpbgzZz i_~Z]lh]edZ

Dbkeh\zZ Dzl _jbgzZ :g”je€\gZ klm~_gl GZpehgZe\
mge\_jkbl _Im MdjZ€gb ©Db€\kvdbc iheel _ogeqgbc -
Kedhjkivlht#hees]jZneqge ijhp_kb fZl_fZlbgg_ fh"_ex\Zdg

Dbkeh\Z FZjey :ecfe¥’ggZz Wbdez”Zq pbdeh\h€ dhfeke:
fzl _fZlbqgbo ~bkpbieeg Djb\hjeavdh]h dhe_"~"m
Z\eZpecghlh mge\_cjkibhjidhpedghmgedZpecges |_ogheh]
hk\el$tZzl _fZlbgg_ fh™_ex\Zggy

Dh\Zevh\ He_dkzZg”j K_j]lech\bq fEImMZIblgghbdl
nZdmevl_Im Djb\hjeavdh]lh ~_j Z\gh]h i_~Z]h]le[qgh]h
ijh]ljZzfm\Zggy Ze]lhjblfeaZpey

Dhl\lmg :gZklzZkey <Zkbee\gZ kIim~™_gl nZdmevl_In
ijhn_kah€ hk\elb =emoe\kvdh]h gZpehgZevghl]h
mge\_jkbl_Im <f _ge¢ He_dkzZgnNja]jZim\Zgdd jhajh[d.
dhfifxl_jgbo fh”_e_c¢c neabggbo y\bs

Dhjhevkvdbc <heh”bfbj <edldjhiihlgn_dhj azZle m\]
dZn_"jb fzI_fZlbdb 1Z f_Ih~pgdbDEE\gjAagydyp]lh ~_j Z\gl
i_"Z]lhleggh]lh mge\f4kbflZlIlmmgbc ZgZeea f_|h”*"bdZ gZ
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fZI_fZlbgghlh ZgZee+sam

Dhkhezih\ :gZlheec :jdzZMNegh\bghn®khj ijhn_khj
dzZn_"~jb _e _dljhggbo h[gbkex\Zevgbo fZrbg >g-ij
gZpehgZevgh\lhkimlgIm azZeeagbqgghlh IjZgkihjlm «f_g
< EZaZjygzkbkl_fb rimqgghlh egl_e_dlm ijh_dli
egnhjfZpecgbo kbkl_f ogh®h]e€ kbkl _fb ~bklzZgp-
gZ\qZggy

Dhih\ 1]hj :gZlheech\@pg ~"dp_qgl “hp_gl dZn_
fh~r _ex\zZggy 1z ijmhzfaz[_ai_gq_ggy ><GA ©Djb\h
gZpehgZevgbc mge\egkbd d4mzZevge kbkl_fb \ _g_j]
ijhljZfm\Zggy fh"_ex\Zggy

Djzkghshd :g”jec <Ze_jeichN\dqg ~"thp_gl dzZn_7jb
khpeZepMghzgelZjgbo "bkpbieeg Djb\hjeavdh]h |
>geijhi_ljh\kvdh]lh ~_j"Z\gh]lh mge\_jkbl_In_\gmijergec
f_Ilh~"bdZ ijhn_kecgh€ hk\elb eklhjey i_"~Z]h]edb

Dmdmrdeg <elZeec GZmfo\bad*h@ gl "hp_gl dZn_
ijhi_~_\lbdb i_"eZlje€ HA_kvdh]h gZpehgZevgh]h f_"Db
f_"bpbgz i_"Z]h]edZz

Eh\fygh\Z 1jbgZ <Zkbég\gzZz*hp gl ~hp_gl dZn_
fzl_fzlbdb 1z f_Ih~"bdb €€ g9gZ\gZggy Djb\hjeavdh
i_"Zlh]leqgh]lh mge\_jkjply lmf_Ih*"bdZ gzZ\qZggy fZIl_fzZI
k_j_~gec IZ \bsec rdhe-

FZahoz >fbljh \lZdeh ZkiejZzgl dZn_"jb _dhghf
de[_jg_Ibdb Db€\kvdh]h gZpehgZevgldhyghflggh]he\
mge\_jkbl _dimghffdh fZlbgqg_ fh~_ex\Zggy kdezZ”~gbo Kkl
_dhghfeqgbo kbkl_f

F_evgbqg_gdh Xeey :gZlhees€\gZ fmfZiglgghrpbdl
nZdmevl_Imhjpabdh]h ~_j Z\gh]lh i_~Z]lh]leqgh]h mc¢
|_hjey o f_Ih~*bdZ gzZ\gzZggy fzZl_fzZlbdb 1Z gnhjfZlbd
aZlZevgh€ k_j_"gvhELhk\rkbel-

F_jaebdeg He_dkzZg”j <hehidAbfmjh\Bgbldev neabdl
Djb\hjeavdh]h gzZ\gatwghh ehdikm < ©=-dgzacy
Zdz”~_feqghlh kijyfmadEZgjgy2 | _ogheh]«€ gZ\qZggy
\bdhjbklZggy |I_ogheh]«€ "hih\g_gh€ j_Zevghkle \ k_j

Feglec 1jbgz K_jlE\DZ dhp_ gl Ahp_gl dZn_
egnhjfZlibdb 1Z ijbdez~rgh€ fzZI|_fabdiblhDjb\phjZ\gh]h
i_~Zlhleqghlh mge\_jkbh b Z gZ\gZggy e*gnhjfZlk
ihje\gyevgzZ i_"~Z]h]edZ 1DL \ hk\els

Fhek_}gdh FboZceh <edlhjh\bgqg klZjrbc \bdeZz’
egnhjfZlbdb 1Z ijbdez~gh€ fzZl_fzZlbdb Djb\hjeavdh
i_"Z]lh]leggh]lh mglmijkbjlzfm\Zggy fh”_ex\Zggy n-ea
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kbkl_f f_Ilh~"bdZ \bdezZ”Zggy *gnhjfZlbdb

Fhek }gdh GZlZey <heh~bmfbjg\gZz~hd_gl “hp_g!
dZn_"jb egnhjfzlbdb 1Z ijbdez”~gh€ fzZIl_fZlbdb |
AN _j7Z\ghlh i_~Z]lh]leqgh]h nfg\ e kbZ glgy* &klde &bkl _f
ijhljZzfm\zZggy dhfifxl_jgZ ]jZnedZ aZobkl <gnhjfz
\bdezZ”Zggy *gnhjfZlbdb

Fhrdh\ leey >fbljh\bq kimfZiglfAbadgin]lh nZdmevl_
Djb\hjeavdh]h ~_j Z\gh]h i_~Z]h]eqghijh]j@dm\Z gy In
fedjhdhgljhe _je\

Fmdhligldh Hev]Z :gZlhe<€\gZ \gbl_ev sgnhjfZlbdb
aZzdeZ"m OFZjemihevkvdZ aZ]Zewfhhkllygy_ gdhezZ
FZjemihevkvdh€ fekvdh€ jZ”*b >hthvekh €. drheZZlelaZ p o4
klbkg_ggy “"Zgbo m\g@ahggefmghijhp_ke kbkl_fbh&€hfifx
fZl_fzZlbdb gZ mjhdzZo fzl_fZIlbdb |Z «gnhjfZibdb

Fmjz\evh\ :g”jec >fbljh\bg Lmglegdkm Djb\hjeavdh
gzZ\qZevVvigdhh\gh]lh dhfie_dkm <« e@p « tg ZaZ™ feqgh]
kijyfm\Zggym?fifxl_jg_ fh~r_ex\Zggy f_oZgeqgbo ijhp_k

GedelegZ GZNeyg"ieagdkZd g A“hp_gl ~hp_gl dZn_
ijhi_"~_\lbdb i_"eZlje€ H~_kvdh]lh gZpehgZevgh]h f_"b
f_~bpbgzZ i_"~Z]h]edZz

Ghkdh Xeey FbdheiZ€gZ “dp_gl dZn_"jb ~hrdeevg
ihgzldh\h€ hk\elb Q_jge]*\kvdh]h gZpebgBEvgh]t
mge\_jkbl_Im «f L = «Rdexahgz hk\elZ jhalblhd jr
ydhkl_c

Hf e _qdh /\]_g :gZlheech\bg kIm”~_gl nZdmevl_Im
ijhn_kecgh€ hk\elb =emoe\kvdh]h gZpehgZevghl]l
mge\_jkbl_Im +f_ge He_dkzghjhljZiWtggdZ jhajh[dZ
dhfifxl_jgbo fh”_e_c¢c neabggbo y\bs

HiZjeg :gZlheec <heh”bfbhjhp\bgjhd_khj gZqgZevg
Fhj_oergh]lh dhe_~"m |_ogeqgh]h nehlm GZpehgZev
©H~M _kvdz fhjkvdz 2dBhjffApsdghmgedZpecges |I_ogheh
hk\ele

Hj’Zgh\kvdZ He_dkzg”*jzilthjg\gZ22hp_gl ~_dZg ne-
fzl_fZlbqgh]h nZdmevli_Im “hp_gl dZn_"jb eggh\Zp-
f_Ilh~"bdb gzZ\gZggy ijbjh*gbgbo ~“bkpbieeg >A O©Ole\"_
gZpehgZevgbc i_~Z]lh]leqgbc mge\_jkbl_I <f_ge D
*ggh\Zpecg- hk\elge I_ogheh]e«€ f_lh~bdZz gZ\
fzl_fZlbgqgbo *“bkpbieeg

IbolegZz 19ggZ He_dkzZg”"je\gZz Kizh ~fAHllbgg ki dh
nZdmevl_Im Djb\hjeavdh]h ~_j Z\ghlh i_~Z]lh]eqgh
jh[hlhl_ogedz I6k\-QZ
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lejh]h\ <eZ~bkez\ chhbgezZIm"_gl fAtabalbbgghlh
nZdmevl_Im Djb\hjeavdh]h ~_j Z\gh]lh i_~Z]h]eqgh
rimggbc «gl_e_ dl

lhi_ev FZcy <heh”bfbjr\gg klZjrbc gZmdh\b:
kie\jh[elgbd \e~r*eem ofZjh hje}glh\Zgbo kbkl_f egnhj
lgklbiminhjtgmecgbo | _ogheh]ec ¢« aZkh[s\ gZ\gZggy
Zdz~_fe€ i_"Zlh]leqgbo gddjg Mdj@glydh]l-€ ofZjge kbl
kbkl_fb dhfiqxl_jgh€ fzZI_fZlbdb

ljbrZqzZz L_lygZ <ZkbieNgZ \dbl_ev fZl _fZlbdb
egnhjfZlibdb Djb\hjeavdh€ Ji-fyZ]d€kidigpecgZ i*~ljbfdZ
gZ\gZggy fZl_fZlbdb

Imjkvdbc He_] 1\zZghf\lygg ©Nhn_khj ijhn_khj dZn_
_dhghfeqgh€ de[_jg_Ibdb Db€\kvdh]h gZpehgZevg
_dhghfeggh]h mge\_jkihlghifdh_fZIbgg_ fh”*_ex\Zggy
kdez”~"gbo khpdhegnhdgeqgbo kbkl_f

JZdh\bg <heh”bfbj :gZlheech\bqg ZkiejZgl dZn_"jb
de[_jg_Ibdb F_eclhihevkvdh]h ~_j Z\gh]h i_~Z]lh]eqg!
*f_ge ;h]*"Zgz Of_evgpmprvdihehgZ ie”]1hlh\dZ ijh]jzZfek
ijh]jZfm\Zggy jhajh[dZ -]kj\ KRhZIdg\

JZr_\kvdZ GZlZey <Zkbeg\gZhm gl "hp_gl dZn_
\bsh€ fZI_fZIhdBA ©Djb\hjeavdbc gZpehgZevgbc m
\bdhjbklZggy fh[eevgbo egrhmifpigpd@gphcgbo | _ogheh
ijhp_ke gZ\qzZggy fZI_fZlbggbo *“bkpbieeg

JhfZs_gdDZl_jbgZz <heh”~bfbje\gZz eZ[hjzZgl |
*ggh\Zpecgbo | _ogheh]ec I1Z f_Ih~"bdb gZ\qgZggy ijbjh
>A O©ls\"_gghmdjz€gkvdbc gZpehgZevgbc i_~Z]h]eqgl
D> Mrbgkvdhlmg®ggh\Zpecge hk\elge I_ogheh]e€ f_Ih"Db
neabdhl_fZlbggbo “bkpbieeg

K_f_jedh\ K_jlec He_dkiechdbq ijHn_khj ijhn_khj
dZn_"jb egnhjfZlbdb 1Z ijbdez~gh€ fzZIl_fZlbdb |
A_j7Z\ghlh i_~Z]lh]eggh]lh migh\eykbZ fmh”rbdZ gZ\qZg
egnhjfZpedgfmgedZpecges | _ogheh]e€ \ hk\ele

Kbfzg K\eleZgZ FboZcee\gZ mqbl_ev fzIl_fzZIbd!
eep_X Ge'bgkvdh€ fekvdh€ jZ"b Q _jge]*\kvdh€ h[eZk
A j7Z\ghfm mge\_jkbl _le of ge FloghZethgghdbeygZ\qZc
ieZgef_ljo€ aZkh[Zfb dhfifxl_jgh€ ]jZnedb

Keh\Zd DZI_jbggz1iZ g “hp_gl “~hp_gl dZn_"jb
fzl_fZIbdbxGA ©Djb\hjeavdbc gZpehgZevglddDlmge\ j}
hk\ele

KexkZj_gdh FbdhezZ :gZlheesth\bdhpdgl “hp_gl
dZn_"jb neabdb 1Z f_Ih~"bdb €€ gzZ\qZggy Djb\hjea
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i_"Zlh]leqgh\hjkibde ffin® _ex\Zggy neabggbo y\bs IZ ijhp

Kheh\ch\ <heh”bfbj FbdheZcg\bgjhfh_khj azZle"m\.
dZn_"jb egnhjfzlbdb 1Z ijbdez”~gh€ fzZIl_fZlbdb |
A_j7Z\ghlh i_~Zlh]leqgh]h nfgé¢\_gkbdglgy kdeZ~gbo kbk

Kheh\ch\Z ydkheh”~bfbje\gZz d _ g “~hp_gl “~hp
h[eedm <« hih”Zldm\Zggy Db€\kvdh]h gZpehgZevg
mge\_jkbl_Im «f _ge <Z~bfzZ =_IvfZgZ Djb\hjeavdbc _dl
dhfifxl_jg_ fh~_ex\Zggy m i*~]hlh\pe nZoe\pe\
gZijyfdm

Khelm[ :gZlheec 1\ZghWng dedhly_kihg®_gl G:IG
Mdjz€gb d_je\gbd Ke¥*gihdh p_gljm dj_ZIb\gh€ i_~
dj_Zlb\geklv I\hjgeklv

Kl _iZzgxd He_dkzg”j FbdhezZch\bg Zkbkl_gl dzZn_"
I1Z ijbdez~gh€ fzZI_fZlbdb Djb\hjedydhjh~2]1lZdgh]h
mg-e\ kaluhr}qum\Zggy fedjhdhgljhe _je\ nhlhachfdZz

Kljxd :g”~jec FbdheZch\bg d i_"~ g “hp_gl ~h
fh~r_ex\Zggy IZ ijh]jzfgh]lh aZ[_ai_qg_ggy Djb\hjeavdh
mge+\_jkblofhjge | _ogheh]e€ 1DUhdpp\giAgdgwy 9Z\qZgg

egnhjfzZzlbdz | _hjey egnhjfZpe-£€ 74 dh"m\zZggy
ijhljzfm\Zggy

LzjzdZgh\kvdbc tghjec K_jlech\bqg ZkiejzZgl
egnhjfZpecgbo | _ogheh]ec GZpehgZevgh]l]h mge\_jl

fhjkvdz zdz~hfAygx\Zggy ijhlgham\Zggy

LdZgmeddlhjey <Zkbat\dgd klZjrbdbdez~Zq dZn_"jb
*g°_g_jgh€ i_"~Zlh]ledb 1Z fh\gh€ ie”]hlh\db ><GA
gZpehgZevgbc mgefhjkéVvgk? 1DL 1DL \ hk\ele egnhj
"bkpbieegb ijhn_kecgZ ie"]hlh\dZ]tg*\g_j-\

LdZgmd =%dledqz2bfbje\giZ*gl ~hp_gl ~hp_gl dZn_
egnhjfZlbdb 1Z egnhpfZfimgegthZpecgbo | _ogheh]ec MfZ
AN jZ\ghlh i_~Z]lh]leqgh]lh mge\_jkbl_Im <« rghlhXbzZ Lt
fZc[mlgeo mqgbl_e<s\ egnhjfZlbdb \ijh\Z~" _ggy 1DL
ijhp_khagjh[dZ hk\slgeo j_kmjke\ ijh_dIm\Zggy hk\elgv
aZzdeZ"m \bsh€ hk\elb

ijmk Xjec <ZkbevihVbgy “4jhn_khj azZ\e"m\zZq dzZ
dhfifxl_jgbo gZmd I1Z egnhjfZpecgbo | ogheh]e
Q_]deth]h N j7Z\ghlh |_ogheh]egghki\hmagdy jkbl
egnhjfZpecgbo mijZ\eyxgbo kbkl_f « I _ogheh]ec \ ]Zen
c hk\elb fzl _fZlbqge f_Ih”b ijbcgylly jer_gv \ <gl_e
kbkl_fZo |_hjey 1Z f_lh~b hilbfeaZp+€ + ~hkee”r ¢
jhajh[dZ fh*_e_c f_Ih"o\ I ogheehjdbjhg@m}h[g\Z\qug
jhajh[dz < \ijh\Z~"_ggy dhhil]ﬂ}(@l_l]gbgbo kbkl_f gz\gqzZ
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fZI_fZlbggbo 1Z egnhjfZlbggbo *"bkpbieeg

0zZjz"'yg GZlZey :gZlher*g\gZ2hm_gl ~hp_gl dZn_
egnhjfZzlbdb 1Z ijbdez”~"gh€ fzZIl_fZlbdb Djb\hjeavdh
i_~Zlh]leqgh]h mge\ihjkdhllmgedZ BK\AZ

OZjg_gdh He_dkzZg”j :gZlhgechhlpggld ~hp_gl dZn_
ijh]jzfgh€ g _g_j*€ |Z egnhjfZpecgbo kbkl_f Db€\kvd
Ihjlh\_evgdhhghfeqgh]lh mge\_ijkbjzZzfm\Zggy _dhghfed
fZI_fZIbgg_ fh”_ex\Zggy kdez" gblghtipadlee gdb kl_f

Ohfegylbq :ev[egZ <yq_keZ\e\gZ fEIM"ZIdlqghe]ehbd]
nZdmevl_Im Djb\hjeavdh]h ~_j Z\gh]lh i_~Z]h]eqgh
ijhljZzfm\zZggy dhfifxl_jgbc "bazZcg gzZigkhy'bdZz
egnhjfZlbdb

OhpdegZ <Ze_glbgz ;hjbke\gthp dgl ~hp_gl dZn_
egnhjfZlibdb « ijbdezZ~ghlh ijh]jZzfgh]jh¥H]eaivdh]dgy
_dhghfeggh]lh egkkGMIm®@Db€\kvdbc gZpehgZevgbc _«
mge\_jkbl_| «f _ge <Z~bfZHhINZfXHZFLS$ %

Pbf[Zze @Zgughzeh”bfbje\gZz klZjrbc \bdez”zZqg d
egnhjfZlbdb « ijbdez”~gh]lh ijh]jZfgh]iDjha¥H]eaivdh]dgy
_dhghfeggh]lh egkk@MIm®@Db€\kvdbc gZpehgZevgbc
mge\_jkbl_| «f _ge <Z"bfZHhIZIAHZFLS$ %

Qhjgh[Zc DZI_jbgZ =jbjhfeg\gZhpd gl "~hp_gl dZn_
neabdhogeqgbo kbkl_f I1Z egnhjfZlbdb >A ©Em]Zgkvdl
mge\_jkbl_| of _ge LZjZkZ dRgR\ZmcEZf i_~Z]h]ep-

Qhjgh[Zc DZI_jbgzZz Xje€\gZ klm”_gl nZdmevl_Im
dhfifxl_jgbo kbkl_f GZpehggZgkgh]hmmoZjgh\bo |I_ogh
_e_dljhgges aZzkh[b gZ\qZggy kbkl_fb is~ljbfdb ijbcg)

R\_pv He_gZz Fbdhez€\gz A"bj_dNbjoh\@BIfZev
dhfie_dkm ©>hrdeevgbc gzZ\qZZVgbecghZlidekdy rdhe?’
kimi_gy < @ Djb\hjesavdh€ fegvigh€ ljjhbAkvah€ h[eZk
i_~Z]lh]edZ ikboheh]ey

RbrdegZ FZjey 1Z\er\0d "™eehg klZjrbc gZmdh\b
kie\jh[elgbd azZ\«"m\Zq \eANeem ofZjh hje}glh\
egnhjfZlbazZpe+€ hk\elb 1gklblmIim egnhjfZpecgbo |_o
0Z\qZggy GMIIGZE€GDL \ hk\ele

RhdzZexd K\eleZgZ <edlhje\gZz d i_* ¢ “hp_gl
egnhjfZlibdb 1Z ijbdez~gh€ fzZl_fZlbdb Djb\hjeavdh
i_"Zlhleqgh]lh mge\l jkply Imf_Ih*bdZ gZ\qZggy fZI|_fzZ
[Z sgnhjfZIbdAKIZ A<H1IDL \ hRk\el

YjfhevkvdZz He_dkzZg”*jZ He_]-\gZfzZklmZlbglg mltab c
nZdmevl_Im Djb\hjeavdh]h ~_j Z\ghlh i_~Z]lh]eqgh
fh~r _ex\Zggy kdezZ”~gbo kbkl_f
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