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WHPSODWHEHFDXVH LW FUHDWHY D FRQWH[W ye E
E 6HOIVHPDQWLFV DEVWUDFWO\H[SODLQHG i
ZA##°ADQGB# °R“éPEFRQWDLQ GXSOLFIDAWHEHRILF LQ LTt
~PSURYLQJWKHORJLF EXW QRW IX0OO0\ St
t 8VIEQU RVR LQYRNH WKH RYHUURGEHEPHWKRG » T %o
t 8VIZQU-AWR LQYRNH WKHRYHUBEGGHQ PHWKRG .S
" ([DPSOH WR XQ&8HUFRWDQG .1«
., $5DWFROOHFWLRQRIFODVVHV ZLWKD VXVSHFW GXSOLFDWLRQ ,t..
... ([SUHVVLRQVDUHFRPSRVHG RIWUHHV SET
t+ (YDOXDWLRQ RQHPHVVDJHDQGPXOWLSOHPHWKRGLPSOHPHQWOQWLRQV
&RGH UHSHWLWLRQLVDEDGVPHOO ]
" —QWURGXFLQJDFRPPRQVXSHUFODVV 2E<

% SULQW2Q DQG SULQW6EWULQJD KRRNVDQG WHPSODWH LQ DFWLRQ..
S 7KHPHVEDI@*™V RYHUULGGHQ LB WEHBFEODV YV
< )DFWRULQJLQVWDQFHYDULDEOHYV " %o

E )DFWRULQJLQVWDQFH YDULDEOHV DQG EHKDYLRU S

o wf %YHWWHUGHVLIJQ 'HFODULQJDQDEVWUDFW PHWKRG DV D ZD\WR GRFEFXPHQW D KRR/

6QDNHV DQG /DGGHUV RQH SRVVLEOH ERDUG JDPH ZLWK WZR ODG,GHEJV DQG RQH V(
... 30D\JURXQGLQDFWLRQ 8VH'RLWDQGJR WRJHWDQHPEHGGHGIQVSHFWRU

t+ -QVSHFWLQJWKHJDPH DJDPHLQVWDQEHMAB®G LWV LQVWDQFH YDWLDEOH

$ 1DYLJDWLQJLQVLGH WKHJDPH JHWWLQJLQVLGHWKHWLOHV DQG®KHFNLQJ WKH §
" 1DYLJDWLQJWKHREMHFWYV XVLQJWKH QDYLJDWLRQ IDFLOLWLHV RIGVKH LQVSHFWI
% &XUUHQW VLPSOH GHVLJQ WKUHHFODVVHV ZLWK D SOD\HU DFWLQE.DVLPSOH REM

S $KLHUDUFK\RIWLOHV L ET
¢« -~ QWUROBXKFH&EZ°™BIED QHZ KRRN » & %o
E DFFHSW3OD\HU DQG UHOHDVH3OD\HU QHZPHVVDJH LEE
.f 30D\LQJVWHSE\VWHSLQVLGH WKHLQVSHFWRU . f1
an SXWRPDWHG SOD\ . f1
., &KDWWLQJZLWK 7LQ\&KDW .. fS
.. THVWLQJWKHVHUYHU vt
t 6HUYHU DFFHVV S

YLLL
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SERXW WKLV ERR

s » PZRUG RI SUHVHQWDWLRQ

, VWDUWHG WR ZULWH WKLV ERRNEDFNLQ ZKHQ , ZURDWHD URXQG S
LQJ3URJUDPPLQBBISWKHERBFONYQHHGHG WR ZULWH WR XQGHUVWDQG ZK
DQG KRZ )URP WK LAH PH@QLUDIFRWHRAU D P PZIQUFRAL MKXVSIRERRNVWR WHDFK VLP
FROQFHSWV VXFKDVYDULDEOHYV ORRSV SURFHGXUHVDQG WRKHOS SHF
IDFW ,JRWUHDOO\IUXVWUDWHG EHFDXVHWREHXQGHUVWDQGDEOH E\
REMHFW RULHQWHG SURJUDPPLQJDQGJRRGREMHFW RULHQWHG GHVL
ZKRJDYHPHQLFHLGHDVDQG SRLQWHUV VXFKDV/ VAIVWHPVY WKHQ DVN|
WKLQNLQIJDQG VXJIHVWHG WKDW , WHDFKREMHFW RULHQWHG SURJUD|
UHPDUN ZDV OLNHDEHHLQP\ERQQHW IRUPRUHWKDQ WHQ\HDUV ,Q ID|
EXW,ZDV H[KDXVWHG DIWHU P\ILUVW DWWHPSW

1RZ QHDUO\ILIWHHQ\HDUV ODWHU ,-PUHDG\WR ZULWHDERRNWR VWL
PLQJ ,QIDFW,UHZURWHHYHU\WKLQJ,JRWIURP WKDW WLPH , KRSH WK
GLG®HYHQLI IRUPH ZULWLQJD ERRNLVDUHDOO\ORQJDQG GDXQWLQ
JUHDW

L6WUXFWXUH RI WKH ERRN

KLOH ZULWLQJ WKLV ERRN ,IDFHGD FKDOOHQJHWRILQG WKHFRUUHEFV
SUREOHP , VWUXFWXUHG WKHERRNHLWKHULQWRNH\FKDSWHUV RQ ED
DGYDQFHG WRSLFV 7KHSURMHFWV DUHOLWWOHWXWRULDOV RUPRUH
SODQDWLRQV \RXFDQVNLSRYHUWKHPDQG FRPHEDFNWRUHDG WKHP
SURSRVHYDULRXVY SDWKV WKURXJKWKHERRNZLWKGLIITMUMQW OHYHO\
SOHKDSWHUV DOVR FRQWDLQ GHVLJQ UHPDUNV

)DVW WUDFN
7TKHIROORZLQJFKDSWHUV FRQWDLQ PRUHFRQFHSWXDO LQIRUPDWLRQ
,QWKHYROXPH

F*OLPSVHRIWKH V\QWD]|

F7THVWYV WHVWVDQG WHVWYV

f2EMHFWV DQG FODVVHV

F5HYLVLWLQJREMHFWV DQG FODVVHYV
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JLIXUH ,5HDGLQJ PDSV

$I'RPDLQ VSHFLILFODQJXDJH

$1, QKHULWDQFHDQG H[SUHVVLRQV
$16HQGLQJPHVVDJHV

F16QDNHVDQG ODGGHUV

7KHRWKHU FKDSWHUV DUHPRUHH[HUFLVHDQG SUDWLFDO )RUH[DPSO
ZLWKDZHE VHUYHU ZULWWHQ LQ WKH VLQJOH SDJHRIFRGH

» T:KDW\RX ZLOO OHDUQ

, ZRXOG OLNHWR SUHVHQW WKHFRQFHSWV WKDW ,ZDQW WR WHDFK \RX
TXLUH

KDW LV NH\WR XQGHUVWD QNGRR/Q¥KIZW XDIOOHDORFHN QY WY WWH. V HD
PHEHFDXVH,ZLOO QRWH[SODLQ 223 "LQJHQHUDO EXW ZLWKLQ WKH FR!
HVVHQFHRI2EMHFW 2ULHQWHG SURJUDPPLQJVLQFHLWV REMHFW PRGH
DQGHVVHQWLDODVSHFWRI223 )RUH[DPSOHZHZLOO QRW SUHVHQW Pt
ZKLFKLVDEDGFRQFHSW

"HZLOO IRFXV RQ REWHRRW CRRRHIBVS W&
F2EMHFWV &ODVVHYV



» ¥ 7\SRIJUDSKLFFRQYHQWLRQV

$OHVVDJHV OHWKRGV
$+3:ADQG LWV VHPDQWLFV
$, QKHULWDQFH
$4i10-MQG LWV VHPDQWLFV
«DQG RQ REM H FO/M \RELBLQFQVE WG/
$&0ODVV UHVSRQVLELOLW\FROODERUDWLRQ
$'HOHJDWLRQ
$OHVVDJH VHQGV DUH FKRLFH
$OHVVDJH VHQGV DUH SODQV IRU UHXVH
$7KHP'RQ-WDVN WHOOW3ULQFLSOH
$7HVWV DUH\RXU OLIHHQVXUDQFH
$3RO\PRUSKLVP
,QDGGLWLRQ ZHZLOO DOVR SUHVHQW
$7THVWYV
$6RIWZDUH UHIDFWRULQJV

*URZLQJVRIWZDUH

2IWHQ ERRNV SUHVHQW D SUREOHP DQG LWV VROXWLRQ 1RZIRUQRQ W|I
QRW IDOO IURP WKH VN\RUJHW GHYHORSHG LQ RQH VWURNHEXW LW LV \
WLRQ WKDW HYROYHV RYHUWLPH 6XFKDQHYROXWLRQLV RIWHQ GLIILF
MXPSVIURP RQHVWDEOH VWDWH WRDVLWXDWLRQ ZKHUH KLV FRGH PD\
7HVW 'ULYHQ 'HVLJQDQG UHIDFWRULQJV UHDOO\KHOS 7HVW 'ULYHQ 'H’
DQG FDSWXUHV WKHP DV H[HFXWDEOH HQWLWLHVY WHVWYVY 5HIDFWRULC
EUHDNLQJLWVLQYDULDQWY 1RWH WKDW WHVWV GR QRW IRUELG WR EU
SUHYLRXVLQYDULDQWY RUFRQVWUDLQWY JRW YLRODWHG 6RPHWLPH\
PD\EHEURNHQ MXVW EHFDXVH WKHUHTXLUHPHQWY FKDQJHG DQG WKD\
WKLV ERRN ,ZDQWHG WR VHH KRZ VRIWZDUH JURZVLQ OLWWOH VWHSV
P\FRGLQJVHVVLRQVDQG, WKLQN WKDW WKLV LVLPSRUWDQW WR FRYHL
DWLRQ

6\QWD[ EORFNVDQG LWHUDWRUV

6LQFHZH QHHG D ODQJXDJHWRH[SUHVV RXU SURJUDPV ZH ZLOO WHDFK
WLFXODU ZH ZLOO XVHVRPHVLPSOHFKDSWHUVWR JHW\RXVWDUWHG

1RZLQDQXWVKHOO \RXVKRXOGNQRZWKDW WKH 3KDUR V\QWD]
$ILWVLQRQHSRVWFDUGDQG
$tLVEDVHG RQ REMHFWVY PHVVDJHVDQG FORVXUHV

1RWH WKDW FORVXUHV DUH QRW D UHFHQW DGGLWLRQ WR WKH ODQJXDJ
WKHIRXQGDWLRQIRUFRQGLWLRQDODQG ORRSY 7KH\HQDEOH WKLV -P
ZHOO DV UHDOO\SRZHUIXO LWHUDWRUYV

7\SRJUDSKLF FRQYHQWLRQV

3KDUR H[SUHVVLRQV RUFRGHVQLSSHWYV DU} AUAFQBVYADWHG HLWKHU L
ReG+R&-™RUIRUPRUHVXEVWDQWLDO VQLSSHWYV DV IROORZV



$ERXW WKLV ERRN
[V)-AADY

KHQ ZHZDQW WR VKRZWKHUHVXOWRIHYDOXDWLQJDQH[SUHVVLRQ Z}
<<RQWKHQH[WOLQH OLNH VR

Y)eAADY RelGeREe™

<<< YDAA.)Y

KHQHYHU ZH IHHO WKH WH[W PDNHV D SRLQW WKDW LV LPSRUWDQW RU YV
ZHZLOOGRVRZLWKD WKLFNEDU

Il -PSRUWDDOWLV LVD SRLQW WKDW LV ZRUWKGUDZLQJVRPHPRUHDWWHQ

J)LQDOO\ WKHFRIIHHFXSV KLIJIKOLJKW VRPHSRLQWY WR WDNHDZD\DQG
VHFWLRQV

® -I\RXVNLP WKURXJKD VHFWLRQ WDNHDIHZVHFRQGYVY WR FKHFNIRUFR*HH FXSV

» 9LGHRYV

:KLOHUHDGLQJWKLV ERRN\RXFDQDOVR XVHVRPHRIWKHYLGHRYV SURC
YLGHRYV DUH DXYWDALSO DFERIRIA BMOWW RRQ JO\ VXJIIJHVW WR ZDWFK WKH YLGHRYV
WR XVHDQG LQWHUDFW ZLWK WKH HQYLURQPHQW

, %7KDQNYV

,ZRXOG OLNHWR WKDQNV ORUJDQH 3LJQ\ $QQH (WLHQ 4XHQWLQ 'XFDV)
DWRX 2XPDURX .DWHU\QD $ORVKNLQD 5LFDUGR 3DFKHFR 20LYLHU $XY
9RMFLN 'HQLV .XGULDVKRY +ROJHU)UH\WKHU 'LPLWULV &KORXSLV $F
+LUVHO IRUWKHLUJUHDW IHHGEDFN $OH[DQGUH %HUJHO IRUKLV H[DP
IRUKLVY FRQVWDQW HQWKRXVLDP DQG IRU 7LQ\&KDW *XLOOHUPR 3ROLW
H[DPSOH 'DPLHQ 3ROOHW IRUWKLY JUHDW WHPSODWHDQG WKHQHZ/$1
RXV PDNHILOHLPSOHPHQWDWLRQDQG 3LOODUKHOS
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*HWWLQJLQ WRXFK ZLWK 3KDUR
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3KDUR V\QWD[LQ D QXV

,QWKLV  FKDSWHU ZHVWDUWRQDVLPSOH SDWKWRJHW\RXWR XQGHUYV
3KDUR V\RRW[EIJRFQUSBHW KRIGIW FKDSWHU LVIUHHOVLQVSLUHG IURP 6 YH
HQEHUJKH-VJHQWOH V\QWD[LQWURGXFWLRQ DQG,WKDQNKLPIRUJLY
LGHDV

,Q 3KDUR HYHUREWMHFWNARPS XWDWLRQ KDBSISVOWINREMMHEMWM 2EMHFWYV
DUHFUHDWHG E\VHQGLQJ PHVVDJH VWG R \@®BHNA/K. 5XODUHRVE KIHH ¥ W U QWP X G
DQG EHKDYLRURIWKHREMHFWY WKH\FUHDWH DOVRNQRZQDV WKHLU L

WOLPSOLFLW\DQG HOHJDQFH RIPHVVDJHYV

OHVVDJHVDUHFHQWUDO WR FRPSXWDWLRQLQ3KDUR :KLOHWKHLU V\Q
H[SUHVVLYHDQG VWUXFWXUHV PRVWRIWKHODQJXDJH

7TKHUHDUHWKUHHNLQGV RIPHVVDJHV XQDU\ ELQDU\ DQG NH\ZRUG EI

6HQGLQJD PHVVDJH WKHUHFHLYHU

/HW-VILUVW ORRNDWDQH[DPSOHRIVHQGLQJD PHVVDIJHWRDQ REMHFYV
[ V-+AADY BeGeREe™

:KDW WKLV PHDQV LV WKID R\ VM IV A B WWW RHWV K H -G AAMBH QD D FAW WLIQH

V W UYL QAA LW F D O QUHHG- MRKMAKIH PHYVDJH WKH UHFHLYHU LV DOZD\V WKH O}
PHVVDJH

(YDOXDWLQJFRGHDQG FRQYHQWLRQ IRUVKRZLQJUHVXOWV

,Q3KDUR FRGHFDQEHHYDOXDWHGIURPDQ\ZKHUH\RXFDQ W\SHDQG V
YDULRXVLQWHUDFWLYH ZD\VWRHYDOXDWHFRGHDQG ORRNDW WKH UH
VXOWRIDQH[SUHVVLRQ GLUHFWO\{DXxKWHU LW XVLQIJWKUHHFKHYURQV

(YDOXDWLQJWKHSLHFHRIFRGHLQ WKH SUHYLRXV H[DPSOH\LHOGV D Q
LQUHYHUVH RUGHU

Y-«AADY RelGeREe™
<<< YDAA.-Y

J)LIXUH GHVFULEHVY WKDW ZHHGLWHGDQ H[SUHVVLRQDQG H[HFXWHG

(923



3KDUR VIQWD[LQ D QXWVKHOO

Playground

Page

ello' reversed ‘olleh’

JLIXUH ([HFXWLQJDQ H[SUHVVLRQ LQ 30D\JURXQG

2ZWKHU PHVVDJHV UHWXUQ YDOXHYV
2XY-+AAPWWULQJI XQGHUVWDQGV PDQ-RW&-FMU PHVVDJHV WKDQ

Y-+AADY tafUU«R“Ta-~
<<< Y) ;;HY

$VWKHQDPH LRS@UMRY + MHKWVDIH UHWXUQV \HW DIQRAKK A K K DM WE H
VDPHFRQWHQWV DV WKHUHFHLYHUZLWKHDFKFKDUDFWHU FRQYHUWH ¢
VHQW WR VWULQJYV GRQRWDOZD\VUHWXUQ VWULQJYV RWKHUNLQGV RI"
Y-«AADY §°R&aé

<<<

7KHPHV#RIHHWXUQV WKHILUVW HOHPHQW RIWKHVWULQJ DFKDUDFW|
VIQWD[DUHH[SUHVVHG B\PRKIECRWBOUIRODIIRZHG E\WKH FKDUDFWHU LV
VDIH -UHWXUQV WKHQXPEHURIHOHPHQWY LQ WKHVWULQJ ZKLFK LV DC(

6WULQJV FKDUDFWHUV LQWHJHUW®H Y \RVENDIQRRNENM HEFHW DX WR. QP BIVIVIDR H
DOZDHWXUQ VRPHWKLQJ HYHQLIWKHUHWXUQHG YDOXHLV QRW XVHG
UHWXUQDQ\YDOXH DVORQJDVLW:-VDQ REMHFW

7KHVHOHFWRU XQDU\PHVVDJHV

$OO0O PHVVDJIJHV ZHVDZ VR IDU KDYH WKHAVIHFRIZH K HIUY MK HVRKRPSW W IDQVIL R
ZHUH GLIIHUHQW EHFDXVH WKH PHVVDJHV GLIITHU E\WKHIWMHQDPH RUWR
OHFWRWKH VI\QWD[RIDPHVVDIJH WKHVHOHFWRUDOZD\VFRPHV ULJKW I
VHQGLQJV\QWD[LV MXVW WKH ZKLWHVSDFHLQEHWZHHQ

7KRVHPHVVDJHXY QDEBHFDROH & KH\LQYROYH RQO\RQH REMHFW WKHLU L
WDNHDQ\DUJXPHQWY 6\QWDFWLFDOO\ WKHVHOHFWRUV RI XQDU\PHV
FRQYHQWLRQ WR PDNH XS ORQJHU VHOHFWRUWVA4fY WRXBRHHIRZHU FDPHO
t1a4i00R“TRUATTT W [



6LPSOLFLW\DQG HOHJDQFH RIPHVVDJHV

$4UVW NH\ZRUG EDVHG PHVVDJH

OHVVDJHV RIWHQ QHHG WR SDVV DUJXPHQWV WR WKHUHFHLYHU VR WKD
NH\ZRUG EDVHG PHVVDJHV DUH IRU

$VDQ H[DPSOH LQ\6¥HEOIHRFIRAMA® XV H WEHZANMYDQH [SOLFLW SRVLWLRGC
SDUDPHWHU

V-+AADY té0 -

<<< -

7KH VHOIREARRW LVWYV RI D VLQJOH NH\ZRUG WKDW HQGV ZLWK D FRORQ V
IROORZHG E\DQ DUJXPHQW LQ WKLV FDVH DQLQWHJHULQGLFDWLQJ Zk
3KDUR FRXQWV LQGLFHV VWDUW L Q JtdR B L OV® KDHFUF H NRVU\N RAHK VHHPFHRVQ® B 19 H T
RIWKHUHFHLYHU

V-+AADY t&0 ,

<< o

.H\ZRUG EDVHG PHVVDJHV ZLWK PXOWLSOH DUJXPHQWYV

7TRSDVVPRUHWKDQRQHDUJXPHQW DVLQJOHPHVVDJHFDQKDYHDVPD
DVQHFHVVDU\ HDFKIROORZHGE\DQDUJXPHQW OLNHWKLYV

Y-«AADY “DPU #RDPEO « PO f

<<< Y-+AY

7KLVLVRQHVLQJOHPHVVDJH “PKREHAMEOBEIWWRBZQDWDXOOOO\LWUHDG
KRZ ZLWKZHOO FKRVHQ WHUPV HDFK NH\ZRUG RI WKHVHOHFWRU GRFX
LwW

,QWKHV\QWD[ \RXDUHIUHHWR XVHDV PXFKZKLWHVSDFHDV QHHGHG E
DUJXPHQWY DQG OLNH XQDU\PHVVDJHV WKHFRQYHQWLRQLVWRQDPF
FDVH

%LQDU\PHVVDJHV

%LQDU\PHVVDJHV YLVXDOO\GLIIHUIURP WKHRWKHUWZRNLQGYV EHFDX
SRVHG RIV\PEROV 7KH\DOZD\VH[SHFWDVLQJOHDUJXPHQW HYHQ WKF

7TKHPDLQ XVHRIELQDU\PHVVDJHVLVDVDULWKPHWLFR®SWWRDWLRQV IR
WKH L QWHLUWRY DUJXPHQW

[0,
%XWWKHUHDUH VRPHRWKHU ZLGHO\ XVHG ELQDU\PHVVDJHV RXWVLGH
PHVVDJH VHOHFWRU IRUVWULQJFRQFDWHQDWLRQLVDVLQJOHFRPPL
Y)YeAADY O Y T-tRD+RAY

<<< Y)+*AAD T-tRDeRAY

+HUH WKH UHFAADDEIViRD-RAY WKH DUJXPHQW

7KMWHFHLYAMWKH REMHFW WR ZKLFK D PHVVDJH LV VHQW LW LV DOADHOHMBVW LQ D PHV\
WRWG DUIXPHQWYV

8QDU\ PHVORRHNWVOLNH ZRUGV DQG KDYH QR SDUDPHWHWDBENVH® B BBKAH U UHFHLYHU
OHFWRUV PDGH RI VIPEROV DQG KDMHA RQG SHDWIMNHMHEDUDPHWHU DIWHU HDFK FROR
LQ WKHLUVHOHFWRU

$ PHVVDJH LV FRPSRVHG RI D UHFHLYHU DPHVVDJH QDPH FDOOHG LWV VHOHFWRU D
ODQJXDJHDEXVH ZHVRPHWLPHV XVHPHVVDJH ZKHQ LQ IDFW ZHOPMDQ WKH VHOHFW!|
PHVVDJH VHOH¥¥WR O DI¥GD PHVVDJH



3KDUR VIQWD[LQ D QXWVKHOO

7KH SUHIHUUHG QDPLQJ FRQYHQWLRQ IRU XQDU\DQG NH\AR PG VHOBRWRUV LV ORZH|
a-teo

+KLFKPHVVDJH LV H[HFXWHG 4UVW"

6LPSOHU PHVVDJHVY WDNH SUHFHGHQFHRYHU WKHPRUHFRPSOH[RQHV
HIHFXWLRQ RUGHU ZKHQ PHVVDJHV RIGLIITHUHQW NLQGV DSSHDU LQ WKI
XQDU\PHVVDIJHVDUHHYDOXDWHG ILUVW WKHQELQDU\PHVVDJHV DQG

7TRIHWKHU WKHPHVVDJH VI\QWD[DQG SUHFHGHQFHUXOHV NHHS FRPSO
DEOH

YaeR°E'Y tafUU+R“tde “DU #RDEO pe O , DO T p f

<<< [aW

:KHQ PHVVDJH SUHFHGHQFH GRHVY QRW PDWFK ZKDW\RX PHDQ \RXFDQ I
LQJSDUHQWKHVHYVY ,QWKHIROORZLQJH[DPSOH WKHH[SUHVVLRQLQVL
WKLV\LHOGV D WK U HH[ &K K DFFRWMWM K FH/QVWH DA L ¥ HIVREKH PHVV D JH

iYd@R°E"Y tafUU«R“t&ae §°R&E0 % B fi BeGeBAe™

<<< YWalY

JLQDOO\ QRWHAORDPEE3R46AHUH VHQW WR WKHIUH Va2$OW RHVVDJHYV
DUHH[SUHVVLRQV ZKRVHUHVXOWFDQEHWKHUHFHPHNVRIB VXEVHTXH
FKDL@BXIHVV WKH SUHFHGHQFH UXOHDSSOLHVY FKDLQHG PHVVDJHV HJ
WR ULJKW 7KLVLVTXLWHOQDWXUDO IRUXQDU\PHVVDJHV

Vi'“™my tAA ié#°Raé ReGeREe™

<<< Y™M™M*®Yy

Y1'“™MY Re(eBAas™ tAA j6#°R&E
<<< Y*'tY

I1RWHKRZHYHU WKDW WKH FKDLQLQJUXOHDSSOLHV ZLWKRXW H[FHSWL
OLNHDULWKPHWLFRSHUDWRUYV

c O, 1 «€

<<< f€

J)LQDOO\ NH\ZRUG PHVVDJHV FDQQRWEHFKDLQHG WRIJHWKHU ZLWKRXV
ZRXOG ORRNOLNHDVLQJOHELJNH\ZRUG PHVVDJH

t6HQGLQJPHVVDJHV WR FODVVHV

- KHUHGRQHZREMHFWYV FRPHIURP" :HOO LQ 3KDUR REMHFW FUHDWLRC
WDWLRQ VRLWKDSSHQVE\VHQGLQJD PHVVDJHWR WKHFODVV LWVHOI
[ERPCEWR FUHDWHDQ HPSW\VWULQJ ECWWHQGLQJLW WKHPHVVDJH

[6R°E" E-0

<<< YY

&ODVVHVDUHUHDOO\REMHFWY WKDWDUHNQRZQ E\QDPH VR WKH\SUR
WHP FUHDWLQJQHZREMHFWV LV MXVWDSDUWLFXODU XVH FDVH 6RPH
WXUQ VSHFLILFLQVWERAHFHAWKDWMNHHWKHVWD®BGEY WKHPHVVDJH

#ADte U°

<<< fUe, ¢ . %,T... .. %%t% f

7KH QDPLQJFRQYHQWLRQ IRUFODVV QDPHVYa-VaX8KHWIADWKE FRYQMHQWLRQ IRUDOO
QRQ ORFDO QDPHV L H VKDUHG RUJOREDO YDULDEOHV



. ¥ /IRFDOYDULDEOHVDQG VWDWHPHQW VHTXHQFHYV

1/RFDO YDULDEOHVDQG VWDWHPHQW VHTXHQFHYV

/IRFDOYDULDEOHVDUHGHFODUHGE\ZULWLQJWKHLU QDPHEHWZHHQ Yt
LQJWKHDVVLJIQP H® WXVAK B WHLPYHHOWWWOH/G D REYAMWHIED BHULRG ZKLFK PDNHY
WKHP ORRNOLNHVHQWHQFHYV

AHE RBT A

tE BBt O8 RBt E<a0 fU

tE BRT t&80 « UieO éRri-U

tE BRT té0 , Uied §tAa-U

tE RRT

<<< @iéRi- §tAa. E°AI

,QWKHFRGHDERYH DQHZWKUHH HOHPHQW DUUD\ LYEFRMHDWHG DQG D
7KHQ LWV ILUVW WZR HOH Prid QWamB UV D/HW CMDP 1 FKWKH ODVW HOHPH Q)
LJHG LQGH[LQJLVRQH EDVHG OLNHQRUPDO KXPDQV FRXQW

7KHILQDO VWDWHPHQW GHWHUPLQHV WKH YDOXH RIWKH ZKROH VHTXH{
OLWH U D@ BUIWKWILUVW HOHPHQW LV WkiH WRROHBRGE QWWBFR@WQWHUST
§tA2:8QLQLWLDOLVHG K OMHPKIQWYGHRRHG REMHFW FRQVWDQW

7KH4UVW HOHPHQW RI D FROOHFWLRQ LV DWLQGH]

7KH QDPLQJ FRQYHQWLRQ IRU ORFDO YDULDEOHV LY ORZHU FDPHO FDVH YDULDEOH
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"HYHORSLQJD VLPSOH FF

TRIHW VWDUWHG LQ 3KDUR ZHLQYLWH\RXWRLPSOHPHQW D VLPSOH FF
EHORZ ,Q WKLVH[HUFLVH\RXZLOO OHDUQKRZWRFUHDWHS SDFNDJHV F
OHDUQ KRZWRGHILQHWHVWVDQG PRUH 7KLVVLPSOHWXWRULDO FRYF
ZHGRZKHQ GHYHORSLQJLQ 3KDUR

1RWHWKDW WKHGHYHORSPHQW IORZ SWR P RS\ W GVREQHDMH. W VOH. W KVDOW \WR X W
ZLOO GHILQH D SDWKEBHL QH DWW V V. Q VW EQ B H. QB UIWD\D RIMEAD OFO®M
H[HFXWHLW 7KHFRPSDQLRQYLGHRIROORZVDOVRVXFKSURJUDPPLQJ
GHYHORSHUV RWRNVGIG®GORQW VW\OH WKDW ZHFDOO OLYH FRGLQJ ZKH
SUHVVLRQ WKDW UDLVHV HUURUV DQG WKH\FRGHLQ WKH GHEXJJHU DQ
YDULDEOHV DQG PHWKRGV RQ WKH IO\ IRUWKHP 2QFH\RX ZLOO KDYH IL
PRUHFRQILGHQW ZLWK 3KDURDQG ZH VWURQJO\VXJIJHVW \RX WR WU\ W
RQG YLGHR VKRZLQJVXFK GLIIHUHQW GHYHORSPHQW SUDFWLFHYV

2XU XVH FDVH

+HUHLV RXU XVHFDVH ZHZDQW WREHDEOHWRFUHDWHD FRXQWHU LQ
FKHFN WKDW LWV YDOXHLV FRUUHFW ,W ORRNV OLNH WKLV OLWWOH XV
GHILQHRQH ODWHU

AN Y“DiE&eR A

“DiE&-B 08 DIE&+B E-aU

“DiE&R "E"B-E-E&P °E'ReE-E&U

“DIEG"R ™+ ReEESU

“DiEé+R “DiE& 8 »

1RZZHZLOO GHYHORS DOOWKHPDQGDWRU\FODVVDQG PHWKRGV WR V X

.&UHDWH\RXURZQ FODVYV

,QWKLV SDUW \RXZLOO FUHDWH\RXUILUVWFODVY ,Q3KDUR DFODVYV
DWHDSDFNDIJHWKHQD FODVY 7KHVWHSVZHZLOO GRDUHWKHVDPH RC
PHPRUL]JH WKHP ZHOO

&UHDWHD SDFENDJH

8VLQIWKH %URZVHU FUHDWH D SDFNDJH 7KK VOVERHP KILWQHZA N \RX D QL
SDFNDJHLVWKHQ FUHDWHG DQGDGGHG WR WKHOLVW )LJXUH VKRZV
DJH



'HYHORSLQJD VLPSOH FRXQWHU

x - 0O MyCounter -
Scoped Variables History Navigator vyeau

2 Morphic-Widgets-Tree

> Morphic-Widgets-Windo
Multilingual-Encodings
Multilingual-Languages
Multilingual-OtherLangu

> Multilingual-Tests
Multilingual-TextConver:
Multilingual-TextConver
MyCounter

> NECompletion
NECompletion-Tests

> NativeBoost-Core v . _
4 > A, Hier, © Class 7 Com.

Object subclass: #NameOfSubclass
instanceVariableNames: ''
classVariableNames: ''
package: 'MyCounter'

1/a[1] Formatasyouread W +L

JLIXUH $3DFNDJH FUHDWHG DQG FODVV FUHDWLRQ WHPSODWH

&UHDWHD FODVV

&UHDWLQJD FODVV UHTXLUHVIRXUVWHSY 7KH\FRQVLVWEDVLFDOO\ L
WR VSHFLI\WKHFODVV\RXZDQW WR FUHDWH

$%\GHIDXOW WKHV\VWWHP KHOSV \RX WR' B+ ¢Z& H\DLWXERQDWMR | WKH |
ZULWHWH G ai'“Ataa0 @BtE-HS§[i'“Ataa

$1&0ODVV 1DPKHVKRXOG ILOOLQ WKH QDPH RI\RXBFOBMVIE\ UHSODFLQJ
“AtaZLWK WKHZERUIZZ DNH FDUH WKDW WKH QDPH RI WKH FODVV VWD UW
OHWWHU DQG WKDW \RX GR QRW WH P-R% HA VWKL WLYEHO DY R & W R H
FODVV ZH ZDQW WR FUHDWH GRHV QRW H[LVW \HW VR ZHKDYH WR JL\
DXQLTXHVWULQJLQ 3KDUR WR GR VR

$+, QVWDQFH YDULDETKHGHIRR VK RRQG ILOOLQ WKH QDPHV RIWKH LQV
WKLV FODVV :HQHHG RQH L Q¥W & QIFNMHYPLID BEKD WDAR G DYH WKH V'
TXRWHV

1&ODVV YDULDEOHWGAHHIGR QRW@HHG DQ\FODVV YDULDEOHPDNH VXU
PHQW IRUWKHFODVV LQVWDQFH YArd4, B E&H M d M DIQAMBPHIEWAOV WU LQJ
YY
<RXVKRXOGJHWWKHIROORZLQJFODVV  GHILQLWLRAQ
H'vie s a1'“AT430 @ DIE&+R
CEETE“+qtR°t'ABtE-20 Y*DiEeY
“AtaaqtB°t A<BTE+a0 YV
Utet +O YA DiEé-BY
1RZZHVKRXOG FRPSLOHLW :HQRZKDYHD ILOO®IGer®¥RA@HY GHILQLWL
ILQHLW ZH V\WRO QIWDH KMURHIRUH VHOHFW WKH DRFE&SWWERX LWHP 7K

... %o
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ft 'H4AQH SURWRFROVDQG PHWKRGV

x — 0O Counter B
Scoped Variables History Navigator vVean
v ! Counter no messages
> Morphic-Widgets-Tree  *
> Morphic-Widgets-Windo
Multilingual-Encodings
Multilingual-Languages
Multilingual-OtherLangu
> Multilingual-Tests
Multilingual-TextConwer
Multilingual-TextConver
4 MyCounter
> NECompletion

NECompletion-Tests

> NativeBoost-Core v . .
4 > A, Hier. c Class 7 Com.

Object subclass: #Counter
instanceVariableNames: 'count'
classVariableNames: "'
package: 'MyCounter'

1/4[1] Formatasyouread W  +L

JLIXUH $&ODVV FUHDWHG

FRPSLOHGDQG LPPHGLDWHO\DGGHG WR WKH VA\VWHP
J)LIXUH LOOXVWUDWHY WKHUHVXOWLQJVLWXDWLRQ WKDW WKH EUR?Z

7KH WRRO UXQV DXWRPDWLFDOO\VRPHFRGHFULWLFDQGVRPHRIWKHFP
IRUQRZ

$VZHDUHGLVFLSOLQHG GHYHOR®IHE:VFDIDDGE\IFBRFRHQWARRPHQW E X\

<RXFDQ ZULWHWKHIROORZLQJFRPPHQW

DiE&+R °4 T A°EUA. “DE“Reé+ “Atda 0-°“- ATUUDREA “E“RE-ER°E" TE™ ™.“RBeEER°E" 1
“DiE&.RU

ea T, °a

b ™Me“ReE<EED °E“ReE<ES&

b “PiEe

64 “Bete°PE T, °4 E+841"s 0°6-qTAi+0O

6HOHFWPHQXLWHP -DFFHSW:- WR VWRUH WKLV FODVV FRPPHQW LQ WKH

'H4QH SURWRFROVDQG PHWKRGYV

, QWKLY SDUW\RX ZLOO XVHWKHEURZVHU WR OHDUQ KRZWRDGG SURWI

7KHFODVV ZHKDYHGHILQHG KDV R Q#li E¥RXDOKRXYOIUWU B EBPEHIPW KD W L
3KDUR HYHU\WWKLQJLVDQREMHFW LOQOVWDQFH YDULDEOHV DUH SU
ZD\WRLQWHUDFW ZLWKDQREMHFW LV E\VHQGLQJPHVVDJHV WR LW

7TKHUHIRUH WKHUHLY QR RWKHUPHFKDQLVP WRDFFHVV WKHLQVWDQFI
MHFW WKDQ VHQGLQJD PHVVDJH WR WKHREMHFW :KDW\RXFDQGRLV W

o



'"HYHORSLQJD VLPSOH FRXQWHU

YDOXHRIWKHLQVWDQFH YDUL D EBDA HBVWOFKRKGPIHWIK\R G ¥ DRIHREKD ®WHHFANV LF H V
ZD\VGHILQHDQG XVHWKHP :HVWDUW WR FUHDWHDQ DOBREHVVRU PHWKR

$ PHWKRG LV XVXDOO\VRUWHG LQWR D SURWRFRO 7KHVH SURWRFROV L
DQ\ODQJXDJHVHPDQWLFV EXWFRQYH\LPSRUWDQW QDYLJDWLRQ LQIR
<RXJHW SURWRRRQ@EDRUBHWKRG SHUIRUPE®EMWMHPMWKRGYV GLV
SOD\LQJ WKH REBMHARU VLPSOH DFFHVVRU PHWKRGV DQG VR RQ

$OWKRXIJK SURWRFROVFDQKDYHDQ\QDPH 3KDUR SURJUDPPHUV IROOT
LQIJWKHVH SURWRFROV %XWGRQ-WEHVWUHVVHGLI\RXGRQRWQDPH .

&UHDWHD PHWKRG

1RZOHW XV FUHDWH WKHDFFHVVRU PHWIKR 6 YW DRIVMEK N HQHWWW QG HW R H IF|
piEe-RQDEURZVHU DQGPDNHVXUHWKDW\RXDUHHGLWLQIJWKHLQVWI
GHILQHPHWKRGV WKDW ZLOOEHVHQWWRLQVWDQFHY E\GHVHOHFWLC

&UHDWHD QHZ SURWRFRO E\EULQJLQJWKHPHQXRIPHWKRGVY SURWRFR
WKH OHIW 6HOHFW WKH QHZO\FUHDWHG SURWRFRO 7KHQLQ WKH ERW\
WHPSODWH OD\LQJ RXW WKH GHIDXOW VWUXFWXUHRIDPHWKRG $V D Jt
RUEHJLQQLQJRIWKHWH[WDQG VWDUW W\SLQJ\RXUPHWKRG 5HSODFH
PHWKRG GHILQLWLRQ
“DiES

UR+EIRE &-+ “IRR*Eé GTAis D§ &-« GTAis °Ed&TE“s GTR°T'AU

kK “DiEe

7KLY GHILQHV D PHWEKRV®NRDQORKB DUIJXPHQWY KDYLQJD PHWKRG FRPPH
LQJWKH LQVWDRIEH ¥OHQ b ERFRFHBWKH PHQX WR FRPSLOH WKH PHWKRG
QRZWHVW\RXUQHZPHWKRGE\W\SLQJDQGHYDOXDWLQJWKHOQH[WHIS
WH[WHGLWRU

DiEé-R E+0 “DiEé

<<< E°A

7KLYVH[SUHVVLRQ ILUVW FU HD®eHMADD G MZKIHIY WHRG-\FHWEKRM F°P HW V D J H
WUHWULHYHV WKHFXUUHQW YDOXH RE"WWH R RXQ B HQW YKOLYY XK IRRXUOGRUH
LQLWLDOLVHGLQVWDQFH YDULDEOHY $IWHUZDUGV ZHZLOO FUHDWH L
WLDOLVDWLRQ YDOXH

$GGLQIJD VHWWHU PHWKRG

$QRWKHU PHWKRG WKDW LV QRUPDOO\ XVHG EHVLGHV WKHDFFHVVRU P
6XFKDPHWKRGLV XVHG WR FKDQJH WKHYDOXHRIDQLQVWDQFHYDULDI
H[SUHVNiIER@ E-0 “PiEEIAWVW FUHDWHAAD@QWHEDQFHDQG WKHQ VHWYV LWV

7TKHVQLSSHWV VKRZV WKDW WKHFRXQWHU HITHFWLYHO\FRQWDLQV LW\
“ 08 DiEé&+RB E«0 “DiEEO 1U

“ “PiE@é

<<< ¢t

7KLY VHWWHU PHWKRG GRHVY QRW FXUUHQWO\ H{ 8 X RKOW PW I [HUF LV |
ZKHQLQYRNHG RQ D&y & ¥IMWD/AWHOFIH YDULDEOH LY VHW WR WKH DUJXP H(
PHVVDJH 7HVW\RXUPHWKRGE\W\SLQJDQGHYDOXDWLQJWKHH[SUHVYV
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f+ 'H4QH D 7THVW &ODVV

‘'H4QH D 7THVW &0ODVV

"ULWLQIJWHVWVLVDQLPSRUWDQWDFWLYLW\WKDW ZLOO VXSSRUW WKI
EHUWKDW D W H\VQ¥ H\D DWGLAY WRKWPHHGE PYFOOHFDQP SOH LI ZH KDYH WXUQHG W
VLRQDERYHLQWR D WHVW ZHFRXOGKDYHFKHFNHG DXWRPDWLFDOO\W
LQJ

7R GHILQHD WHVW FDVH ZH ZLOO G H las ®&H 10 F7XBI\W\H WRKLCHAGLHY K & H DWF\D DARP
QDPHGE&-Ra-d8V IROORZV
asdeée tae. ai'*Ataad @ DiEé<Racae
HETE*+qtR°T'A-BTE+20 YV
“Ata&qtR°t A+BtE-40 YV
Ut et +O YA DIiE&«RY

1RZZHFDQ ZULWHD ILUVWWHVWE\GHILQLQJRQH PMMNRREH 7HVW PHWK
DXWRPDWLFDOO\H[HFXWHG E\WKH  7HVW5XQQHU RUZKHQ\RXSUHVV RQ
PDNHVXUH WKDW\RX XQGHUVWDQGLQ ZKLFKFODVV ZHGHILQH WKH PHYV
ZLWKWKH FODVYY QERHD»QAERHDQYV WKDW WKHPHWKRG L/EpHILQHG LQ WK
éeRa-dé

'"HILQHWKHIROORZLQJ PHWKRG ,WILUVWFUHDWHYV DQ
FRUUHFW 7KHRPHBYOMDDWSHFLDO PHVVDJH YHULI\LQJ LI
DiEé«Racdé << &+46 DIiE&,4[6 E™MWet™

“ 08 DiEé&*B E«aU

“ “PiEEO FU

d+As tai-re0 * “DiEé& 8 %

QVWDQFH VHW
KH

L
w WHVW SDVVI

9HULI\WKDW WKH WHVW SDVVHV E\H[HFXWLQJHLWKHU SUHVVLQJ WKH L
WKH 7HVW5XQQHUDYDLODEOHLQWKH7RROVPHQX VHOHFWLQJ\RXU SI
WHVW 7KLVLVDJRRGPRPHQWWRVDYH\RXUZRUN

6DYLQJ\RXU ZRUN

6HYHUDO ZD\VWR VDYH\RXU ZRUN H[LVW

f8VLQJ SOXIRXIEDBYDYH WKHFODVV RUD PHWKRG E\FOLFNLQJRQLW
PHQXLWHP <RXZLOOJHWDILOHFRQWDLQLQIJWKHVRXUFHFRGH RC
IDYRULWH ZD\WR VDYH\RXU FRGH

¥8VLQJD YHUVLRQ AR QWHHRWW HNOWWHRP XVH D YHUVLRQ FRQWURO V\VWH
ORQWLFHOORDQG *LW HYHQLILWLVPRUHIRUDGYDQFHG XVHUV

, QWKLY FKDSWHU ZHH[SODLQ WKHVLPSOHVW ZD\WR JHW\RXGRQH 1R
SDFNDJHVLVPDQDIJHGYLDORQWLFHOOR ZKLFKLVDGLVWULEXWHG YH!
FKDSWHBKDUR E\ ([DPPG&HS LQWRBKRMWAVS ERRNV SKDUR RUJ

8VH WRQWLFHOORDYDRDODWHWH LQ 7TRROV WRVDYH\RXUZRUN <RXFDQV
RQ\RXUKDUG GLYVNRURQD UHPRWHW®WSE Y i PzZRUP MKHVDID E RXREF KRDP V

6DYLQJ XVLQJORQWLFHOOR
8VLQIJORQWLFHOOR\RXFDQVDYH\RXU ZRUN

f/RFD@RX FDQ VWRUH\RXU SDFNDJHVLQDIROGHURQ\RXUGLVF XVH
LWRUVEHORZ

$t5HPRWIWQQJDQ DFFRXQW RQ RWWISH Y HAUWADD ¥ W BERNWKK D @ RAD Y H
\RXUZRUNDQG VKDUH LW ZLWK RWKHUYV


http://books.pharo.org
http://www.smalltalkhub.com
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JLIXUH 16 HOHFWLQJD QHZ NLQG RIUHSRVLWRU\ WR WKH OLVW RI SRVVLEOH SODFHV'

JLIXUH #(6LWLQJ WKH UHSRVLWRU\LQIRUPDWLRQ



¥ % $GGLQJPRUHPHVVDJHV

I1RWHHDFKWLPH\RXORDGRUVDYHDSDFNDJH WKLV SDFNDJHLV DOVR
FDFKH:- RQ\RXU KDUG GLVN

6WHS , $GG D UHSRVLWRU\

*RWWws zzz vPDOOWDQ SKXEHRWH D PHPEHUDFFRXQW WKHQ UHJLVWHU
JHWDQ+773 HQWU\WKDW UHIHUV WR\RXU SURMHFW 'HILQHD QHZ +773
%URZVHU DV VKRZQ E\)LIJXUHYV DQG

JLIXUH VKRZV WKDW\RX SDFNDJHLV GLUW\ WKLVLVLQGLFDWHG ZLW
DIJHV

([DPSG3W DXWKRUV ZHDUHVDYLQJWKHH[DPSOHVIRUWKLY FKDSWHU DV
ORRFLQWKH&RXQWHU SURMHFW VR RXULQIRUPDWLRQLV WKHIROORZL
[A)eeUWw-UDP&a°eDR

AD“te°PEO Y-88UORRAETAAGTA:-I'U“DERE“RT-1RDADD“R DIiE&-RRET°EY

iaBO YY

UtaaabR™O YY
1RZIRU\RX \RXVKRXOGDGDSWWKHIROORZLQJWHPSODWH WR XVH\RX
[A)eeUW.UD&°eDR
AD“te°PDEO Y-868UORRAETAAGTA:-I"U“DERE“RXDIiR ““DiEGRXDIBRTRDY%+“6RET°EY
4RO YxDPiR ““DPiE&, Y
UtasaaPR™O YXxDiR ““DiEETTA40DR™Y

6DYLQJ\RXU SDFNDJH

7RVDYH\RXU ZRUN VLPSO\VHOHFW \RXU SDFNDJHDQG WKHUHSRVLWR!
LW XVLQJWKHB6DYHEXWWRQ 7KLV ZLOORSHQD GLDORJZKHUH\RX FDQ
DQG EOHVVLQJ J)URPWKHQRQ RWKHU SHRSOHFDQORDGLW IURP WKHU
XVHFYVRURWKHUPXOWL XVHU YHUVLRQLQJV\VWHPV 6DYLQJWKHLPEC
LQJHQYLURQPHQW EXW QRWD ZD\WR YHUVLRQDQG SXEOLVKLWLQD Z|

<RXFDQRIFRXUVHERWKSXEOLVK\RXU SDFNDJH VR WKDW RWKHU SHRE
FRPSDUH LW ZLWK RWKHU YHUVLRQV HWF DQGVDYH\RXULPDJH VR Wi
LPDIJH\RXDUHLQ WKHVDPHZRUNLQJHQYLURQPHQW

T %$GGLQJPRUHPHVVDJHYV

%HIRUHLPSOHPHQWLQJWKHIROORZLQJPHVVDIHV ZH GHILQHILUVW DV
°"E“ReE+EBV IROORZV
DiEésRa-dé << &+38,E“ReE-Ee
“ 08 DIEé&+RB E<QU
“ “DiEEO € b °E“ReE<Eé&pb °E“ReE<E&U
d+A§ taa-Red “ “PiEé& 8 ,
+HUHZHFUHDWHD FRXQWHU VHW LWV YDOXH WR VHQG LW WKH PHVVD
WKDW ZH JHW D FRXQWHU RI YDOXH
1RZ\RXVKRXOGLPSOHPHQW VRPHPRUHPHWKRGYV
$13URSRVHD GHILQLWLREQARYVER® B8 PPASWXKHRRGHQW LW
1 PSOHPHQWDOVRDQHZ WHVW™PHMWKEE IRUWKHPHWKRG
IT'HILQHWKHPHIWEKASBODFH LW WRIH K HIBQZ WKK SUYRWRFHR O
e°PEY
+HUHDUHWKHSRVVLEOHGHILQLWLRQVIRUVXFKPHWKRGYV



'HYHORSLQJD VLPSOH FRXQWHU

JLIXUH $&0ODVV ZLWK JUHHQ WHV WYV

DiEé+R << °E“ReE<Eé
“PDiEé O8 “DiEé& O -«

DIEGR << ™e"ReE-ES
“DiEe 08 "DiEé p

EXQ\RXUWHVWYV WKH\VKRXOG SDVV DVVKRZQLQ)LJXUH $JDLQ WKIL
ZRUN 6DYLQJDW SRLQW ZKHUH WHVWV DUHJUHHQLV DOZD\VDJRRG SU

+ SWHWWHU REMHFW GHVFULSWLRQ

KHQ\RXVHOHFW WEHH{S gBOYVWERQLOQW LWV UHVXOW XVLQJWKH3ULQW
HGLWRU \RXREWDL®Q{D ¥lERSOH VWULQJ

DiE&+R E-0

<<< t DiEé-R

'HZRXOG OLNHWR JHWDPXFKULFKHULQIRUPDWLRQIRUH[DPSOHNQRZ
PHQW WKHIROORZLQJ PHWKRERVEQ WKH SURWRFRO
DiEé«R << UR°EEHEO f[&R-tE

d4iUeR UB°EEHEO f[éR<tEU

t[éR<tTE Ee éTié AAO Y 0°é- atAi«O YO 4-A§ “DiEé URBR°Eeé[éR°E"U

1RWH WKDW WK HERHENIORGH G ZKHQ \RX SULQW DQ REMHFW XVLQJSULQW L
DGGLWLRQ WKLV PHWKRG LV L@MRNHBZ KOHOSRKERUFS®RIQQVSHFWRU LV |
WRLQWHUDFWDQG PRGLI\REMHFWYV ,WLVUHDOO\SRZHUIXO GXULQJG



f ¢« - QVWDQFHLQLWLDOL]DWLRQ PHWKRG

JLIXUH 1% WWHU GHVFULSWLRQ GRLQJD 3ULQW -W FPG 3

f « - QVWDQFHLQLWLDOL]DWLRQ PHWKRG

S5LIKWQRZWKHLQLWLDO YDOXHRIRXUFRXQWHULVY QRW VHW DV WKH IR

DiEé&.R E+0 “DiES&
<<< E°A

/HW XV ZULWHD WHVW FKHFNLQJWKDWD QHZO\FUHDWHG LQVWDQFH KD
DiEé«Ra<dé << é+aéqtAi- & RetEé°DEa°E«,a}*RD
d°A§ taa-Re0 DiEé«R E«0 “DiEé 8 €

JARX UXQLW LW ZLOOWXUQ\VHOORZLQGLFDWLQJD IDLOXUH DVLWXDW
FRUUHFW E\RSSRVLWLRQWRDQHUURU ZKLFKLVDQDQWLFLSDWHG VL

'"HAQHDQ LQLWLDOL]H PHWKRG

1RZZHKDYHWR ZULWHDQ LQLWLDOL]DWLRQ PHWKHRGE/WRDQWHN MBYLD GH I
DEOH +RZHYHU DV ZHPHQOWLRIWDOWHKHY VHQW WR WKH QHZO\FUHDWHC
7KLV PHDQV W KeDYWAWKHWVKRG VKRXOG EHGHILQHG DW WKHLQVWDQFH VL
LVVHQW WR D QeLiQas WD RIED Q& “R-E-EFKHeé°tA° PHWKRG LV UH
VSRQVLEOH WR VHW XS WKHGHIDXOW YDOXHRILQVWDQFH YDULDEOHYV

7TKHUHIRUHDW WKHLQVWDQFH VLGHEYRXNKRXDY 5 FRIMHWD W B B/ KRWRGR O
ORZLQJPHWKRG WKHERG\RIWKLVYPHWKRGLVY OHIWEODQN )LOOLWLQ

DiE&«R << °E°&°tA° .
Ua«é é-» °E°é°tA GtAie D§ é-- utAie &b €0

“DiEE 08 €

l1RZFUHDWHD QHZ LQVMW&QAHLRM EQDWYDOL]HG EV\GHIDXOW" 7KHIROORZ
QRZZRUNZLWKRXW SUREOHP

[ DiEé+R E-0 °E“B-E-Eé
DQG WKHIROORZLQJRQHVKRXOG UHWXUQ

DiE&R E«0 °E“R<E-Eéb °E“R<E<Eé&b “DiEEé
<<<

$IJDLQ VDYH\RXU ZRUN

$ E&RQFOXVLRQ

,Q WKLV FKDSWHU\RXOHDUQHG KRZWR GHILQH SDFNDJHV FODVVHV PF
SURJUDPPLQJWKDW ZH FKRVHIRU WKLV ILUVWWXWRULDOLYV VLPLODUYV

Tt
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'"HYHORSLQJD VLPSOH FRXQWHU

SKDUR\RXFDQ XVHD GLITHUHQW IORZWKDW LVEDVHGRQGHILQLQJD WFt
HIHFXWLRQUDLVHVHUURUWRGHILQHWKHFRUUHVSRQGLQJFODVVHYV |

IURPLQVLGH WKHGHEXJJHU :HVXJJHVW\RXQRZWRUHGRWKHH[HUFLYV
LRQYLGHR
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/HVWYV WHVWYV DQG

,QWKLV FKDSWHU ZH VWDUW E\ VKRZLQJWKDW WHVWV DUHVLPSOH 6HF
EDVLFDOO\ZKDW ZHZLOO WU\WR GRV\VWHPDWLFDOO\LQ WKLV ERRN 7
PDNHVDJRRG WHVW ‘HWKHQ SUHVHQWD VHULHV RIVPDOO H[DPSOHV V

KDW LV D WHVW"

$ WHVWLVD FRQWH[W DVWLPXOXVDQGDQDVVHUWLRQ YHULILFDWLRC
DQH[DPSOHRQ VHWYV 5HPHPEHU WKDW VHWV DUHPDWKHPDWLFDO HQW
WKHLUHOHPHQWYV

JLUVW ZH WHVW WKDW DGGLQJDQ HOHPHQW FKDQJHV WKH VL]H RI WKH V
$&RQWHEHWDNH DQ HPSW\ VHW
$16WLPXDKXKDPGGAQWR WKHHPSW\VHW
$$VVHUWIKRIQVHW KDV RQH HOHPHQW
$QRWKHU WHVW LV WKDW D VHW RQO\FRQWDLQV RQO\RQHRFFXUHQFHF
$1&RQWHEFHWDNHDQ HPSW\ VHW
$16WLPXDXKDPGGQWR WKHHPSW\VHW
$$VVHUWLIKRIQVHW KDV RQH HOHPHQW
$16WLPXDKXKDPGGAQWR WKHHPSW\VHW
$$VVHUWIKRIQVHW KDV VWLOO RQHHOHPHQW

+RZGRZHGHFODUH D WHVW LQ SKDUR"

7KLVLVUHDOO\HDV\WR GHFODUHRQHWHVW ZHGHILQHRQHFODVV Wt
DQGRQHPHWKRG SHUWHVW

+HUH WKH FODMVY[-6a-¥KRXOG LQKaH&d Wi JRPV WKH SODFHWR GHILQH WK
UHODWHG WRWKHFODVYV
asaée ta. ai’"Ataa0 OA TEUA«[.ea-dé

"EdE6TE“+sqtR°t' AeBTE-E0 YY

“At&ddqtR°t'AeBtE-a0 VY

Ot“¢t +O0 YA [-&a-déY

1RZZHFDQ GHILQHRQH WHVWH[SUHVVLRQDVDPHWKRG 7KHUHLV RQH
VKRXOG VW&oHEW ZLWK



THVWV WHVWV DQG WHVWYV

[A tEUA+[-€asdé << @+46 ™™a(°".
é N

08 [+é E-QU

+A§s tda-Re0 & °a EUe& U

TTMTMO U

+A§ t&da-.Re0 & a° « +pitAald U
TTMTMO U

+A§ taa-Re0 & a° « +pitAald U

Qe Qr Qe Qe r Qv >

7TKHQ XVLQIJWKH7HVW UXQQHU RU SUHVVLQIJRQLFRQVRIWKH3KDUR EU
WKH PHWXRG™aiPDQ@G LW ZLOO WHOO\RXLILWSDVVHVRUIDLOV L H LIL
1RZWKDW\RXNQRZWKDW ZULWLQJD WHVWLY QRW FRPSOH[ /HW XV ORI
LOQOWRPRUHGHWDLOV

.THVW'ULYHQ 'HVLJQ

7KHLQWHUHVWLQ WHVWLQJDQG 7HVW 'ULYHQ 'HYHORSPHQW LV QRW Ol
KDV EHFRPH D KD QPR O H N R | WZADHUMRGYHHYPHHE@RAS FDHQGBAD Q\ VRIWZDUH GHYHO
FRQFHUQHG ZLWK LPSURYLQJVRIWZDUH TXDOLW\ZRXOG GR ZHOO WR D(
ODQJXDJHV KDYHFRPHWRDSSUHFLDWH WKH SRZHU RI XQLW WHVWLQJ

IHLWKHU WHVWLQJ QRUWKHEXLOGLQJRIWHVWVXLWHY LVQHZ %\QR
JRRG ZD\WR FDWFKHUURUV %\PDNLQJWHVW L QQXOMRRCHNGW® FWLFH D Q (
(IWUHPH3URJUDPPLQJKDV KHOSHG WR PDNHWHVWLQJSURGXFWLYH DC
SURJUDPPHUV GLVOLNH

7KH 3KDUR FRPPXQLW\ KDV D ORQJWUDGLWLRQRIWHVWLQJEHFDXVH RI
PHQW VXSSRUWHG E\LWV SURJUDPPLQJHQYLURQPHQW ,Q WUDGLWLRQ
PHUZULWHV WHVWV LQ D SOD\JURXQG DV VRRQDVDPHWKRG ZDV ILQLVK
FRUSRUDWHG DV D FRPPHQW DW WKH KHDG RIWKHPHWKRG WKDW LW H[H
XS ZRXOG EHLQFOXGHG DV H[DPSOHPHWKRGV LQ WKH FODVV 7KH SURE
WHVWV LQ D SOD\JURXQG DUHQRWDYDLODEOHWRRWKHU SURJUDPPHU
H[DPSOHPHWKRGV DUHEHWWHU LQ WKLV UHVSHFW EXW WKHUH LV VWL
WR UXQ WKHP DXWRPDWLFDOO\ 7HVWYV WKDW DUH QRW UXQ GR QRW KHO
DPSOHPHWKRG GRHVY QRW LQIRUP WKH UHDGHU RI WKH H[SHFWHG UHV X
WKH SHUKDSV VXUSULVLQJ UHVXOW EXW\RXZLOO QRW NQRZ LIWKH R

S8VLQIJD WHVWLQJIUDPHZRUN VXFKDV 68QLWLVYDOXDEOHEHFDXVHLW
FKHFNLQJ WKHWHVWLWVHOIGHILQHY ZKDW WKHFRUUHFW UHVXOW VK
WHVWV LQWR JURXSYV WR GHVFULEH WKHFRQWH[WLQ ZKLFK WKH WH\
RIWHVWYV DXWRPDWLFDOO\ $V\RXVDZ LQOHVVWKDQWZRPLQXWHV\R
VWHDGRIZULWLQJVPDOO FRGHVQLSSHWV LQD SODVIRXQG ZHHQFRXU
DGYDQWDJHV RIVWRUHGDQG DXWRPDWLFDOO\H[HFXWDEOH WHVWYV

K\WHVWLQJLVLPSRUWDQW

8QIRUWXQDWHO\ PDQ\GHYHORSHUV EHOLHYH WKDMWK®RQWWDUH D ZD V!
ZULWH EXRW RBIUDPPHUY GRWKDW ORVW RIXV KDY,ZREDG DW VRPH V
ZULWH WHVWYV LI, | KD)XG@PHRYHHWMZILAMWH D EXJ DQG LI\RXUFRGH ZLOO QHYH
IXWXUH WKHQLQGHHG WHVWV DUHD ZDVWH RI\RXU WLPH +RZHYHU WK
DSSOLFDWLRQLVWULYLDO RUWKDW LW LY QRW XVHG E\\RXRUDQ\RQH
IRUWKH IXWXUH KDYLQJD WHVW VXLW HHL W U X{ENHD X B KHWDQR X UEXSN LW :
SOLFDWLRQ RUWKHHQYLURQPHQWLQ ZKLFKLW UXQV FKDQJHV LQ WK

7THVWV SOD\VHYHUDO UROHV

F)LUVW WKH\SURYLGHGRFXPHQWDWLRQRIWKHIXQFWLRQDOLW\ WK
LVDFWLYH ZDWFKLQJWKHWHVWY SDVVWHOOV\RXWKDW WKH GRFX

T %o



"t :KDWPDNHVDJRRG WHVW"

$16HFRQG WHVWV KHOS GHYHORSHUV WR FRQILUP WKDW VRPH FKDQJF
SDFNDJHKDYH QRW EURNHQ DQ\WKLQJHOVHLQ WKH V\VWHP DQG Wi
WKDW FRQILGHQFH WXUQV RXWWREHPLVSODFHG

F)LOQDOO\ ZULWLQJWHVWV GXULQJ RUHYHQEHIRUH SURJUDPPLQJI
IXQFWLRQDOLW\WKDWDR& KBRQ WW\RKRKOLG Q S SHDW KMRUIWKKDREO LH QW
DERXWKRZWRLPSOHPHQW LW

%\ZULWLQJWKHWHVWVILUVW L H EHIRUHWKHFRGH \RXDUHFRPSHC
IXQFWLRQDOLW\NZLOO UXQ WKHZD\LWZLOOLQWHUDFW ZLWK WKH FOLF
FRGHVW\OHZLOO GHILQLWLYHO\LPSURYH

6HYHUDO VRIWZDUH GHYHOR S P HQW WPHRKREBIQ® PIFHAQM XAKYBPIWY 'HY HO
RSPHQW 7'" DGYRFDWHZULWLQIJWHVWYVY EHIRUH ZULWLQJFRGH 7KLVP
LOQVWLQFWV DV VRIWZDUHGHYHORSHUV $00ZHFDQVD\LVY JRDKHDGD
WKHFRGH KHOSV\RXNQRZZKDW ZH ZDQW WR FRGH KHOSV\RXNQRZ ZK*F
FRQFHSWXDOL]JHWKHIXQFWLRQDOLW\RIDFODVVDQGWRGHVLIQLWVL
RSPHQWJLYHV\RXWKHFRXUDJHWR FKDQJHRXUDSSOLFDWLRQ EHFDX
VRPHWKLQJ

‘HFDQQRW WHVW DOO DVSHFWV RIDQ\UHDOLVWLFDSSOLFDWLRQ &RY}
LPSRVVLEOHDQG LV WKHJRDO RIWHVWLQJ (YHQ ZLWK D JRRG WHVW VX
DSSOLFDWLRQ ZKHUH WKH\FDQ OD\GRUPDQW ZDLWLQJIRUDQRSSRUW
ILQG WKDW WKLV KDV KDSSHQHG WDNHDGYDQWDJHRILW $VVRRQDV \I
H[SRVHV LW UXQWKHWHVW DQG ZDWFKLWIDLO 1RZ\RXFDQVWDUW W
ZKHQ\RX DUH GRQH

:KDW PDNHV DJRRG WHVW"

ULWLQJJIJRRG WHVWV LVDVNLOOWKDW\RXFDQOHDUQE\SUDFWLFLQJ
VKRXOGKDYHWRJHW WKH PD[LPXP EHQHILW

F7THVWYV VKR X O GERKWHKRKODW IFFHOOHEOH WR UXQ D WHVW DV RIWHQ DV \R?
JHW WKHVDPHDQVZHU

FTHVWV VKRXOG UXQ ZLWKRRW XKRRQGEGWBE ®HQWRLIRXQQ WKHP XQDWW

F7THVWV VKR XO(® WKW 8 \DW WIRRIXOG FRYHU RQH DVSHFW RID SLHFHRIF
DVDVFHQDULR WKDW\RXRUVRPHRQHHOVHFDQUHDG WR XQGHUVW

F7THVWV VKRXOGKDYHD FKDQJHIUHTXHQF\ORZHKRWEBR@WWDW RI WKFE
ZDQWWR KDYHWRFKDQJHDOO\RXUWHVWV HYHU\WLPH\RXPRGLI\\
DFKLHYH WKLVLVWRZULWHWHVWV EDVHG RQWKHSXEOLFLQWHUID
WLV2. WRZULWH D WKHHVOFBSHHRMK B S ULYFDWHHO WKDW WKH PHWKRG LV F
HOQRXJKWR QHHG WKHWHVW EXW\RXVKRXOGEHDZDUH WKDW VXFK
WKURZQ DZD\HQWLUHO\ ZKHQ\RXWKLQNRID EHWWHU LPSOHPHQW

2QHFRQVHTXHQFHRIVXFKSURSHUWLHV LV WKDW WKHQXPEHURIWHVW
WR WKHQXPEHURIIXQFWLRQVWREHWHVWHG FKDQJLQJRQHDVSHFWF
WKHWHVWY EXWRQO\D OLPLWHG QXPEHU 7KLVLVLPSRUWDQW EHFDX)\
DPXFKVWURQJHUPHVVDIJHWKDQKDYLQJ WHVWVIDLO +RZHYHU LWL
WKLV LGHDO LQ SDUWLFXODU LIDFKDQJHEUHDNV WKHLQLWLDOL]DWL
OLNHO\WR FDXVHDOO RIWKHWHVWY WRIDLO

ULIJIKW %LFHS

"ULWLQJWHVWYV LV QRW G L | AKDMRWVLHY MMWHRON F & PRRIVHLAIITLFXOW 7KH S
SURJUDPPHUV RIITHU WKH pULJKW %,&(3p SULQFLSOH ,WVWDQGVIRU
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THVWV WHVWV DQG WHVWYV

F5LIKW $UHWKHUHVXOWYV ULJKW"

1% $UHDOOWKHERXQGDU\FRQGLWLRQV FRUUHFW™"

¥, &8DQ\RXFKHFNLQYHUVHUHODWLRQVKLSV"

& &DQ\RXFURVV FKHFNUHVXOWY XVLQJRWKHUPHDQV"

f( &8DQ\RXIRUFHHUURUFRQGLWLRQVWRKDSSHQ"

3 $UHSHUIRUPDQFH FKDUDFWHULVWLFV ZLWKLQ ERXQGV"
1RZOHW-VIJREDFNDQG ZULWHD FRXSOHRIWHVWYV XVLQJ68QLW

68QLW E\H[DPSOH

‘HVKRZD VWHS E\VWHS HIDPSOH :HFRQWLQXH ZUVWKMWKHGILWPSOH WKD
LQIJDQG FRPSLOLQIJWKHFRGHDV ZHJR DORQJ

SD\DWWHQWLRQ WHVWFODVVHYV DU H-¥& HH R BD\FKDDN\HVIH & L $I\H U XIBRD B V
KDYLRU WKDW QRUPDO FODVVHYV W &-H &DJJRHHDAXRARFGPVD ZAK LL FFIX OVANK 1 RvF ZXWAHKG
QHZO\FUHDWHG LQVWDQFHV RIWKH FODVYV

6WHS, &UHDWH WKH WHVW FODVYV

‘HXVHWKH FOPOAY[+éa-MR JURXS DOO WKH WHVW¥ Y HODWHRE W R RAXKCHGF O D
FUHDWHD QHZ M+ X& FOADVOLORHIEUA[-éa-aé
a-aé ta. ai’“Ataa0 @A TEUA-[-éa-dé

"E4&8TE“sqtR°t'AsBtE<E0 YV

“AtaaqtR°t'A+BtE«&a0 YV

Ut“¢t7+O YA [+éa-deyY

6WHS ... :ULWHVRPHWHVWPHWKRGYV

/[HW-V FUHDWH VRPH WHVWYV E\ GHIL QA Q 3 B\RAR [H éR HAGDKFRGFVHMDKWRIGH FO D V V
UHSUHVHQWY RQHWHVW 7KHQDPHV RI WKH Frid&&KRRGW KBWR X0 Q MWW D UW Z
FROOHFWV WKHP LQWR WHVW VXLWHY 7HVWPHWKRGV WDNHQRDUJXPFE

'"HILQHWKHIROORZLQJWHVW PHWeK&RGR/ A7 M/ IH\NJW B X/HINERAH \Q PR E G
Rf.¢e 7TKHWHVW VD\VWKDW VHQGMEIOWR D FPHWBRAWDLQLQJ VKRXOG UH
ERTe
A tEUAe[eéacdé << é&+886,E“Ai™ej
A §TAA A
§iAA O8 [+6 0°8-0 .. 0°é-0 tU
4°A8 taa-ReO i§iAA °E“Ai™ea0 ...iU
dA8 tda<Ré0 iI§iAA °"E“Ai™edad ti

7KHVHFRQG WY QRPEHGEHULILHY WKDW WKH QXPEHIIARYRMWFXUUHQFH
LVHTXDOWRRQH HYHQLIZHDGGDQRWKHUHOHPHQW WR WKHVHW

<< 88BH""IRB+E"+&

+sEU& O8 [+& E-0U

§iAA O8 [«& (0°e-O0 .. 0°e-0 tU

d°A§ td4-R80 isEUé D““IiBR+E“+aH§O €7 «bitAa0O €U
d.A8 taa<Re0 i8§iAA D““IRR*E“«aH8O ..i «pitAad U
§iAA t™m™QO U

d°A§ t44.R80 i§TAA D““IRRE“+dHEO ..i +bitA&d0 -

J)LQDOO\ ZHWHVW WKDW WKHVHW QRORQJHUFRQWDLQV WKHHOHPHQW

T«



" % 68QLW E\H[DPSOH

JLIXUH "5XQQLQJ68QLW WHVWYV IURP WKH 6\VWHP %URZVHU

A TEUA+[-éa<dé << &+36W-EDU-
N §TAA ~
§iAA O8 [«& (0°6-0 ..
§iAA R<EDGO ..U
d.A8 taa.-Re0 i8iAA °E“Ai™«.30 tiU
deA8 ™eE O i8§TAA °E“Ai™eda0 .. i

o

-6 tU

o
[0}

1RWHWKH XVH REWEH&BRHKWKR& & DVVHUW VRPHWKLQJWKDW VKRXOG QR
tacdé ™. O tE UR-AVBHETXLYDOHOWNMREO tE UR-aa°PEXA®EV PXFK
PRUHUHDGDEOH

6WHS £ 5XQ WKH WHVWYV

7TKHHDVLHVW ZD\WR UXQ WKHWHVWVLVYGLUHFWO\IURP WKHEURZVHU
QDPH RURQDQLQGLYLGXDO WX W VAW G \RW XNW MRKEY ZLOO EH IODJ
JUHHQ RUUHG GHSHQGLQJRQ ZKHWKHU WKH\SDVV RUQRW DV VKRZQL

<RXFDQDOVRVHOHFW VHWV RIWHVW VXLWHV WRUXQ DQGREWDLQD P/
68QLW 7HVW 5XQQHU ZKLFK\RX FDQ RSHAQVEX \4Hi@ HFWE-QJ WKH PHQ X

TKAHVW 5 XMKREQ LQ )LIXUH LVGHVLIQHG WR PDNH LW HDV\WR H[HFX)

7KHOHIW PRVWSDQHOLVWV DOORIWKHSDFNDJHVawWakD'&%* FRQWDLQ WH)
KHQ VRPHRIWKHVHSDFNDJHYVDUH VHOHFWHG WKHWHVWFODVVHYV WK
WKHULJKW $EVWUDFW FODVVHVDUHLWDOLFLI]HG DQG WKHWHVW FOD
VXEFODWVvHaaRIlE 1B UH LQGHQWHG PRUH Wb @a X EFQ B VIHY B |

FODVV RITHULQJ XWLOLWLHY PHWKRGV WR FRPSXWHWHVW FRYHUDJH

2SHQ D 7HVW 5XQQHU V 61\G H MWINQKSHF DDA K DY Akke EX W W R Q

<RXFDQDOVRUXQDVLQJOHWHVW DQG SULQW WKH X\3XUL@®YDLWW IDLO U
RQ WKH IROORZLfEVARGHA-36 BIEO DE+48W-EDU-

6RPHSHRSOHLQFOXGHDQH[HFXWDEOH FR&-R&\Q-WeE® O/KRHLBRWHVW PHW
HIDPSOH WKH FRQWHQWWR RWKHIRRFNVHFDPPEH H{THFXWHG VHOHFW WKH I
SUHVVLRQLQVLGH WKHFRPPHQW EXWQRWWKHFRFRPREAQWO BIQHKS EULQJ V
FXWH WKH WHVW

tE



THVWV WHVWV DQG WHVWYV

JLIXUH "5XQQLQJ68QLW WHVWVW¥XQQ MWKH

[A tEUA<[+@adé << 8<386W-EDUG-
U&-A§ RIEO @e+48W-EDU-U
A «EUE §iAA 7

+EUE& O8 [«& E-0QU

§iAA O8 [-& 0°6-0 .. 1°6-0 tU
§iAA R<EPG.O ..U

d+A8 tda+.Re0 i8iAA °E“Ai™.a0 tiU
d¢A8 ™eE O i§TAA CE“Ai™ed0 .. i

,(QWURGXFHD EXUJA:Qeéasae << é«aeWdDEERUXQ WKHWHVWVY DJDLQ )RUH[DP:

FKDQWR DV LQ

(A tEUAe[-ca-3é
A eEUE §iAA 7

«EU& O8 [+& E

§TAA O8 [+& G°

§iAA R<EPUG-O ..U

d.A8 taa-peO i8iAA °E“Ai™«.30 $iU

4°A8§ ™eE O 1§87TAA °E“Ai™.a0 ..

7KHWHVWV WKDW GLG QRW SDVV LI DQ\ DU HTCHWWSGDYRHNWKIHQUN. JKW K D
WR GHEXJRQH WR VHH ZK\LWIDLOHG MXVW FOLFNRQ WKH QDPH $OWH
IROORZLQJH[SUHVVLRQV

TA tEUA+[+&a+8é d+A“6DRO QE&+A8W+EDGsi ™s’j"

A tEUAe«[«éacdé ™«'i"O @esaeW-EDUG-

6WHS ™ - QWHUSUHW WKH UHVXOWYV

7TKHPHWEKR®GEDOY GHILQHG L R KiH-ROMKLY LV D VXSHUBFGDQYGRI

WKHUHIRUHROG O RMXEHODVVHV DQGLVUHVSRQVLEOHIRUDOONLQGV RI
7KHaa-RePHWKRG H[SHFWV D ERROHDQDUJXPHQW XVXDOO\WKHYDOXH I
WKHDUJXPHQW LV WUXH WKHWHVWSDVVHV ZKHQ WKHDUJXPHQW LV IC

7TKHUHDUHDFWXDOO\WKUHH SBDWIVEDQKD R RUEDH R/R 9V R QDHW H RW

$3DVVLQKIH RXWFRPH WKDW ZH KRSH IRULV WKDW DOO RI WKH DVVHUW
ZKLFK FDVH WKH WHVW SDVVHV ,Q WKH WHVW UXQQHU ZKHQ DOO RI
WXUQV JUHHQ

+f



"~ S 7KH68QLW FRRNERRN

$)DLOLAXH REYLRXV ZD\LVWKDWRQHRIWKHDVVHUWRDRQV FDQ EHIDC

F(UURWKXH RWKHU SRVVLELOLW\LV WKDW VRPHNLQG RIHUURU RFFXUV
WHVW VRHK BN IH QR WUIQRHIRPDEIRREXW  RUBRXQAEWQ HUURU RFFXUYV
WKHDVVHUWLRQVLQ WKHWHVWPHWKRG PD\QRWKDYHEHHQ H[HFX
WHVW KDV IDLOHG QHYHUWKHOHVY VRPHWKLQJLV FOHDUO\ZURQJ

,Q WKHVW UPQQH®J WHVWY FDXVH WKHEDUDW WKHWRS WR WXUQ \HOOR
SDQHRQWKHULJKW ZKHUHDV WHVWV ZLWK HUURUV FDXVH WKH EDU WR
SDQHRQ WKH ULJKW

$VDQH[HUFLVH PRGLI\\RXUWHVWV WR SURYRNHERWKHUURUV DQG IDI

" S 7KH68QLW FRRNERRN

7KLV VHFWLRQ ZLOOJLYH\RXPRUHGHWDLOVRQKRZWRXVH®G68QLW ,I\F
ZRUNVXFKDV -8QLW PXFKRIWKLVY ZLOOEHIDPLOLDU VLQFHDOO WKHYV
68QLW 1RUPDOO\V\RXZLOO XVH68QLW:V*8, WRUXQWHVWYVY EXW WKHUH
ZDQW WR XVH LW

$ERXWDVVHUW HTXDOV

1RWHWKDW ZH HLWaaMHie X VHED BORDIGIGE < RO « UR+44°DE «bitAal tqtAie
7KHVHFRQGRQH SURYLGHVQLFHUIHHGEDFNZKHQ WKHDVVHUWLRQ IDL
4°A§ tda-pged icEUEé DP““IBRR+E“+aHEO €i «bitAad €U

4°A§8 tda.Re0 i-EU& D“"iRR.E“«aH§O €7 8 €U
8VL@aa-ReOpit BAODRYLGHV D EHWWHU IHHGEDFN ZKHQ WKH WHVW LV IDLOL
LWO\WKDW WKHUHVXOW VKRXOG EH

2ZWKHU DVVHUWLRQV

,QDGGLWIRRREWREG.-E OWKHUH DUH VHYHUDO RWKHU PHWKRGV WKDW FDQ
VHUWLRQV

yLUvad-geO™.a“R°UDQRIBOE O™.a“R°UeWEMH D VHFRQG DUJXPHQW ZKLFK LV D
VWULQJWKDW GHVFULEHV WKHUHDVRQ IRUWKHIDLOXUH LILWLV QRW

IH[W 68QLW SURYLGHV WZR DAL RREECE® PAHWVE KRG VYRWOWHVWLQJ
H[FHSWLRQ SURSDJDWLRQ

JRUH[DPSOH \RXaZARXD BiXVB t Ab“, Rt°4.0 tE WRISVHEW WKDW D SDUWLF
XODUH[FHSWLRQLV UDLVHGGAU | DKHVAHHWH R EXEWIIORZ RDOXVWUDWHYV W
a-DiIA™MORT°&+0
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7UVUXQQLQJIJ WKLV WHVW 1RWH W K PEWAWRGES b UAVWE BUW K RIGQ W\RDW K H
EORFNWKDWFRQWDLQV WKHH[SUHVVLRQ WR EHH[HFXWHG

5XQQLQJDVLQJOH WHVW

1RUPDOO\ \RXZLOO UXQ\RXU WHVWV XVLQJWKH7 7HVW 5XQQHU RU XVLQ
ZDQW WR ODXQFK WKH 7HVW 5XQQHU IURP WHWRAEQG PRRX \RX FDQ H[H
FDQDOVRUXQDVLQJOHWHVWDVIROORZV
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THVWV WHVWV DQG WHVWYV

A tEUA«[-éa-dé RIEO Qé+46W+EDU-
<<< + RTEO » Utage™O € §t°A-™0O € RRDRA

5XQQLQJDOO WKHWHVWYV LQDWHVWFODVYV

$Q\VXEF@QPEMVIRUHVSRQGV WR WKHDPOIGZEXLDOGY D WHVW VXLWH WKDW FR
WKHPHWKRGYV ZKRVH QDPHVWMNDWW ZLWK WKH VWULQJ

TRUXQ WKHWHVWY LQ WKH VXLEBVHR WH@® BWHVKH PHVVDJH
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OXVW - VXEFODVYV 7THVW&DVH"

,Q-8QLW\RXFDQEXLOGD 7HVW6XLWH |URPOPHWIER &V D, Q\6FBAMDLW\RRKQ W
FDQ GRWKHVDPHEXW\RXZLOOWKHQKDYHWRFUHDWHD VXLWHE\KDQ
PHQW DOO W Kakald V¥ PIIQWHK RGNa D R &IGHH UHFRPPHQG KRZHYHU WKDW \RX QI
WR GR WKLV 7KHIUDPHZRUNLV WKHUH XVHLW

'H4QLQJ D 4[WXUH

,QWKHSUHYLRXVH[DPSOH ZHGHILQHG WKHFRQWH[WLQHDFKWHVW P}
GXSOLFDWHDOO WKHORJLFLQDQ\WHVWY ,QIDFW68QLW SURSRVHV D

6WHS, 'H4QH WKHFODVVDQG FRQWHI[W

‘HFDQ GHILQH WKH FRQWH[W XV L Q JSWAHBIQMZA R WE\DW IYPIFAH. OUX\DHE W R\ H S
UHVHQW D IXOODQGDQ HPSW\VHW
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°Ed&étE“sqtR°t'A+BtE«a0 Y&iAA «EUE Y
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6WHS ... 6HWWLQJD UHXVDEOH FRQWHI[W

7TKHPHWKRG & << 8.6BHILQHV WKHFRQWH[WLQ ZKLFKHDFKRIWKHWHVW
VDaHefLV VHQW EHIRUHWKHH[HFXWLRQ RIHDFKWHVW PHWKRG GHILQH

'"HILQHaWeKIPHWKRG DV IROORZV -BWR Y QU WD BOH VHRMKHHHU WR DQ HPSW\ V}
WIKHAAYDULDEOH WR UHIHUWR D VHW FRQWDLQLQJWZR HOHPHQWYV
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I1RZWKHSUHYLRXVWHVWY PHWKRGV DUHPXFKPRUHFRPSDFWDQG FRQ
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" E&KDSWHU VXPPDU\

7KLV FKDSWHUH[SODLQHG ZK\WHVWV DUHDQLPSRUWDQWLQYHVWPHQ
SODLQHGLQDVWHS E\ VWHS IDVKLRQ KRZ[VR GHILQHD IHZWHVWYV IRU \

$+7RPD[LPL]JH WKHLU SRWHQWLDO XQLW WHVWV VKRXOGEHIDVW UHS
KXPDQ LQWHUDFWLRQDQGFRYHUDVLQJOH XQLWRIIXQFWLRQDOLW

F7THVWYV IRU D FO BY¥EHDCOROHIA. Q D F @ DAMNA ZuDEFEHKGE FK VKRXOG EH LQ
WURGXFHG DV -4XEEODVV RI

F, QLWLDOL]JH\RX WV H+HN MWEKORNGD L Q D
F(DFKWHVWPHWKRG VKRXOWNWDUW ZLWK WKH ZRUG
F8VH WK taPHWKRGMed»-E OQG RWKHUV WR PDNHDVVHUWLRQV
F5XQ WHVWYV
$VH[HUFLVH WXUQ WKHH[DPSOHVJLYHQLQWKHILUVWFKDSWHULQWR
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6RPH FROOHFWLRQ NDWDYV ¢

7KLVFKDSWHU SURSRVHV VRPHOLWWOHFKDOOHQJHV DURXQG ZRUGV D
FROOHFWLRQV

% ,—VRJIJUDP

%0

|

$QLVRIJUDPLVDZRUGRU SKUDVH ZLWKRXWD UHSHDWLQJOHWWHU 7KH
LVRIJUDPVLQHQJOLVKDQGIUHQFK

fHIRLVP VHD OXPEHUMDFENY EDFNJURXQG KDFNLQJ SDWKILQGHU
ftDQWLSRGH DOWUXLVPH DEVROXPHQW ELJRUQDX]

,VRIJUDPVDUHLQWHUHVWLQJZRUGV DOVREHFDXVHWKH\DUHRIWHQ Wt
OHQIJWK DUHFRPPRQO\XVHGWRHQFRGHQXPEHUV 7KLV ZD\VDOHVSFH
WR WKHRULJLQDO FRVW RIWKH SURGXFWDQGFRQWURO WKHLU VDOH

S8VLQIMWHKMKIEIQSXHU ZH FDQ GUIHE G H WHKOWW WIKUIHHQXM AFHOQWY WKH QXPEHL
DQGVRRQ 7KHSULFHWDJIRUDQLWHP VHOOLQJIRU IUUXURV PD\DOV
ZULWWHQ RQWKHEDFNRUERWWRPRIWKHWDJ $VDOHVPDQIDPLOLDU .
WKDW WKHRULJLQDO FRVW RIWKHLWHP LYV (XURVDQGKHFDQ FRQWU

6LQFHZH ZLOO HVVHQWLDOO\PDQLSXODWHVWULQJYV OHW XV VWDUW Z

SERXW VWULQJIV

$ VWULQIJLQ 3KDURLVLQIDFWDQDUUD\RIFKDUDFWHUY :HFDQDFFHV\
té0 tE,E™M6LQFHDOOFROOHFWLRQVLQ 3KDURKDYH WKHilLe2bILUVW HOHPF
+c UHWXUQV WKHILUVWHOHPHQWRIDVWULQJ
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$VZLWKDQ\FROOHFWLRQ ZH BRDPAQ“PE&DCER WA AyONRIHWVAHKFIKOHFW DOO
WKHFKDUDFWHUVY WKDW DUHDIWHUE KHQFHELJJHU WKDQ FKDUDFWHU
VDi“DiY d+A.“e0 & Of -tR ~ T -tR < E &
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'HFDQ DOVRDSSO\DOONLQGV RIRSHUDWLRQVRQ WKHFROOHFWLRQ +



6RPHFROOHFWLRQ NDWDV ZLWK ZRUG
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‘HVLPSO\SUHVHQW VRPHRIWKHSRVVLEOHPHVVDIJHV WKDW FDQ EH VH(
\RXFDQ XVHLQWKHIROORZLQJRULQ WKHQH[WFKDSWHU 1RZOHW XV V
VWULQJLVDQLVRJUDP

% t$ VROXWLRQ XVLQJVHWYV

'HFDQGRDVLPSOH DQG QRW UHDOO\HIILFLHQW LPSOHPHQWDWLRQ X\
RQO\FRQWDLQ RQHRFFXUHQFHRIHDFKHOHPHQWDGGHG WR WKHP $GC
DGGV RQH

I1RWHWKDW VHWV LQ 3BKDURFDQFRQWDLQDQ\REMHFWY HYHQ VHWYV WK
ODQJXDJHV ,Q3KDUR WKHUHDUHQRUHVWULFWLRQDERXWVHWHOHPI

<RXFDQFRQYHUWD VWULQJLQWRD VHWRIFKDYa&WHUV VHQGLQJ WKH
YDi“DiY ta[-8

<<< t [+81 0 “ Bi

1RZWKLVLV\RXUWXUQ ,PDJLQHKRZXVLQJD VHWRIFKDUDFWHUV \RX
JUDP

+LQWYV

, I WKHVL]HRIDVHWZLWK WKHFRQWHQWV RIDVWULQJDQG WKLV VWULC
GRHVQRWFRQWDLQDQVOHWWHU WZLFH %LQJRZHFDQVLPSO\LGHQWL

7TRIHW WKHVLIHRIDFROOHPWLRQ XVHWKHPHVVDJH
[ VY*DPi*DiY &° .
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1RZZHFR@YHWDWQWR D VHW XVLQ&3W&KH PHVVDJH
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f+HUHZH GHILQHD YDULDEOH

f*HLWHUDWHRYHU DOO WKH ¥FioDbwDYP\W & Z\H DI GACKHDPWKFIKDU D FWHU RQ
RQHWR WKHVHW

F*HUHWXUQ WKH VHW
F7TKHVHW FRQWDLQV RQO\BNVKDW H [5G iF WHHGW V
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% ¥ 'HAQLQJI D WHVW

&KHFNLQJH[SUHVVLRQ
6RQRZZHFDQ JHW WR WKHH[SUNMVMRBRY WRDLDWRIJFUDIRLHY WKDW
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$GGLQIJD PHWKRG WR WKHFODVV 6WULQJ

1RZZHFDQGHILQH D QHZ P Hag KR & WORF W KRIXFDID\WWSWU RSRVH PXOWLSOHLPS
WDWLRQV ZH SRVWIL[WKHPHVVDIJHZLWK WKHLPSOHRH®WDWLRQ VWU
"BtE[&

[[6R°E" << °&,aD " RtE[eé
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$QG ZHWHVW WKDW RXUPHWKRGLV FRUUHFW
[ YU-tRDY °a,aD"RTE[-&
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DLW HGRQRWZDQW WR KDYHWRFKHFNPDQXDOO\DOO WKHWLPH

-PSRUWDRMHQ \RX YHULI\WZR WLPHV WKHVDPHWKLQJYV EHWWHU ZULW
ZULWHD WHVWRQFHDQG H[HFXWH LW PLOOLRQ WLPHV

FH4QLQJ D WHVW

7TRGHILQHWHVWYV ZH FRX Q& KD ¥ -HR{ /H\Q EX@&/\VIKIBUHIHU WR GHILQH D Ol
IRURXURZQ H[SHULPHQW 7KLV ZD\ZH ZLOO FUHDWH DOVR D SDFNDJH D
DVFODVVH[WHQVLRQ WR WKH WKDW SDFNDJH

-PSRUWDQR'GHILQH D PHWKRG DV D FOD ¥¥&M WHWYQ QDR RMISDENRWRFR O
WKH PHWKE&R G

HGHILQH WKHEF O D;VVa+-B&/ IROORZ ,W LOQOKHYADMINGIERGRQJWR WKH SDFN
DIJHDU[etR$RTE
a*dé tae ai’“Ataa0 GSRTE -«“,+Rasaé
CEdétE“sqtR°t'A+BTE-&0 VYV
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Ut“ct7+0 Y;PDU[ETRSBTEY



6RPHFROOHFWLRQ NDWDV ZLWK ZRUG

1RZZHDUHUHDG\WRLPSOHPHQW RXUILUVWDXWRPDWHG WHVW IRU WK
7THVWPHWKRGV DUHVSHFLDO

F$ WHVWPHWKRG VKRx O VWDUW ZLWK
f$ WHVWPHWKRGLVH[HFXWHG DXWRPDWLFDOO\ZKHQ ZH SUHVV WKH

$t$ WHVW PHWKRG FDQ FRQW DA-@H fSAF RV It RIQV ) K FREIDAS
™.E O t#tAde UR-AEA°DE

+HUH
$2XUPHWKRG EMVEOQBPHRBE[+6,EUAE-E&te°DE

I'HFKHFMN.-ReONKDW -SKDUR:- LV DQYWUW-RIWD PaLadl R WERBAYX UQV
ERTe
I:HFKHPNE OWKDW -SKDRQRMRJIUDP YUH R AWKTEVWAD "RTEHRW XUQV
§tTA&.
$RTE -¢“¢ceRacdé << é+8é6,aD"RtE[+é,EUAE*E&té°DE

taa.Red YU-tRPY °&,aD " RtE[-&U
™E O YU-1DRDY °4,4D RTE[+éU

K\" %HFDXVH LPDIJLQH WKDW\RXUPHWKRGV DOZD\VUHWXUQ WUXH \F

-PSRUWDRMMHQ \RX ZULWH D WHVW PDNHVXUHWKDW\RXWHVW GLIIHUHC
QRWDOO WKHVWULQJDUHLVRJUDPV 6RDOZD\VFKHFNIRUSRVLWLYF

OHVVDEEMeDQ®-E OUHHTXLYDOHQWDVIROORZYV DVVHUW VRPHWKLQJ
WKLQJQRW DQGDVVHUW VRPHWKLQJQRW LVHTXLYDOHQW WRGHQ\ V
SUHVVLRQVDUHVWULFWO\HTXLYDOHQW

d+A8 144360 YU-tPRPY °4,aD"RtE[-é EPéU

d+A§ ™MeE O YU-t1DRDPY °4,8D"RtE[+&U

7THVWLQJ VHYHUDO VWULQJV

1RZZH GR QRWZDQWWR ZULWHD WHVW SHUVWULQJ :HZDQW WR WHVW
JRUWKDW ZH ZLOO GHILQHD PHWKRGLQ WKHWHVW FODVV WKDW UHW XU
DWHDPHWKRGY UHWXUQLQJDQDUUD\RILVRJUDPV
$RTE -+“,eRacdé << °aD"RtEA
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7TKHQ ZH GHILQH D QH 2 V(& X, - K\ &EDW VLPSO\LWHUDWHYV RYHU WKH V
DQG IRUHDFK Y HUH&daaWkKODW @Y XH HOHPHQW LVLQGHHG DQLVRJUDP

,Q3KDUR WKHUHDUHPXOWLSOH ZD\VWR H[SUHVV ORRSVRQ FROOHFW.L
™MHWR WKH FR O OHFBWMRD JHKM[HFXWHV WKH EORFN WR HDFK HOHPHQW RI
RQH

-PSRUWDOMWHPBHVVDJIJH H[HFXWHV LWV DUJXPHQW WDNLQJHDFKHOHPH
OHFWLRQRQHE\RQH 1RWHWKH ZD\ZHH[SUHVV LW ZHDVNWKHFROO
DOVR WKDW ZH GR QRW KDYH WR ZRUU\DERXW WKH VL]H RIWKHFROOH
WKLV LVRIWHQWKHFDVHLQ RWKHUODQJXDJHYV
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% ~ 6RPHIXQ 2EWDLQLQJIUHQFKLVRJUDPYV

6LQFHZHVDLG WKDW ZH VKRXOGDOVR WHVWY QHIJDWLYH OHW XV WR WK
RWKHUPHWKRG WKDW UHWXUQV QRQLVRJUDPVWULQJVDQG ZHHQKDQF
[$RTE -+“;eRasdé << EPD&,aD"RTEA
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$QGZHPDNHRXUWHVW XVLQJ ERWK
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% "6RPHIXQ 2EWDLQLQJIUHQFKLVRJUDPV

1RZZH ZRXOG OLNHWRILQG VRPHLVRJUDPVLQIUHQFK :HVWRUHGRQMW
ERRNVRPHUHVRXUFHVDV VKRZQEHORZFRQWDLQLQJIUHQFK ZRUGYV OL
DOOWKHOLQHM AHEZEWROHKKVH/ 3&OLHQW WKDW FRPHVY ZLWK 3KDUR 6LQF|
GDWD H[HFXWH WKH H[ QMSHRRBRQKRUYKRHUWFXW WR IJHWDQLQVSHFWR
VLPSRHAW&RXFDQ WU\WKHRWKHUILOH ZKLFKFRQWDLQV PRUH WKDRQ
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7KHH[SUHVVLRQDERYH ZLOO JLYH\RX DQ DUUD\ RI ZRUGV LW LV DE
LQWHUQHW FRQQHFWLRQ EHFDXVHLW LV ORWRIGDWD

2QFH\RX JHW WKHLQVSHFWRURSHQHG \RXFDQ VWDUW WR SOD\ZLWK W
4 ADQG LQWKHWH[WSDQH\RXFDQH[HFXWHWKHIROORZLQJH[SUHVVLF

7TKHILUVWRQH ZLOO VHOHFWDOO WKHZRUGV WKDWDUHLVRJUDPDQG\
ZLOODSSHDURQ WKH ULJKW
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‘HKDYHRWKHU ZD\VWR LPSOHPHQW LVRJUDPVDQGZHZLOO GLVFXVV V)
FKDSWHU 1RZZHZLOO SOD\ZLWK SDQJUDPV

% %3DQJUDPV

7KHGHILQLWLRQRID SDQJYBPQYWDKHRIRRRARDQBKDEHWLF VHQWHQFH
LVDVHQWHQFHXVLQJHYHU\OHWWHU RIWKHDOSKDEHW DW OHDVW RQF

+HUHDUHH[DPSOHV RIHQJOLVK SDQJUDPV
FWKHILYHER[LQJ ZL]IDUGYVY MXPS TXLFNO\
FWKHTXLFNEURZQIR[MXPSVRYHU WKHOD]\GRJ
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/HW XV ZULWH D WHVW ILUVW <HV ZHZDQW WR PDNH VXUH WKDW ZH ZLOC
UHFWDQGZHGR QRWZDQWWR UHSHDW WA\SLQJ WKH WHVW
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-PDJLQH D VROXWLRQ

,PDIJLQHWKDW ZH KDYHD FROOHFWLRQRUVWULQJUHSUHVHQWLQJ WKH
WKHSRWHQWLDO SDQJUDP VWULQJ FRQWDLQVHDFKRIWKHFKDUDFWHL
WKDWRQHFKDUDFWHU LVPLVVLQIJZHVWRSDQGNQRZWKDW WKHVHQW
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$4UVW YHUVLRQ

+HUHLVDILUVW YHUVLRQ " AaH GEGHNEGBW Y DOQ NHGH HVHQW WKH LQIRUPD)
NQRZDERXWWKHUHFHLYHU :HVHWLWWRWUXHWRVWDUW 7KHQZH LV
FKDUDFWHUDQGDV VRRQDVWKHFKDUDFWHULV QRWLQFOXGHG LQ WK
$WWKHHQG ZH UHWXUTQBWNKIHEYDULDEOH
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7KLV ILUVW LPSOHPHQWDWLRQ KDV D SUREOHP &DQ\RX VHH ZKLFK RQH
t ZHZLOONQRZLW LPPHGLDWHO\VWLOO ZHZLOO ORRNIRUDOO WKH R\
FLHQW

$ EHWWHU YHUVLRQ

, QVWHDG IRUWHVWLQJDOO FKDUDFWHUYV HYHQLIZHNQRZRQHLVPLVV
ORRNLQJDVVRRQDVZHLGHQWLI\WKDW WKHUHLVRQHPLVVLQJFKDUDI

7TKHIROORZLQJGHILQLWLRQLVY GRLQIJWKLVDQGLWGHVHUYHV DZRUGF

7TKHH[SUKWWERQ " BFJHWXUQV WK &-DEWRIWWKH FDOOHU PHWKRG 7KH SURJL
HFEXWLRQ H[LWV DW WKDW SRLQW LW GRHVQRWH[HFXWHWKHUHVW RIF
WR WKHPHWKRG FDOOH4AP BB¥ X DY OQ\LWHWKVWDWHPHQW RIDPHWKRG ZKHQ
WRUHWXUQD VSHELEOUWDOXBDE QRFAFFXU DQ\ZKHUHDQGLQ SDUWLFXODU
ORRS ,QVXFKDFDVHWKHORRSLYVWRSSHG WKHPHWKRGH[HFXWLRQ
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1RWH WKDW ZH GR QR W°@HiH GR\EERQMPYROUH. D BEQ@H W XUQ WUXH DV ODVW H[S U
FDXVH ZHDVVXPHWKDW LI WKHH[HFXWLRQ DUULYHVY WR WKH WKLV SRLG
WKHDOSKDEHW DUHLQ WKHUHFHLYHU HOVHWKHH[HFXWLRQ ZRXOG KL
EHHQ UHWXUQHG

VKRXOG DWOHDVWUHWXUQDWUXHDQGDIDOVHYDOXH 7KLV VRXQG\

-PSRUWDRMHQ \RX GHILQH D PHWKRG UHWXUQLQJD ERROHDQ YDOXH DO
VXFKEDVLFUHIOH[LVLPSRUWDQW

WR H[LWDWWKDW SRLQW UHWXUQLQJWKHYDOXHRIWKDWH[SUHVVL

-PSRUWDOMWH HIHFXWLRQ RIDQ\H[SUKVV EF®RQBWHEHGO 6 EXYH WKH PHWEk
H[SOLFLWO\UHWXUQLQJVRPHH[SWHASLRQ ZLOO LPSOLFLWO\UHWXU

% S+DQGOLQJDOSKDEHW

$SDQJUDPLVRQO\N\YDOLG ZLWKLQ D KWW DFOSKOEMH WRFHKBGIRIHE VL WH
VFULEHV SDQJUDPV LQPDQ\GLIITHUHQW ODQJXDJHV 1RZZHFRXOGIROC
ZLWKWKH :-,0\DGHV SRX[ 3DUPLOHV SRX[ LO\DGHV SRX[SDSDV HW GF
SRX[SDSDV LO\D GHV SRX[SDSDV SDSDVHWGHV SRX[SDSDV QRQ SDSD
‘OHV SRX[SDSDVHW OHV SRX[SDV SDSDV:-LVQRWDSDQJUDPLQIUHQEFK
‘DSRX[HWO-

‘HZRXOG OLNHWREHDEOHWRVSHFLI\WKHDOSKDEHW WREH XVHG WR Y
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UUU xDPiR abAié°PE UUU
((HFXWHDOO WKHWHVWY WR YHULI\WKDW ZH GLG QRW FKDQJHDQ\WKLC

,J/ZHNHHS WR XVHIUHQFK ZRUGVY WKDW GRQRW QHHG DFFHQWY ZHFDQ
DUHDOVR SDQJUDPV
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SKDEHWDQG FKHFNWKDW WKHFKDULVLQFOXGHGLQ WKHVWULQJ :KHC
WKHFKDUDFWHUDQG ZHFDQ UHWXUQDQHPSW\VWULQJZKHQ WKHUH LV

$ERXW WKHUHWXUQ YDOXHV RIGHWHFW)LUVWOLVVLQJ/HWWHU)RU

5HWXUQLQJREMHFWY WKDW DUH QRW SRO\PRUSKLFVXFKDVDVLQJOHF
FKDUDFWHU EXWDVHTXHQFHRIFKDUDFWHUV LVUHDOO\EDG GHVLJQ
ZLOOEHIRUFHGWRFKHFNLIWKHUHVXOWLVDVLQJOHFKDUDFWHU RUL

-PSRUWD®WRLG DV PXFK DV SRVVLEOHWR UHWXUQ REMHFWYVY WKDW DUH
FROOHFWLRQDQGDQHPSW\FROOHFWLRQ 1RWDFROOHFWLRQDQG Q
NLQG RIREMHFWYV WKLV ZD\WKHLU FOLHQWYVY ZLOO EHDEOH WR WUHD)
HQW 7KLV SUDFWLFHFHOBLERRWRAMHMWKBEHULQFLSOH

‘HKDYHWZR FKRLFHY HLWKHUDOZD\VUHWXUQDFROOHFWLRQDVIRUYV
VWULQJVHQGLQJ taewkBIWWIHRVOMDRH RU ZH FDQ UHWXUQ D VSHFLDO FKDU!
WKDW QRWKLQJKDSSHQVIRUH[DPSOH &KDUDFWHU VSDFH
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% E 3DOLQGURPHDV H[HUFLVH

+HUH ZH SUHIHUWR UHWXUQD VWULQJVLQFHWKHPHWKRGLV UHWXUQL
RQHZHUHWXUQDVSHFLDO FKDUDFWHU
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I1RZLWLVEHWWHUWRUHWXUQDOOWKHPLVVLQJOHWWHUV

'"HWHFWLQJDOO WKHPLVVLQIJ OHWWHUYV

/HW XV ZULWH D WHVW WR FRYHU WKLV QHZEHKDYLRU :HUHPRYHG WKH
JUDPDQG ZH YHULI\WKDW WKHPHWKRGUHWXUQVDQDUUD\ZLWK WKH F
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UUU xDPiR abAié°PE UUU
2QHRIWKH SUREOHP WKDW\RXFDQHQFRXQWHU LV WKDW WKHRUGHU R
WHVWY IDLOHG <RXFDQFUHDWHDG6HWLQVWHDG RIDQ $UUD\

1RZRXUWHVWGRHV QRW ZRUNEHFDXVHLW YHULILHVY WKDW ZHJHWDQ L
RUGHUHG FROOHFWLRQ 6RZHFKDQJHLWWRWDNHLQWRDFFRXQW WKH
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‘HOHWDVDQH[HUFLVHWKHLGHQWLILFDWLRQLIDVWULQJLV DSDOLQC
WHQFH WKDW FDQ EHUHDGLQ ERWK ZD\ -.$<$.:-LVDSDOLQGURPH
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6RPHFROOHFWLRQ NDWDV ZLWK ZRUG

6RPHSRVVLEOHLPSOHPHQWDWLRQV
+HUHLVDOLVWRISRVVLEOHLPSOHPHQWDWLRQ

f<RXFDQLWHUDWHRQVWULQJVDQG FKHFNWKDW WKHILUVW HOHPH(

I<RXFDQDOVRUHYHUVH WK-8 HBPHIL FRRPBBYWHWDINWKIH FKDUDFWHU RQH
<RXFDQ XVH W KHPHYVFOIFK LWHUDWHRQWZRFROOHFWLRQV
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[ a-As taa-BeO Y Ai UtR “«éé+ “BTUTAY “aTTA°E™RDE-U

% ,f&RQFOXVLRQ

‘HJRW VRPHIXQDURXQG ZRUGV DQG VHQWHQFHV <RXVKRXOGNQRZPR
WLRQ ,Q SDUWLFXODU LQ 3KDURDFROOHFWLRQFDQFRQWDLQDQ\RENM
UHTXLUHWR VSHFLI\WKHILUVWLQGH[DQG KRZWRLQFUHPHQW LW 21 F|
PHVVBIN™DQaD O O™ HOXW RQO\ZKHQ ZH QHHG LW 6R SOD\ZLWK VRPH LW
™MPpD QBA“607KH LWHUDWRUV DUH UHDOO\SRZHUIXODQG WKLV LVUHDOO
WKHP EHFDXVH WKH\ZLOO PDNH\RX VDYH D ORW RI WLPH
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$SERXWREMHFWV DQG FODVVHYV






% .f &RQFOXVLRQ

,Q WKLV VHFWLRQRIWKHERRN ZH VXJJHVW FDUHIXOO\UHDGLQJWKH ILL
WKHUHVW 7KHRWKHUFKDSWHUV FRQWDLQ H{WUHPHO\VLPSOHH[HUFL
RQHVLWWLQJ
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2EMHFWV DQG FOD

3KDURLVD SXUHREMHFW RULHQWHG SURJUDPPLQJODQJXDJH L H HY
LH DQHQWLW\FUHDWHG E\DFODVVDQG UHDFWLQJWRPHVVDJHV

7KLV FKDSWHU SUHVHQWY NH\PHFKDQLVPV WKDW FKREWMHFMAWYL]IH REMH
FODWWHNY D QYW WKRGZLOO DO VRLSWHYIHE)XW LR Q RKUHKW SRR @ HERIONK\H. H V
KHDUW RIREMHFW RULHQWHG SO R DBJBER RIGQRY DDAFKRRI QVIKMVH PHF KD
QLVPVZLOO EHXVHGDQG LOOXVWUDWHGDJDLQLQ WKLV ERRN

‘HVWDUW H[SODLQLQJREMHFWY FODVVHV PHVVDJHVDQG PHWKRGV Zl1
WKHIROORZLQJFKDSWHU ZH ZLOO SURSRVHDQ HI[DPSOH WKDW LOOXVW
REMHFWV RIGLITHUHQW FODVVHYV

2EMPDROWVWVUHBFWBWE®ODW DUH REMHFW IDFWRULHY &ODVVHV GHILQH WKH
REMHFWY LQWHUPV RIPHWKRGYV EXWHDFKREMHFW KDV DVSHFLILF VW
GLITHUHQW IURP DO O RW K H UPREBAWVKARIGDW \$ SFHOFR YWKABKI HE WX DO O\ L P
SOHPHQWHG

2EMHFWV (QWLWLHV UHDFWLQJWR PHVVDJHV
,QVWHDGRIDELW JULQGLQJSURFHVVRU SOXQGHULQJGDWD VWUXFYV
WKDW FRXUWHRXVO\DVNHDFKRWKHQWBGEOUE RXW WKHLU YDULRXYV Gl

2EMHFW RULHQWHG SURJUDPPLQJLVDERXWFUHDWLQJREMHFWYVY DQG L
WKHMHVVDIHV

2EMHFWV DUHHQWLWLHVY WKDW FRPPXQLFDWH YLD PHVVDIJHV DQG UHDF
WDVNV ORUHRYHUREMHFWYVY KLGH WKH ZD\WKH\GHILQH WKHVH WDVNYV
VDIJHWRDQREMHFWDQG WKH VA\VWHP ILQG WKHFRUUHVSRQGLQJ PHWKI
ZKDW VKRXOG EHGRQHDQG PHWKRGV KRZLW VKRXOGEHGRQH

7TXUWOHV DV DQH[DPSOH

,PDIJLQH WKDW ZH KDYHD JUDSKLFVWXUWOHOLNHD/2*2WXUWOH :HGF
VHQGLWPHVVDIHVWRPDNHLWPRYH WXUQ DQGWUDFHVRPHGUDZLQ.

&UHDWLQJDQ REMHFW
)LUVW ZH FUHDWH D QHZ W XU W &HI®\RVW R G iR@ DWWKH PHVVDJH

@™ >
o®

N
8 aiRéA« E«GU



2EMHFWV DQG FODVVHV

$FODVVLVD FDVWIRUREMHFWY $00 WKHREMHFWY LQVWDQFHV RIDF
EHKDYLRU )RUH[DPSOH DOOWKHWXUWOHLQVWDQFHV KDYHD GLUHFV
DQGPRYH +RZHYHU HDFKWXUWOHKDVLWVRZQ YDOXHIRULWY GLUHF)
DFODVVKDYHWKHVDPHLQVWDQFHYDULDEOHY EXWHDFKDV SULYDWH

6HQGLQJ PHVVDJHYV

7TKHRQO\ZD\WR LQWHUDFW Z L WKHR/EVMNDHDAW/K/H. MRW B R A QGIWIQHB SHWYV ZH \
PHVVDJHV

ftWRFUHDWHDQ REEMHFW PHVVDJH
IWRWHOO WKHWXUWB&®KREMBREWXUQ PHVVVDJH
IWRWHOO WKHWXUWOGBHOWR PRYH PHVVDJH
é N
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:KHQDQREMHFWUHFHLYHV D PHVVDJH LWUHDFWYV E\SHUIRUPLQJ VRPF
YDOXH FKDQJHLWVLQWHUQDO VWDWH RUVHQG PHVVDJHV WR RWKHU I
GLUHFWLRQDQGLWZLOOLQWHUDFW ZLWK WKH GLVSOD\WR OHDYH D W

OXOWLSOHLQVWDQFHYVY HDFKZLWKLWVRZQ VWDWH

‘HFDQ KDYHPXOWLSOHREMHFWYV RI WKHVDPHFODVVDQGHDFKRQH KD
WXUOHVHDFKRQHORFDWHG WR D VSHFLILFSRVLWLRQDQG SRLOQWLQJL

é

.« &, N

« 08 aiRéAs E-0U
« BIREO % €U

« "PO «£€U

™ M

BIREO «"€U
PO «£€U

08 aiRéA. E-QU
PO «€€U
8iREO ,€U

, "PDO «€€U

™ DO ™ O @

r
o™

.OHVVDIJHVDQG OHWKRGV

OHVVDJHV XISBWKH\REMHFW VKRXOG GRDQG QRW KRZLW VKRXOG GR LW \
RGV :KHQ ZHVHQGW&HMMNWIVISHFLI\ ZKDW ZHH[SHFW WKH UHFHLYHU
PHVVDJHLVVLPLODUWRWKHDEVWUDFWLRQ SURYLGHG E\SURFHGXUH\
WLRQDO SURJUDPPLQJODQJXDJH LWKLGHVLPSOHPHQWDWLRQ GHWDL
PXFKPRUHWKDQH[HFXWLQJD VHTXHQFHRILQVWUXFWLRQV LWPHDQV
WKDW VKRXOGEHH[HFXWHGLQUHDFWLRQWR WKHPHVVDJH

OHVVDJH ZKDW VKRXOG EHH[HFXWHG

7KH PHVAD+OVY VHQG WR D QHZ WXUWOH ZLWK DVDUIJXPHQW 7KH PH\
WKHUHFHLYHU VKRXOG GR
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St $QREMHFW LV DSURWHFWLYHHQWLW\

J)LIXUH $Q REMHFW SUHVHQWY WR WKH RWKHU REMHFWV DQ LQWHUIDFH FRPSRVHG R
LQAKDKH FDQ GR 7KLV EHKDYLRU LV UHDOL]H & E MWPKHHVEKHRIGD/YW R D WWISRHFQ HP HQW H G
'KHQ D PHVVDJH LV VHQW WR DQ REMHFW D PHWKRG ZLWK WKH PHVVDJH QDPH FDOOF
HIHFXWHG

OHWKRG KRZZHH[HFXWHLW

7TKHPHWKRG GHItQBEWORQ@ GHILQHV VWHS E\VWHS ZKDW DUH WKH DFWLR
VSRQVH WR WEKH PHO WDAHILQHY WKDW WR GUDZ D VTXDUH WKH WXUWOH I
apitR*OUHSUHVHQAMAWEBEXOG SHUIRUP IRXUWLPHV WKHIROORZLQJVHTXF
PRYHIRUZDUG D GLVWOQWNURHVEBIJHHHV XV&AQEAWKH PHVVDJH

apitR.0 &° .
{ , B°EcdW+U+te0 & a+A§8 "DO &° +pP GIBEOD %€ &

I1RWHWKDWILQGLQIJWKHPHWKRG FRUUHVSRQGLQIJWR WKHPHVVDJH LV
REMHFW UHFHLYLQJWKHPHVVDJH

-PSRUWD®WHVVDJIH UHBUMWKHREWMHFW VKRX0OG GR ZKIIRWKIHPHWKRG VS
EHKDYLRULV UHDOL]HG

$QREMHFWFDQDOVRVHQG PHVVDJHVWR RWKHU REMHFWY )RUH[DPSO
PHVVDJHVWRDQREMHFWUHSUHVHQWLQIJWKHOLQHFRORUDQGLWYV OF

-PSRUWDR@ REMHFW LVDQHQWLW\WKDW RQFHFUHDWHG UHFHLYHV PH
DFWLRQVLQUHDFWLRQ :KHQDPHVVDIJHLVVHQWWRDQREMHFW D Pl
ORRNHG XSDQG H[HFXWHG

S t$Q REMHFW LV D SURWHFWLYHHQWLW\

$QREMHFWLVUHVSRQVLEOHRIWKH ZD\LW BHBOV]VYENEWGSAFBDMD FWLRQ W
WKH ZD\WKH\DUHLPSOHPHQWHG VHH )LJXUH "HGR QRW KDYH WR N
DWHG ZLWKWKH PHVVDJHVHOHFWRULVLPSOHPHQWHG 2QO\WKH REMH
PHWKRG 7KLV LV ZKHQ ZH & I3 QM KIDKMH PHIWR RS KRZ D WXUWOH GUDZV D
DJLYHQ VL]H WKDKRBAVDRFWORQ@UDZV DVTXDUH )LIXUH VKRZV WKH P
PHWKRGR+O07TKH PHWHKRGGHILQHY KRZWR GUDZVWHS E\VWHSD VTXDUH
REMHFWRQO\RIITHUV WKHPHVVDJHVTXDUH DQG GRHV QRW VKRZ LW LP¢

-PSRUWDR@ REMHFW SUHVHQWYV WROWKHIRW KW RBMVMHPWMYDPRQIHY GHILQ
ZKDMKH REMHFW FDQ GR 7KLV EHKDYLRU LVHKRMDIOH BFHXB\YRRRW KRGV WK
LPSOHPHQWHG 7R SHUIRUP VRPHWKLQJ XVHIXO VRPHGDWDDUHPRVYV
RQO\DFFHVVHG E\WKHPHWKRGYV

%o,



2EMHFWV DQG FODVVHV

YLIXUH S7TKH PHVVARIHR«®DQ EH LPSOHPHQWHG GL*HUHQWO\ 7KLV GL*HUHQW LPSOHF
QRWLPSDFW WKH VHQGHU RI WKHPHVVDJH ZKR LV QRW FRQFHUQHG E\ WKHLQWHURQL

JURP D WXWUSNBQKQW RI YLHZ WKHRQO\UHOHYDQWLQIRUPDWLRQLYVY WKDW
LQJ WKH P& VD BIHIHFXWHY WKH PHWKRG WKDW GUDZV DVTXDUH 6R FKDQ
WkKHitRe®HWKRG WR WKHRQHEHORZGRHVY QRWKDYHDQ\FRQVHTXHQFH
J)LIXUH LOOXVWUDWHY WKLV SRLQW
aPitR«0 &
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+LGLQIWKHLQWHUQDO UHSUHVHQWDWLRQLVQRWOLPLWHG WRREMHF
WR REMHFW RULHQWHG SURJUDPPLQJ

-PSRUWDR@ REMHFW LV UHVSRQVLEOH RIWKH ZD\ LW UHDOL]HV LWV UHL
VHUYLFHVDQG KLGHV WKH ZD\WKH\DUHLPSOHPHQWHG

S f$Q REMHFW SURWHFWV LWV GDWD

$QREMHFW KROIGWDVAWHR E WWB SUHVHQWY LWV VWDWH VHH)LJXUH OR
LWV VWDWHDQG VKRXOG QRW OHW RWKHU REMHFWY SOD\GLUHFWO\ ZL\
DQLQFRQVLVWHQW VWDWH )RUH[DPSOH \RXGRQRWZDQW WR VRPHER
EDQONDFFRXQWGLUHFWO\DQG UHDOO\NZDQW WR FRQWURO\RXUWUDQV

JRUH[DPSOH D/2*2 WXUWOHFDQEHUHSUHVHQWHG E\D SRVLWLRQ D G|
SHQLVXSRUGRZQ %XW ZHFDQQRWGLUHFWO\DFFHVV WKHVH GDWD D
XVHWKHVHWRIPHVVDJHY SURSRVHG E\ D W XIUQWOHRJ TDMEHR/ EIMPHHRVWK R G V F R
‘HVD\WKDW WKH REQHDBYV WHDWHENQV WKDW QRW HYHU\ERG\FDQ DFFH'
REMHFW RULHQWHG SURJUDPPLQJLVEDVHGRQHQFDSVXODWLRQ L H
WKHRQO\RQHV WKDWFDQDFFHVVWKHLURZQ VWDWH

,Q3KDUR DFOLHQWFDQQRWDFFHVV WKHVWDWHRIDQREMHFW LI WKH |
FHVVLW ORUHRYHU FOLHQWYVY VKRXOG QRWUHO\RQWKHLQWHUQDO UF
REMHFWLVIUHHWRFKDQJH WKHZD\LWLPSOHPHQWYV LWV EHKDYLRU ([
MHFWE\GHILQLQJPHWKRGV SURYLGLQJDFFHVV WR WKHREMHFW GDWD
RYHULWVRZQ VWDWH

-PSRUWDR@ REMHFW KROIGGINNRP W KD W U H Q WHNWAIDMY (WKWK REMHFW KDV
LWVRZQVWDWH 7ZR REMHFWYV R | WIKQHAWHELUX MY FEDDARVW K HD lUUH RAZIQHSWDL Y 1D W
VWDWH
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S " LWKFRXQWHUV

JLIXUH SSWXUWOH LV DQREMHFW ZKLFK KDV DQ LQWHUIDFH L H DVHWRIPHVVDJH\
SULYDWH VWDWH WKDW RQO\ LWV PHWKRGV FDQ DFFHVV

JLIXUH STZR WXUWOHV KDYH WKH VDPH LQWHUIDFH L H VHWRIPHVVDJHV EHLQJ XQ
GLHUHOQWDWH VWDWH UHSUHVHQWLQJ WKHLU GLUHFWLRQ SRVLWLRQDQG SHQ VWI

S " :LWKFRXQWHUV

1RZWKDW\RXJRWWKHPDLQ SRLQWRIREMHFWY ZHFDMVYHHWKDW LWL
WKLYDQ REMHFW , Q RWFRDYWKHRGQAWVREMHFWY +HUHLVDOLWWOHSURJ

‘HFUHDWH WZR FRXQWHUV W KD VEZGL\QNV RADH IE®! V Bl BRIOB{B/R \V V
FRXQWHU KDV LWV RZQ VWDWHEXW H[KLELWV WKHVDPHEHKDYLRU DV D

DiEé-R
FZKHQUHVSRQGLQJ WR&E KW RHW)OURY LWV YDOXH
FZKHQUHVSRQGLQJ WRWK-HEWVFIUHPHQWRQH WR LWV FXUUHQW YL

A te WA
“« 08 DiEé&*B E-0U
“, 08 DiEé«B E«QU
“e “DiEE&U
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2EMHFWV DQG FODVVHV

S %$ FODVV EOXHSULQW RUIDFWRU\RIREMHFWYV

$ FODVVLVDPROGRUFDVWRIREMHFWY $FODVV VSHFLILHVWZRLPSRU

I, QVWDQRKFWXOMKHLQVWDQFHV RIDFODVYV ZLOO KDYHWKH VDPH V
WHUPMP®PIWD QFH¥DWDWDWERWLRQ WKDW WKH YDULDEOHYV DUH WKH VL
RIDFODVV EXWQRWWKHLUYDOXHYV (DFKLQVWDQFHKDV VSHFLILF)

I, QVWBGRBYBERO WKHLQVWDQFHV VKDUH WKH VDPHEHKDYLRUHYHQ
HQWEHFDXVHDSSOLHGRQGLIITHUHQW YDOXHYV

-PSRUWDRWODVV LVDVDEOXHSULQWIRULWV LQVWDQFHYV ,WLVDIDFW
KDYHWKHVDPHVWUXFWXUHDQG VKDUHD FRPPRQ EHKDYLRU

/HW XV LOOXVWUDWHMWKdE ZLWK WKH FODVYV

2EMHFW VWUXFWXUH

IHW XV VW B EeWKBDVY GHILQLWLRQ
H'veve ai'*Ataad @ DiE&-R
°"E&étE“.qtR°t'A-BTE-a0 Y"DiE&Y
“AtaaqtR°t’A-BtE-40 YY
Ut“¢t +0 Y;HHTY

7KHH[SUMVWVLRQ@I'“Ataa0 @ PDIE®@BLFDWHV WHDAE -WKD VXE¥ODVV RI WKH
FODiv.e , W PHDQV WKDW FRXQWHU LQVWDQFHVY XQGHUVWDQG WKH PHV\
H%+“¢,Q 3KDUR FODVVHV VKRXOG DW O HiDA*W ERDXDADOEFOBDVYV ® PRKH FOD
DERXWVXEFODVVLQJDQG LQKHULWDQFHLQ &KDSWHU

7KHQ WK HOFEXPD@WILQHY WKDW DOO WKHLQVWDQFHV ZLO®EKDYH RQH LQV
XVLQJWKH H{BaEHEN 4ROt A+B1E-40 VDEBEHDFK LQVWDQFH &BWKH FODVV
ZLOO K'DYEHCDULDE OG LZIIL MDY DV ZH VKRZHG LQ WKH H[DPSOHV DERYH

JLQDOO\WKH FODVV LV GMIHQHESSIDFWBHHSDWRN DLW G RITROGHU FRQWDLQ
FODVVHV

2EMHFW EHKDYLRU

,QDGGLWLRQDFODVVLVYWKHSODFHWKDWJURXSVY WKHEHKDYLRURILYV
VWDQFHV RI WKH WOEWKDKDLRHWKHLQLWLRQV VXFKEHKDYLRULV GHILC
FODVV

JRUFRXQWHUVY WKHFODVV GHILQHVY KRZWRUHWULHYHWKHFRXQWHU Y
WKHFRXQWDV XVHG LQ WKHPHVVDIJHVLQ WKHSUHYLRXVFRGHVQLSSH

+HUH LV WKH GHIP® MWKERR RIEWWH LPSO\DGGV RQHWR WHEHLQVWDQFH Y|
DiE&*R << °E“R-E-E&
“DiEé 08 “DiEé O -«

:KHQ ZHVHQG D PHVVDJHWRDFRXQWHU IFRUEH PR & OVHKHPWWH RGSUHVVLE
°E“R+E*EALOO EH DSSRDMGFR Q. F-REQYWKW H[S'WU M BLRQe LV FDOOHG
WHKIH FHRY MWWKH PHY\WDEH &

,Q WKH PHENK-REAMWKH YD'WBLEPEBIHHUV WR W K H YDHHAHENGHMKRH MH\MY D J H

I -PSRUWDRWODVV GHILQHPHWKRGYVY WKDW VSHFLI\WKHEHKDYLRURIDO
FODVV

OXOWLSOHPHWKRGVFDQDFFHVVHG WR WKHLQVWDQFH YDULDEOHYV RIV

RGWE“RE<EBDIEEO ™M“R+EDERR°EEHP®O DFFHVV WKH L ®V#DIQVKHY DULDEOH
UHFHLYHU WR SHUIRUP GLITHUHQW FRPSXWDWLRQ
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§3$ &ODVVDQGLQVWDQFHY DUHUHDOO\GL*HUHQW

[ DiE&sR << “DiEEO tE,Eé+"«R

| "PiEé 08 tE,Eée"+B

[ PiE&R << ™e“ReEeEd

| “DPiEe O8 “DiEeé p -

[ DiE&+R << UR°EEGHEO t[6R-TE

diUR UR°EGHEO t[éR-tEU

t[éReTE E+ &Tié AAO Y 0°é- atAieO YO a+A8 “DiEé& UR°E&[&R°E"U

)RUH[DPSOH RQFHWKHIROORZLQJSURJUDPLVH[HFXWHG WKHFRXQW |

ZLOO KROG WKH YDOXH “PWIeQ@REID W N H W H WK RIGEOR I &R O ODVHAV LW W R
DQG DQG M-QDBO-&L. OO0 VHW LW WR

. 08 DIEE+R E+aU

“, "DiESO €U

« CE"ReE-E&U

« CE'ReE-E&U

‘M R.E.ESU

6HOI LV WKHPHVVDIJHUHFHLYHU
,PDIJLQHWKDWQRZZHZRXOGOLNHWRVHQGD PHVVDJHWR WKHREMHFW
‘HQHHG D ZD\WR UHIHU WR WKLY REMHFW 3KDUR GHILQ#HX8D VSHFLDO Y|

|l -PsrRuwD®W&®HOZD\VUHIHUVWRWKHPHVVDIJHUHFHLYHU WKDW LV FXUU

JRUH[DPSOH ZH FDQ LPSOHP‘ €EWEW KaHbivH R/BXB B Z V
DiE&*R << °E“R<E-Eé alb
deA§ °E“R-E-E&U
4°A§ °E“R-E-Eé
KHQ ZH H[HFXWH WKH H[BEME LR®XULQI WKH H[HFXWLRQGR I WKH PHWKE
E-Eé atB-AUHIHUVY WR

'HZLOO H[SODLQKRZDPHWKRGLVIRXQGZKHQDPHVVDJHLV VHQW EXW
LWDQFH L H KRZDFODVVLVGHILQHGLQFUHPHQWDOO\IURP D URRW F

&KDSWHU

$ $&0DVVDQG LQVWDQFHV DUH UHDOO\GL*HUHQW

&ODVVHVDQGREMHFWV DUH GLITHUHQW REMHFWV WKH\XQGHUVWDQG

YRU H[DPSOH EVIWRGWRElE : FODVV UHWXUQV D QHZO\FUHDVEHG FRXQWHU
WRDFRXQWHU UHVXOWV LQ DQ HUURE*“R Qg VW R RVKHRARADWNTZDG WHQGL Q J
DOVRWR DQ HUURU EBHE ®XWHDWBEHERDWRI REMHFWY QRW WKH REMHFW V \

$FODVVLVDIDFWRU\RIREMHFWY $FODVV FUHDWHV LQVWDQFHV $Q L
RI'WKHFODVYV

-PSRUWD®WODVV GHVFULEHV WKH VWUXFWXUH LQVWDQFH YDULDEOHYV
DOWYV LQVWDQFHYV 7KHVWDWHRIDQLQVWDQFHLV WKHYDOXHRILWYV
RQHVLQJOHREMHFW ZKLOH WKHEHKDYLRULVY VKDUHG E\DOO WKH LQ®

S « &RQFOXVLRQ
, QWKLY FKDSWHU\RXVDZ WKDW
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2EMHFWV DQG FODVVHV

$1$Q REMHFW LV D FRPSXWHUHQWLW\WKDW RQFH FUHDWHG UHFHLYH\
WLRQV LQ UHDFWLRQ

$1$Q REMHFW KDV DQ XQLTXHLGHQWLW\
$1$Q REMHFW KROGV VRPH SULYDWH GDWD WKDW UHSUHVHQW LWV LQV

f$ FODVV LV D IDFWRGN RFREKBMHNOMHUYQYDO VWUXFWXUHRIDOO LWV LQ!
RILQVWDQFH YDULDEOH

$f$OO REMHFWV RIWKHVDPHFODVYVY VKDUH WKH VDPH EHKDYLRU L H

¥, QVWDQFH YDULDEOHVDUHDFFHVVLEOHE\DOO WKHPHWKRGV RIDF
VDPHOLIHWLPH WKDQ WKHREMHFW WR ZKLFKWKH\EHORQJWR

1, Q3KDUR LQVWDQFHYDULDEOHVFDQQRWEHDFFHVVHGIURP RXWV|
DUHRQO\DFFHVVLEOHIURP WKHPHWKRGV RIWKHFODVV WKDW GHIL

FOHWKRGV GHILQHWKHEHKDYLRURIDOO WKHLQVWDQFHYV RIWKH FOI
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SHYLVLWLQJ REMHFWYV D((

,QWKHSUHYLRXV FKDSWHU ZH SUHVHQWHG REMHFWV DQG FODVVHYV YLEC
LQWURGXFHD OLWWOHELW PRUHHODERUDWHG H[DPSOH D OLWWOH ILC
HIWHQG LW \OR W SBEQWW QLEXWLRQ BQGH 0 SR DMHLIRIMDH WLHR/SOH ZLO O EH
HIWHQGHG WRSHHYL@@WDE SW H U

$VLPSOHDQG QDLYH 40H VA\VWHP

‘HVWDUW WR SUHVHQW D VLPSOHH[DPSOH WKDW ZH XVH WR SUHVHQW D
DQG QDLYHILOH V\VWHPDV VKRZQLQ )LJXUH KDW WKH GLDJUDP VKR

FILOHV WKDWDOVRKDYHD QDPHDQG D FRQWH®@W d&rbUiti ZH JHW WKU
DQ&EE°E é;-aT°“tRPA

$tGLUHFWRULHVY WKDW KDYHD QDPHDQG FDQ FRQWDLBOtEWKHU ILOHV |
“DE°“DAMDEDRGA TE[*-DPALUHFWRULHV 'LUHFWRBLHRBDQ EH QHVW
WDLQV WKUHH UHSRVILEW FOWEH W HFKWR U & FEREQEV®, ATVt R D 4

.6WXG\LQJD 4UVW VFHQDULR

6LQFH ZKDW ZHZDQW WR GHYHORS PD\EHD ELW XQFOHDU IRU XV OHW X'
UHVW RIWKLVERRNZHZLOO FRGHVXFKH[DPSOHV DV WHVWYV WKDW FDQ
ZRXOG PDNHWKHGLVFRXUVHWRRFRPSOH[ VRZHMXVW XVHOLWWOH FI
‘HFUHDWHWZR GLUHFWRULHYV

A T™ DEoué TMHATM DE°"§ TMATE"T A
™ PpE°*4d O8 A# °Re+“&PR E+0 EtE+O Y“PE°“aVYU
™HA™ PE°“d O8 A# °Re“éDPR E«0 EtE<O YPDA™“DPE°“4VYU

JLIXUH <x6RPH GLUHFWRULHV DQG 40HV RUJDQLVHG LQ D 40H V\VWHP
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SHYLVLWLQJREMHFWV DQG FODVVH

JLIXUH «(—QVSHFWHAR™ DPHEFQE FOLFNLQJREWKWILDEOH

‘HDGGWKHROGFRPLFVIROGHUWRFRPLFVYDQGZHFKHFNWKDW WKH SD
VHW
uuou
™ PpE°“ad t™™ AsEe.EeO ™MHA™ PpE°“aU
™MHA™ pE°“d UtR+Eé 88 ™ PE°“4
<<< éR7e

+HUH ZH YHULI\ WKD WHR KHpEPW 1B QWARKH PHW DFKHHFNY WKDW WKH UH
FHLYHULV WKHVDPHREMHFW WKDQ WKHDUJXPHQW

<RXFDQDOVRLQVSHFWWKHUHFHLYHUDVIROORZVDQGLI\RXFOLFN RC
UHFHLYHU\RX VKRXOG REWDLQ WKHVLWXDWLRQ GHSLFWHG E\)LJXUH

vou
»TMHATM PE°“a °E&aU."@é

"HFRQWLQXHZLWKVRPHTXHULHYV

uuu
™ PpE°*4d UtR-Eé
| <<< E°A

+HUH ZH YHUMHAW KOBIWAFRPSULVHG LQ WKBHEFKELOGUHQ R
[ ouu
™ PDE°“d “-°A™ReE °E“Ai™.3O0 ™MHA™ PpE°“3U

<<< éR7e

‘HFUHDWHD QHZ UHSRVLWRU\DQG ZH FKHFN WKDW RQFHDGGHG WR D SI
WKHFKLOGUHQ

™MATE"tT O8 A# °Re“éPR E+0 ETE.O YETE"TYU

™ PpE°“ad tT™™ AcEesEeO ™MATE"TU

™ PpE°“d “-°A™BeE °E“Ai™ea0 ™MATE"?T

<<< éRie

'H4QLQJD FODVYV

/HW XV VWDUW E\GHILQLQJWKHGLUHFWRU\FODVYV
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«t 'H4QLQJI D FODVV

JLIXUH «<7KH°R“éDRFODVV DQG VRPHLQVWDQFHY GLUHFWRULHV

H Vie“e a7""ATE230 GA# °R<“éDR
CEZETE“+qtR°t'A+BTE«3G0 YUtR<E& EtE+ §°AaY
“AtdadaqtR°t'AeBtE.a0 VY
Ut et «O YA #[Y

KHQ ZH FUHDWHD GLUHFWRU\ LWV ILOHVLVDQHPSW\RUGHUHG FROOH
IROORZLQFEPHWKR G

A# °Re“8DR << °E°é8°tA° «
§°Aed O8 HR™eRe™ PDAA“G°DE E-(

$QHZO\FUHDWHG REMHFWELY VA MXWWKHBDPMNVDWY FUHDENRLRQ 7KHUHIR
é°tA° PHWKRG LVH[HFXWHG

1RZZHFDQ ZULWHWKHARHMW&IRANHHS WKLQJY VLPSOH QRWH WKDW ZH FR
ZKHQDILOHLVDGGHGWRD GLUHFWRU\ LW ZDV QRWEHORQJLQJWR D D
EHLPSOHPHQ@WHGHENaDO t °B+“SHNRGLQIDILOHWRD GLUHFWRU\PHDQV
SDUHQW RIWKHILOHLV FKDQJHGWREHWKHGLUHFWRU\WR ZKLFK LW LV
WRWKHOLVWRIILOHVFRQWDLQHGLQ WKHGLUHFWRU\

A# °Re“8DR << T™™ AsE«EEO T#°A-
t#°Ae UtR-E&O &a-A8U
§°Aea t™M™QO T#°A.
I1RWH WKDW WKH PHWKECEQOPRHW QLFH EXW ZH FKRVH LW RQ SXUSRVH VR

EHOLHYH WKDW GHOHJDWLQJUHTXLUHVY WKDW WKHPHWKRGV KDYH WKH
SDUWRIGXWLHVWRDQRWKHU REMHFW E\VLPSO\SDVVLQJD PHVVDJH

HVKRXOG WKHQ GHILEYH\K 8l PHWK RO QYPEA™MRM R EHDEOH WR UXQ RXU
H[DPSOH
[ A# °RB+"6DR << ETE-O t[6R°E"
| EfE. 08 f[eB°E"
[A# °Re“6PR << UTtR-EEO T#°A-
| UtB<E& 08 f#°A-
[ A# °Be"6DR << UtR-Eé
| k UfB-Ee
[ A# °R+“6DR << “-°A™MR.E
k §°A.a

'LWK VXFKPHWKRG GHILQLWLRQV RXUOLWWOHH[DPSOHVKRXOG UXQ
EHFDXVHZHGLG QRW FKDQJH WKH SULQWLQJRIWKHREMHFWV \HW
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SHYLVLWLQJREMHFWV DQG FODVVH

$4UVW OLWWOHDQDO\VLYV

"KHQ ZH ORRNDWWKHLPSOHPHQWDWLRQ RIWKHPHWKRGWRDGGDILOF
A# °Re*éDXVHG DQRWHKHWU TODBVAA - WHYWRUH WKHLQIRUPDWLRQ DERXW W
FRQWDLQV $QRUGHUHG FROOHFWLRQLVD T TXLWHFRPSOH[REMHFW LYV
VLIH DQGPDQ\PRUHRSHUDWLRQV

‘HVD\WKDW WK+ FODBMOHIDWHY D SDUW RI LWV GXWLHV WR NHHS WKH
ILOHV LW FRQWDHQW -t R WKAH RQGIBVMG/GLWLRQ ZKHQ DQ REMHEW LV H[HFX
MHFW WR ZKLFK LW PD\GHOHJDWH SDUW RI LWV FRPSXWDWLRQ PD\ FKDQC

6XFKEHKDYLRULVY QRWVSHFLILFWRREMHFW LQ SURFHGXUDO ODQJXD.
ILQHGRQDGDWD VWUXFWXUH LWKREMHFWYV LWLVUHDOO\VLPSOH Z

SULQWLQJD GLUHFWRU\

1RZZH ZRXOG OLNHWR JHW WKHGLUHFWRU\SULQWHG LQD EHWWHU ZD\
VKRXOG NQRZ WK DW W&HE B HW/ARR1IEQ REMHFW LV H[HFXWHG ZKHQ WKH V\V
VHQG WKH BRE¥REMYR DQ REMHFW 6RZHFDQVSHFLDOLVHLW

7TKHDUJXPHQW SDVVHGIWER MERSHOPHAWUKHRDE> $ VWUHDPLVDQ REMHFW LQ Z|
VWRUHLQIRUPDWLRQ RQHDIWHU WKH RWXHAKHOWH KRHQIMRKIYE QJ WKH F
EHDVHTXHQFHRIREMHFWYVY VXFKDV VWULQJ ZKLFKLVDVHTXHQFHRI F|

[ A# °Re"6DR << UR°EEHEO t[éR-tE
t[éR<tE CC EtE-

/HW XV WU\

[ A eAe oA, A
*Ae 08 A# °R+“éDR E<0 EtE.O Y“PE°“aYU
<A, 08 A# °R+“eDR E+0 EtE.O YPA™M“PE°“aYU
eAe ™™ AcE.EEO AU
«Ae UR°E&[éR°E"
<<< Y“PE°“ayY
uuu
A, UR°E&[éR°E"
<<< YDA™M“PpE°“ayY

:KDW ZRXOGEHQLFHLVWRJHW WKHIXOO SDWKVRWKDW ZHFDQLPPHGL
WLRQ )RUH[DPSOHZHZRXOGOLNHWRILQLVKZLWKD : -  -WRLQGLFDWH\
FRPPDQG RQ XQLJ[
[ A eAe oA, A
eAe O8 A# °R+“éDR E<0 EtE.O Y“PE°“aYU
«A, 08 A# °R+"éDR E+0 EtE+O YDA™M“PE°“aYU
cAe t™M™ AJE.EEO <A U
«Ae << UR°CEé[éR°E"U
<<<Y“DPE°“4aY
uuu
A, URB°E&[éBR°E"
<<< Y“DE°“GRDA™“DE°“aRY

$ SRVVLEOHGHILQLWLRQLVWKHIROORZLQJRQH

[ A# °RBe"6DR << UR°EEHEO f[&R-tE
UtR+E& °aB°A
°g#tAa-0 & UtR<Eé UR°EEHEO f[&R-tE &U
t[éR«tE CC EtE-U
t[éB-1E CC YBY



«” $GGLQJ40OHV

JLIXUH <14DYLIJDWLQJDQ REMHFW JUDSK E\VHQGLQJPHVVDJHWR GL*HUHQW REMHFW

JLIXUH «<$JUDSK RIREMHFWY WR UHSUHVHQW RXU 40H VA\VWHP

TUN\LWDQG LW VKRXOG SULQW WKHH[SHFWHG UHVXOWY :KDWGR ZH VHI
UHFXUVLYH GHILQLWLRQ 7KHQDPHRID GLUHFWRU\LVLQIDFW WKH FRC
VWUHDP EXW WKLV LVWKHVDPH RIWKHQDPHRILWY SDUHQWYV DV VKR
FXUVLYHIXQFWLRQ QDYLJDWLQJD VWUXFWXUHFRPSRVHG RIVLPLODU
VWUXFWXUH GHILQHG EV\LQGXFWLRQ HDFKSDUHQW B&HHEHOLYHY DQG H[F
PHWKRGDQG UHWXUQV WKHQDPHIRULWY SDUW

$GGLQJ40HV

1RZZHZDQW WR DGGILOHV 2QFHZH ZLOO KDYHGHILQHGILOHVY ZH ZLOO
RIGLITHUHQW NLQGV UHSUHVHQW RXUILOH VA\VWHP ZLWK GLUHFWRULHV

$QH[DPSOH 4UVW
$JDLQ OHW XV VWDUW ZLWKDQ H[DPSOH $ILOHVKRXOG FRQWDLQ VRPH

[ A eAe ™MHA™ PpE°“j A

eAe O8 A##°Ae E«0 ETE«O Y14éRD'D Yb “DEé+E&4A0 Ya-+ 4éPR P& t 'D @iRE«™ °Eéb 1 RD’'Peé
é-tée atae™ é-« OPRA™YU

™MHA™ PpE°“d 08 A# °Re«“éDR E+0 EtE.O YDA™M“PE°“aYU

™MHA™ PE°“d t™™ AcE.EEO «<A-U

«Ae UR°Eé[éR°E"U

<<<

YDA™“DE°“a4RtA4E6RD’'D Y

$ QHZ FODVV GH4QLWLRQ
$JDLQDILOH QHHGV D QDPH DSDUHQWDQGLQDGGLWLRQD FRQWHQWV

‘HGHILQH WAk## AP B VROORZVDQG LOOXVWUDWHG LQ )LIXUH IRWH WK
VDWLVIDFWRU\DQG ZHZLOO SURSRVHD PXFKEHWWHU RQH ODWHU
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SHYLVLWLQJREMHFWV DQG FODVVH

JLIXUH <$%QHZ FODVV DQG LWV LQVWDQFHV

[H'v4eve ai"“Ataa0 GA## A
CEdetE“eqtR°t'A+BtE«a0 YUtR+E& EfE. “DE&+<E&aY
“AtddaqtR°t" ABtE+-a0O VY
Ut et eO YA #[VY

$VIRUWKHGLUHFWRULHVY ZHLQLWLDOL]HWKHFRQWHQWV RIDILOH ZLW
[ A##°Ae << °E°8°tA° o
“DEé&-E&a 08 YV

HVKRXOGGHILQH WKH VYDP-H &R W KRS BRI KLY GXSOLFDWLRQ FRXSOHG
ZLWKWKHIDFWWKDW ZHJHW QHDUO\WKH VDPHFODVV GHILQLWLRQ VKF
ZHGR QRW UHXVHHQRXJKDQG WKDW LIZHZDQW WR FKDQJH WKH VA\VWHF
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JLIXUH <33 LQWLQJD 40H 6HQGLQJPHVVDJHV LQVLGH D JUDSKRIGL*HUHQW REMHFW
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KDWZH VHH LV WKDWWKHUHLVRQHPHVVDIJHDQG VHYHUDOLPSOHPHQ
LQJDPHVVDIJHZLOOILQGDQGH[HFXWH WKHFRUUHFW PHWHERGO)RU H[D
RQHIRUILOHDQG RQH IRU GLUH FW:R ga 0N R O BPQAKR-RI ABVHIVJI H

VDJH

,QDGGLWLRQDPHWKRGFDQEHGHILQHGLQWHUPV RI PHRVEOIEHDY VHQW V
IRUGLUHFWRULHV LV FRPSOH[DQGLWGHOHIJDWHY WKHVDPHPHVVDJH
WUDWHG E\)LIXUH 1™ PKA} P-HEHMIORMADWHY WR WKH 2UGHUHG&ROOHFWLR
IHUHQW PHWNV® JH

2EMHFWYV VWHSSLQJEDFN

1RZWKDWZHVDZVRPHH[DPSOHVRIREMHFWY LWLV WLPHWRVWHSEDF
XHV RIWKHLUVWDWH WKHLUEHKDYLRU VKDUHG ZLWK WKHRWKHU LQV

t6WD{WOHK REMHFW KDV VSHFLILFYDOXHY :KLOHDOOWKHLQVWDQFH
WXUH HDFKLQVWDQFHKDVLWVRZQ YDOXHV (DFKREMHFWKDV D SL
REMHFWFDQQRWDFFHVV WKHVWDWHRIWKHREMHFW LI WKLV RQHG
LQJDPHWKRG UHWXUQLQJ LWi&XFK DV WKH PHVVDJH

1%HKDY(IDRRK REMHFW VKDUHV WKH VDPHEHKDYLRU ZLWK DOO WKH LQ)
F GHOQWIQOMREMHFW KDV DQ LG HQAWL WA L¥A\F D\H P Q IOT QR WK VDPH DV



SHYLVLWLQJREMHFWV DQG FODVVH

JLIXUH <7ZR FODVVHVY XQGHUVWDQGLQJVLPLODU VHWV RI PHVVDJH

([DPSOHV RIGLVWULEXWLRQ RIUHVSRQVLELOLWLHV

'HZLOO QRZLPSOHPHQW WZR IXQFWLRQDOLWLHY WKHVL]JHRIGLUHFWI
WHQWV RIWKHILOHY 7KLV ZLOO VHW WKHFRQWH[WWRH[SODLQ WKH NF
LWLHV

JLOH VL]H

/HW XV LPDJLQH WKDW ZH ZDQW WR FRPSXWH WKH VLIHRID GLUHFWRU\
ZHSURSRVHLVIDQWDVLVWEXW WKLV LVIRUWKHVDNHRIWKHH[DPSOH
VKRXOGDOVR GHILQH ZKDW LV WKH VLIHRIDILOH $JDLQ OHW XV VWDUW
WHVWYV LQ WKH IXWXUH

JLUVW ZH GHILQH WKHILOH VL]HDV WKH VL]JHRILWY QDPH SOXV WKH VL]t
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« E -PSRUWDQW SRLQWYV

6HDUFK

/HW XV LPDJLQHWKDW ZHZDQW WR VHDUFK WKHILOHVY PDWFKLQJDJLYH
WKH VWDJH
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7TRLPSOHPHQW WKLV  EHKDYLRULV TXLWHVLPSOH ZHGHILQH WZR PHWEK
JLIXUH
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« E-PSRUWDQW SRLQWYV

7TKHVHWZR H[DPSOHVRA/SRBREBEQWWYD O

ORGXODU WKLQNLQJ

(DFKPHWKRGLVPRGXODULQWKHVHQVHWKDWLWRQO\VIRFXVHV RQ WK
E\WKHFODVV GHILQLQJWKHPHWKRG 6XFKPHWKRG FDQEHEXLOW E\VF
KDYLQIJWRNQRZKRZVXFKPHWKRGVY DUHGHILQHG ,WDOVRPHDQV WKD
RUUHPRYHRQH ZLWKRXW KDYLQJWRFKDQJHWKHHQWLUH V\VWHP

6HQGLQJD PHVVDJH LV PDNLQJD FKRLFH

'HVH@GHHVVDJIJHDQG RQH PHWRRQ \WPRBQERGNZK WK WKH VDPH QDPH ZLO
VHOHFWHG DQG H[HFXWHG 7KHPHWKRG LV G\QDPLFDOO\ORRNHG XS G
&KDSWHUV DQG 6HQGLQJDPHVVDJHLVVHOHFWLQJWKHFRUUHVSR
QDPHWKDQ WKHPHVVDJH :KHQDPHVVDJHLVYVHQW WRDQREMHEW WKH
LQ WKHFODVV RIWKHPHVVDJHUHFHLYHU

-PSRUWDOMQGLQJIJD PHVVDIJHLV PDNLQJD FKRLFH 7KH V\VWHP VHOHFW
PHWKRG WR EHH[HFXWHG

BRO\PRUSKLF REMHFWYV

‘HFUHDWHG REMHFWYV ILOHV DR\ B RIU WKR V HKQW MW B BMDWK H\ RITHU D F
PRQ VHW RI P&-YRDAMRYEECHED « UTR-EGOTKLY LV UHDOO\SRZHUIXO EHFDXVH
FRPSRVHREMHFWYVY IRUH[DPSOHDGGD QHZ GLUHFWRU\RUD ILOH ZLWHk
LQH WKDW ZHDGG D QHZNLQG RI GLUHFWRULHV ZHFDQ LQWURGXFH LW L
RQ@° +RE-tR“-@LWKROWILQI WKHP

-PSRUWDQWHDWLQJ SRO\PRUSKLFREMHFWVY LVDUHDOO\SRZHUIXO FD S
FKDQJH SURJUDPV ZLWKRXW EUHDNLQJ WKHP

ORVWRIWKHWLPHLWLVYEHWWHUWRJLYHVLPLODUQDPHWRPHWKRGYV !
IHUHQW QDPHV ZKHQ WKH PHWKRGV DUH GRLQJVHPDQWLFDOO\GLIIHUH
MHFWV DUH QRW FRQIXVHG



SHYLVLWLQJREMHFWV DQG FODVVH

7KH SRO\PRUSKLVPLVUHDOO\D VWUHQIJWK RIREMHFW RULHQWHG ODQ
GLITHUHQW REMHFWY L H LQVWDQFHVRIGLIITHUHQW FODVVHV XQLIRU
PHVVDJHV 3RO\PRUSKLVP ZRUNV LQ VIQHUJ\ZLWK WKHLGHD WKDW DQ F
KRZWRUHDFWWRPHVVDIHUHFHSWLRQ ,QGHHG WKHIDFW WKDW GLIIH
PHVVDJHV OHW XV ZULWHFRGH WKDW RQO\WHOO WKHREMHFWYVY WR H[H
DFWO\DERXWWKHNLQG RIREMHFWYV

'LVWULEXWLRQ RIUHVSRQVLELOLWLHYV

7KLVH[DPSOHDV ZHOO DV WKH SULQWLQJRIILOHVDQG GLUHFWRULHV L
REMHFW RULHQWHG SURJUDPPLQJ WKHGLVWULEXWLRQ RIUHVSRQVLE
VLELOLWLHY HDFKNLQGRIREMHFWV LV UHVSRQVLEOHIRUDVSHFLILFI
LVFRPSRVHG RXWRIVXFKGLIITHUHQW EHKDYLRU 7KHVL]JHRIDGLUHFWI
LWVILOHV E\UHTXHVWLQJWKHILOHVWRFRPSXWHWKHLU VL]H

BURFHGXUDO

/HW XV WDNH VRPHWLPHWRFRPSDUHZLWK SURFHGXUDO WKLQNLQJ &R
DQG GLUHFWRULHYVY ZRXOG KDYHEHHQ H[SUHVVHG DV D PRQROLWLF EHK
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:KLOH WKLV H[DPSOHLVDELWH[DIJHUDWHG ZHVHHVHYHUDO SRLQWYV

F)LUVW ZHH[SOLFLWO\FKHFNWKHNLQG RIVWUXFWXUHY ZHDUH PDQ
WRU\ZHGR VRPHWKLQJGLIIHUHQW

$16HFRQG WKHORJLF RIWKH FRPSXWDW §RAQ-AWMOHIQQ D& GQOR\G H QV K H
WKHHQWLWLHY WKHPVHOYHV 7KLV PHDQV LQ SDUWLFXODU WKDW V

$+$ SDUW RIWKHLPSOHPHQWDWLRQ ORJLFLV H[SRVHGDQG QRW LQ FR
LI ZH GHFLGH WR FKDQJH WKH LQWHUQDO VWUXFWXUH RIRXU FODVV
WLRQ WRR

F$GGLQIJD QHZNLQG RIVXFKDVDURRWGLUHFWRU\LY QRW PRGXODU
PHWKRGH8#°A-dEQFWLRQ

KDW\RXVKRXOGDOVRVHHZKHQ\RXFRPSDUHWKHWZR YHUVLRQV LV W
KDYHWRFKHFNWKHNLQG RIREMHFW ZH PDQLSXODWH ,Q WKHREMHFW
REMHFW WR SHUIRUP LWV RZQ FRPSXWDWLRQDQG UHWXUQ WKHUHVXOV

-PSRUWDQRQ-W DVN WHOO 2EMHFW RULHQWHG SURJUDPPLQJHVVHQFI
FKHFENLQJ VWDWH

S %o



<,, BRIDUVRJRRG" IRWIXOO\

< ,, 6RIDUVRJIJRRG" 1RW IXOO\

‘HKDYHD VA\VWHP ZLWKWZR FODVVHVDQG LWRIIHUV VRPHEHKDYLRU FR
EHKDYLRU VHH)LJXUH ‘HFDQKDYHREMHFWY FRPSRVHG RXW RI RW|
ZLWKLQWKHJUDSK 2EMHFW RULHQWHG SURJUDPPLQJFRXOG VWRS KH
SOLFDWHVWUXFWXUHDQG VRPHPHWKRGVY EHWZHHQILOHVDQG GLUHFV
ZHZLOO ORRNDWLQKHULWDQFHLQ &KDSWHU , QKHULWDQFHLV DPHF
FODVVHVIURP RWKHU FODVVHYV

.&RQFOXVLRQ

t$ FODVV GHVFULEHV WKHVWDWH LQVWDQFH YDULDEOHY DQG WKH E
7KHVWDWHRIDQLQVWDQFHLVY WKHYDOXHRILWYVY LQVWDQFHYDULD
REMHFW ZKLOH WKHEHKDYLRULYVY VKDUHG E\DOOWKHLQVWDQFHV R

FLIIHUHQW REMHFWV LQVWDQFHV RIGLIITHUHQW FODVVHV FDQ UHDF
' KHQVHQGLQJD PHVVDJH WKHDVVRFLDWHG PHWKRGLVIRXQGDQG

U
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&RQYHUWHU

, QWKLY FKDSWHU\RX ZLOOLPSOHPHQWD OLWWOHWHPSHUDWXUH FRQ"
GHJUHHV ,WLVVRVLPSOHWKDWLWZLOOKHOS XVWRJHW VWDUWHG ZL
RSPHQW 1HDUWKHHQGRIWKHFKDSWHUZH ZLOODGG ORJJLQJIDFLOLYV
ORIWKHWHPSHUDWXUHV RIFHUWDLQ ORFDWLRQV )RUWKLV\RXZLOO

'HZLOO VKRZ KRZWR ZULWH WHVW WR VSHFLI\WKHH[SHFWHG UHVXOWYV
LVRQHLPSRUWDQW WHQHW RI$JLOH 3URJUDPPLQJDQG 7THVW 'ULYHQ 'H
ODWHU ZK\ WKLV LVUHDOO\JRRGWRKDYHWHVWY )J)RUQRZZH MXVW LP S
ELWDIXQGDPHQWDODVSHFWV RITORDW FRPSDULVRQDQGZHZLOODOV

& ,)LUVW D WHVW

YLUVW ZH GHILQH D VAMBONRE @B V ¥ KYDFek @l MEK L Q W K A SIERNDI R
W LQKHULWYV | dRiP Wak FIKLO/DAOD VYV LV VSHELDO D QePaWIKIRRG EMVDUWLQJ .
H[HFXWHG DXWRPDWLFDOO\ RQHE\RQHHDFKWLPHRQDQHZLQVWDQFI
WHVWVY GR QRW LQWHUIHUH ZLWK HDFK RWKHUV
asdé tae ai’*Ataa0 Ga*EURtéiRs DPEGsRE*Racdé

CEAGTE“+qtR°T'ABTE+20 YV

“AtaaqtR 1t A+BtE-30 YV

Ut“ct"«O YA DEGeRE&<RY

&RQYHUWLQJIURP )DKUHQKHLW WR &HOVLXV LV GRQHZLWKDVLPSOH O]
JHW )DKUHQKHLW IURP &HOVLXV LV) & /IHW XV ZULWH D WHVW FR®
&HOVLXV VKRXOGEH )DKUHQKHLW
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I,WV VHOHFW R&) A8VKBDIW\W WAKIBAPKH W KeREE LX DD R BIHGF -R+E-+° &

F WFUHDWHYV D Q RZEWQA/4WD Q B EluRAEYE LV F D BROGIS MMWH WHVW RU
PRUHWHFKQLFDOO\LWV IL[WXUH

F7KHQ ZH FKHFN XV LQ1aW-i BdPHIVYW DVIKIH H{SHFWHG EHKDYLRU LV UHDOGC

7KH PHVMBICEB[SHFWY D ERROHDQ + HiUBEW-K Bls R [“DE HNY L R 150
fe€i 8 "tUIHWXUQV DeRRRIOMIDH)FRQY HUWH U U H VE XAERWW K H ZIDVCHX H

SE



&RQYHUWHU

7KHWHVWLQJIUDPHZRUNV DOVR RIIHUV VRPHRWKHU VLPLODU PHWKRG
taa.R80-pitPAONHYV WKH HUURU UHSRUWLQJPRUH XVHU IULHQGO\ 7KH SU|
HTXLYDOHQW WR WKH IRi©@RZWLQARQH XVLQJ

+48 +AdcidabD#T-ReE-+°8
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N “DEGeRE-R A
“DEG-Ré&<R O8 a*EU-RT&iR DEG-RE&-R E-0OU
a-A§ taa-Re0 i"PEG+RBER “DEG+RE <Aa°id0 f€i +pPitAdG0 "TUE

7KHPHVMBIEEO-pitAHSHFWYV DQ H[SUHV VLR Q“P DG &HWE O-We +ApbU H

4°140 fEDQGUE<RX FDQ XVH WKH PHVVDJH \RX SUH4EURBO G ZHA AKX IIHVW W F
VLQFHLW ZLOO KHOS\RX WR XQGH U WWD Q ® AR XY PeL YEVD N HPE\AED\L Q J
LQVWHDG RIVLPSO\WHOOL®WAMRX WKDW WKH UHVXOW LV

& .H4QH D WHVW PHWKRG DQG PRUH

:KLOH GHILQLQJaVWi&eH.- R WKB#G -R-EX-VA QI WKH FODVV EURZVHU WKH V\VW
WHOO \RX WK®WIWNKEIRODEMEERHY QRW H[LVW 7KLV LVWUXHEHFDXVH ZF
ILQHLWVRIDU 7KHV\WWHP ZLOO SURSRVHWRFUHDWHLW -XVWOHW W

2QFH\RX DUH GRQH <RX VKR XM KD ¥ it WZER F3@ OM@ER YU R T&iRep

PEu-Ré-BVY ZHOO DV RQ@HiP HMAKIR &P #1-RE-¥H WHVW GRHVY QRW SDVV VLQF|
GLG QRWLPSOHPHQW WKHFRQYHUVLRQ PHWKRG PM&KBRZQ E\WKHUHG
d°idabD#t-ReE-+°8

1RWHWKDW\RXHQWHUHG WKHPHWKRGDERYHDQG WKHV\WWHP FRPSLC
WR PDNHVXUH WKDW\RXNQRZDERXW ZKLFKPHWKRG ZHDUH WDONLQJECL
PHWKRG GHILQLWLRQV ZLWK WKHLU EGPB VYANi°YyRdDH{RPEECHWKKH PHWKRG
FORVAU-RTté&iR PEu-Re-AMaZBHILQHG DVIROORZV
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& t7KHFODVV 7THPSHUDWXU&RQYHUWHU

7KH FQEVVYRt8iR DEGRAMAGHILQHG DVVKRZQ EHORZ <RXFRXOGKDYH GHIL
LQJ WK Hh FEUBPAAE B PEGRE-RaVaJ WKH FODVV GHILQLWLRQ EHORZ

H'Ye*e a1'“At1440 Ga*EURTE&iRe DEGRER
°"EA8TE“sqtR°t' AeBtE«a0 YV
“AtaaqtBR°t'A+BtE-a0 YY
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7KLY GHILQLWLRQLQHVVHQFH VD\VWKDW
1:HZDQW WR GHILQH D QuHMEU~ Q1 VRV 8 ED PrH &3
I WKDVQRLQVWDQFH RYPHODQWWYEW\D/ENDHN J
I, WLV SDFNDJHQ LRESPrRRND JH

8VXDOO\ZKHQ GRLQJ 7HVW 'ULYHQ '"HYHORSPHQW ZLWK 3KDUR ZH IRFX\
SURSRVH XV VRPHGHILQLWLRQYV 7KHQZHFDQGHILQH WKHPHWKRGDV I
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7KH VA\VWHP PD\WHOO \RXWKDW WKHPHWKRGLVDQ XWLOLW\PHWKRG V
DELWWUXHEHFDXVH WKNIFRSQ'H R BMIAW DRU QRZ GR QRW FDUH
<RXUWHVWVKRXOG SDVV &0LFNRQWKHLFRQFORVHWRWKHWHVW PH!

E 1&RQYHUWLQJIURP )DUKHQKHLW WR &HOVLXV

1RZ\RXJRWWKHLGHD /HW XV GHILQHD WHVWIRUWKHFRQYHUVLRQ IUF
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5XQ WKHWHVWVY WKH\VKRXOGDOO SDVV

E "$ERXW5RDWYV

7TKHFRQYHUVLRQV PHWKRG ZH ZURWHUHWXUQV IORDWY )J)ORDWV DUH YV
EHFDXVHLWLY FRPSOH[WRUHSUHVHQW LQILQLWHLQIRUPDWLRQ VXFK
VHFXWLYHLQWHJIJHUV ZLWKDILQLWHVSDFH QXPEHUVDUHRIWHQ UHSL
,QSDUWLFXODU ZH VKRXOG SD\DWWHQWLRQ ZKHQ FRPSDULQJWZR IORI
WZRIORDWV DQG WKHVXPLVQRWHTXDO WR WKHLU VXPV
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{< §tA&-

7KLV LVEHFDXVHWKH VXPUDY QFRIWMRVW HJ XIDFEOAWMRKEN €EX PeEldtke €€,
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7TRVROYH WKLV SUREOHP LQ SKDUR LWLVWKHVDPHLQPRVWSURJUDPP
HTXDOLW\WR FRPSDUH IORDWYV E XV} a0 ARMUA® B\WHORIR VVEIDNEY VXFK DV
VKRZQ EHORZ
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< EéRTe
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< EéRTe
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FODVVDMWELRst“ a0 & RWKH[SUHVVLRQVDUH FUHDWLQJWKHVDPHGLHE

/HW XV ORRN DW LW

$,Q WKH H[SUHWALLRIQ-aONKH P HYé DtI 4DV VHQW WR WKW E@DVV
QRW QHZ ZHFRQVWDQW ®\WHRE W RVKWHTHVN G L) VWD Q FH V

$f7TKHUHIRUH ZH VKRXOG GHILQHD PHWKRG WKDW ZLOO EHH[HFXWHG
/HW XV GHILQH D WHVW IRU LW

eaed8 << £+36 RetEé°DE,&H¢
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:KDW WKHWHVW FOHDUO\VKRZV LV WKDW@BWUWWHQIGLQJ D PHVVDJH W

'"H4QLQJ D FODVV PHWKRG
'"HIL Q HR/OHBAW KR&G#1t“«aDV IROORZV

$+&OLFNRQ WKH FODVVEXWWRQLQ WKHEURZVHU WR PDNH VXUH WKDYV
VKRZQLQ)LIJXUH ;;

F'HILQHWKHPHWKRGDVIROORZV
°e "Ataa << 0°é-#t1"-a0 tBIiE'R
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/HW XV H[SODLQ WKLV PHWKRG
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&UDIWLQJD VLPSOHHPEHGGHG '6/ ZLWK 3KDU

$17KH PHWIKRBGt*+aBUHDWHYV DQ LQVW D Q F E.X \6IL QiF MaK H SPUH/WHDQ W V
WKHUHFHLYHURIWKHPHVVDJHDQG WKH U KFIHY H CEIRVSWHK® PHV VD JF
UHSUHVHQWY-WKH FODVV

$7KHQ WKH PHWKRG VH Q1G\ WRH\PKH/ VOUWD QFH DQ G
$)LOQDOO\UHWXUQV WKH QHZO\FUHDWHG LQVWDQFH

3D\UHDOO\DWWHQWLR Q°W-iPWaD\FOIDY W RWHRADKIRGEDVY DQG DQ LQVWDQFF
VHQW WR WKH QHZO\ U HDWVAVEH VKW WWQFKIH FODVV PHWKRG FRXOG KDY H
§t*.ad®RUDQ\QDPH ZH ZDQW LW GRHV QRW PDWWHU LW LVH[HFXWHG ZKH

JVRX H[HFXWH LW ZLOO QRW ZRUN VLQFH ZH“6aloG IQIRWL K LQHRZWAHK\HH W MWPKAH F
WR GHILQH LW 3D\ DWVWHQM\RYHOKHWRWRRGVWDPREB RRWKWKHD DV V
FODVVLWVHOI ,WLVDQLQVWDQFHPHWKRG WKHUHIRUHPDNH VXUH Wk
IRUHHGLWLQJ LW

°e << §t1“«80 tBIE'*R
§t“sd O8 tBIiE'sR

1RZ\RXU WHVWV VKRXOG UXQ: BRXOG® QA3 WHKMHOMWPRUH EHKDYLRU ZH D
WRLPSOHPHQW D GLH KDQGOH

_PSRUWD®WODVV PHWKRG LV D PHWKRG H[HFXWHG IFQDMBEWLRQ WR PH
GHILQHG RQ WKH FODVV VY.L G°H-R t WaOH , BACKTHV/H /¥ Ded M aDV VH QW

WR WKHFOWVE-0 §+*40 ,8VKH P HE&-\DV M H Q WF\U BPWIKQIG WK H P H V

VD EH -2 V VHQW. W RWIKBFXU QH G &\

>2SWLRQDO@ $OWHUQDWH LQVWDQFH FUHDWLRQ GH4QLWLRQ

,QDILUVWUHDGLQJ\RX FDQNOIRSW KRG GHHFWMHRBPEERRYH LV VWULFWO\
HTXLYDOHQW WR WKHRQHEHORZ
°e "Ataa <

. a 0°é-#1“+a0 tBIiE'*R
k a<A§ E

<
0 §t“+a0 tBIiE'*RP DiR&*AS
/HW XV H[SOD4&.Q UW BIEHWH Q W V- WWMN IHO D \6\H Q G L Q JA. WV AMKFHJPMHHDVWAWHD J H
DQLQVWDQFH D@GMEHY VIO IMKHBQG ZH UHWXUQ WKHH[SUHVVLRQ 6R ZK
WKH PHW/DRaA87KH PHVP RIHAEY QHHGHG WR PDNH VXUH WKDW ZKDWHYHL
LOQVWDQFHsPHYWBYWHXUQV WKHLQVWDQFHFUHDWLRQ PHWKRG ZHDUH G
FUHDWHG LQVWDQFH <RXFDQWU\WRUH@MLRONKHLQVWDQFH PHWKF
°e << §t“e30 tBIE'R
§t“+«a O8 tBIiE'«RU
k ff

‘LWKRXW W KeHREVAER 1 G°6-#1“+80 ZLOO UHWXURIiBE-ABMKZLOO UHWXUQ WKH
LQVWDQFH

7KHWULFNoLE®aWABD Y VLPSOH PHW KR G -GHODQMH/G RIQH B HM VABJI H
UHWXUQV WKHUHFHLYHU R DHPHEFY WKH FKMWKVHRWR WKH UHFHLYHU RV
PHVVDJHs§KHWOH/ KH PHViBd+theY WKHQ VHQW WR WKH REMHFW UHVXOWLQ

WLRQ RI WKH E{8sUENAIRRK UHWXUQV D QHZ LQMW DY PHRIQVKH KBQFN
LWUHWXUQV WKH QHZLQVWDQFH

JLUVW VSHFL4FDWLRQRID GLHKDQGOH

/HW XV GHILQH D-@tHZvARIOYW UHSUHVHQWY D GLH KDQGOH +HUHLV WKH ¢
OLNHWRRIIHUIRUQRZ DV VKRZQLQ)LJXUH ‘HFUHDWHDQHZKDQG

off



wn %0 'HAQLQJ WKH ' 'LH+DQGOH FODVYV

JLIXUH ,,$t1GLH KDQGOH LV FRPSRVHG RI GLFH

[ e)TE™A. E-d
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2 FRXUVHZH ZLOO GHILQHWHVWV ILUVW IRUWKMAQMIZZFODVY :HGHILQ
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7THVWLQJIJD GLH KDQGOH

"HGHILQHD QHZ WHVW PHWKRGDVIROORZV :HFUHDWHDQHZKDQGOHT
GLH RI IDFHV HYHULI\WKDW WKHKDQGOHLV FRPSRVHGRIWZR GLFH
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,QIDFWZHFDQGRLWEHWWHU /HW XVDGGDQHZWHVWPHWKRG WR YHU
KDYLQIJWKHVDPHQXPEHURIIDFHV
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1RZWKDW ZH VSHFLILHG ZKDW ZH ZDQW ZH VKRXOGLPSOHPHQW WKH HI:

wy 0H4QLQI WKH'LH+DQGOH FODVYV

7KH FODNME™A-QKHULWWEBREG LW GHILQHV RQHLQVWDQFH YDULDEOH WI
FRQWDLQV
H've“& ai'*Ataad UUU
UUU xDPiBR abAié°PE UUU
‘HVLPSO\LQLWLDOL]JH LW VR W+ DFRIQMADIL Q@ WVD A I\ VEQEHE B i
8°PbE
e )TE™Ae << °E°&°TA°
UUU xbiR abAiée°PpE UUU



&UDIWLQJD VLPSOHHPEHGGHG '6/ ZLWK 3KDU

YLIXUH ,,—~RVSHFWLQJD 'LH+DQGOH

7TKHQ GHILQH D VLP8O®H®WRWIGRE® GLH WR WKH OLVW RI GLFHRIWKHKDQG
PHVVDPIMMHQW WR DFROOHFWLRQ

°.)TETMA. << t™M™ °.H f °.
UUU xbPiR @DPAié°DPE UUU

1RZ\RXFDQH[HFXWHWKHFRGHVQLSSHWDQGLQVSHFWLW <RXVKRXO!

XUH

SO TE™A. E-Q

Mmoo § °e 0°@-#1*+a0 tib
™M™ ee | °e 0°8-#1“+80 «€ib
PiRA-AS

JLQDOO\ZH VKRXOG IG‘GBWK M/ RHWKHHES AODVV WR EHDEOH WR JHW WKH C
RIGLFHRIWKHKDQGOH :HMXVWUHWXUQ WKHVL]JHRIWKHGLFHFROOH|!

Se)TE™As << ™eU.BTE'.R

K ™©°o«e F° o

1RZ\RXU WHVWV VKRXOGUXQDQG WKLVLVIRRGPRPHQWWRVDYHDQG ¢

ww S-=PSURYLQJSURJUDPPHU H[SHULHQFH

1RZZKHQ\RXRSHQDQLQVSHFWRU\RXFDQQRW VHH ZHOO WKH GLFH WKI
RQ WKMLQVWDQFH YDULDEOHDQG \RX°ZLA QK@ G W HW IV OHUW@®RIRUPD WL
"KDW ZH ZRXOG OLNH WR JHW°kVMRBHWKLEQUVROWKIBW LQ DJODQFH ZH NQR
WKHIDFHV D GLH KDV

e )TE™A. EoQ

™M™ ceO i °e 0°&-#1"+50 tib
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PiRA-AS

7KLV LV WKHRHREWBRHKDW LY UHVSRQVLEOH WR SURYLGH D WH[WXDO UHS
VDJHUHFHLYHU %\GHIDXOW LW MXVW SULQWWR WHeENERDPHH RI WKH FOD V!
ZLOO HQKWQ+HH MBIGHV KR G RI MAKMHVYVY WR SURYLGH PRUHLQIRUPDWLRQ +H
SO\DGG WKHQXPEHU RIIDFHV VXUURX EG HBBE\EDIHIQOMMKHIML Z L TAKKHD

VWUHDP DV DUJXPHQW 7KLV LVLQVXFKVWUHDP WKDW ZHVKRXOGDGG



.n ¢ SROOLQJD GLHKDQGOH

JLIXUH ,,')LH GHWDLOV

E. 6Tiée AABMRDGG D QXPEHURI FKDUDFWHUV WR WKH VWUHDP :HFRQFDW
SRVIHXVLQJ WKH GHR/NMPDBHILQHG RQ FROOHFWLRQYVY DQG WKDW FRQFDW
VWULQJIV

°e << UR°EEHEO t[éR-tE
4iU+B UR°EEHEO t[éRtEU
t[éR+tE E+ 6Tié AAO Y iYO 8t“+8 UR°E&[eR°E"O ViV

I1RZLQ\RXULQVSHFWRU\RXFDQ VHHHIIHFWLYHO\WKHQXPEHU RIIDFH\
JLIXUH DQGLWLVQRZHDVLHUWRFKHFNWKHGLFHFRQWDLQHG LQVL

v ¢<ODROOLQIJD GLHKDQGOH

1RZZHFDQ GHILQHWKHUROOLQJRIDGLHKDQGOHE\VLPSO\VXPPLQJ U
,PSOHPHQMRKWKRG RIHWKHFODVYV 7KLV PHWKRG PXVWFROOHFW WKH U
HDFKGLFHRIWKHKDQGOHDQG VXP WKHP

<RXPD\ZDQW WR KDYH D O& RINQDPWKWM BIDBMMWRRXVHD VLPSOH ORRS

[ ce)TE™A. << RDAA
UUU xPiR aPAié°PE UUU

1RZZHFDQ VHQG WRA®WR DVEALHKDQGOH
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'"HILQHD WHVWWRFRYHUVXFKEHKDYLRU 5ROOLQJDQ KDQGOHRIQGLF
RIWKHIDFH QXPEHURIHDFK GLH
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UUU xPiR aDAié°PE UUU
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&UDIWLQJD VLPSOHHPEHGGHG '6/ ZLWK 3KDU

JLIXUH ,,$%LH KDQGOH ZLWK PRUHLQIRUPDWLRQ

JLIXUH ,,$SRO\PRUSKLF $3— VXSS RW D/\W/SW WEHFLCS O H

.. ESERXW 'LFHDQG 'LH+DQGOH $3-

,WLVZRUWKWRVSHQG VRPHWLPHY ORRNHPE PDAYQWKH BBOBWLRQVKLSE
KDQGOHLVFRPSRVHG RIGLFHVY KDWLVDQLPSRUWDQWGHVLJQ GHFLYV
KDY L®BALY WKH VDPHIRUD GLHRUD GLH KDQ GIPARKRE GDRH/RIQYPB WKH PF
GLHKDQGOH 7KLVLVDQLPSRUWDQW SURSHUW\

‘K\" EHFDXVH LW PHDQV WKDW IURP D FOLHQW SHUVSHFWLYH VKH KH FD
LQJWR WDNHFDUHDERXW WKHNLQGRIREMHFW LW LV PEAQLEEXODWLQJ
DQREMHFWDQG JHW EDFND QXPEHU DV VKRZQLQ)LJXUH 7KH FOLH
WKDW WKH UHFHLYHU LV FRPSRVHG RXWD VLPSOHREMHFW RUD FRPSOH
WKRQ W D8N LWHIOSO H

o fF



.f S5ROH SOD\LQJV\QWD]|

-PSRUWDRWHULQJ SRO\PRUSKLF $3,LVDWHQHWRIJRRG REMHFW RULH
'RQ-WDSBNLWHIOSOH &OLHQWV GR QRWKDYHWR ZRUU\DERXW WKH W\S
WDON WR

JRUH[DPSOHZHFDQ ZULWH WKHIROORZLQJH[SUHVVLRQ WKDW DGGV D (
DQGFROOHFWWKHGLITHUHQW YDOXHY ZHFRQYHUW WKHUHVXOW LQWH

ERRN
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$ERXWFRPSRVLWLRQ

&RPSRVLWHREMHFWV VXFKGRFXPHQWREMHFWY DERRNLV FRPSRVHG
RIVHFWLRQV DVHFWLRQLVFRPSRVHG RISDUDJUDSKY KDYHRIWHQDP
VKLS WKDQ WKHFRPSRVLWLRQ EHWZHHQ GLHDQG GLHKDQGOH 2IWHQ V
VHQVHWKDWDQHOHPHQW FDQ EH WKH ZKROH IRUH[DPSOH DGLDJUDP
DQGRWKHUGLDJUDPYVY :HZLOOVHHDQH[DPSOHRIVXFKFRPSRVLWLRQ |

ww n[DROH SOD\LQJ VIQWD|

1RZZHDUHUHDG\WRRIIHUD VIQWD[IROORZLQJ SUDFAWRHBHUROH SOD
DWHD KDQGOHRIWZR GLFH ZLWK IDFHVHDFK )RUWKLV SXUSRVH ZH Z
ZLOO GHILQH PHWKEGV «BE)XMKW KID\VDH/ RHW KRGV ZLOO EH RQO\DYDLODEO
DJH'LFHZLOOEHORDGHG

%XWILUVW OHW XV VSHFLI\ZKDW ZHZRXOG OLNH WR-RIEWDLQ E\ZULWLQ
™Aeae3&HPHPEHU WR DOZD\VWDNHDQ\RSSRUWXQLW\SWRHZULWH WHVWYV
VKRXOGJHWD QHZKDQGOHFRPSRVHGRIWZR GLFHDQG@G-E®Q YHULI\WKD
[FEUA)TE™MA*GRLQJ

°e)tE™Acacdé << é+d&[°EUA)TE™A.

d+A8 tda-Re0 , ,€ ™°“.BiE’eR 8 ,U

S9HULI\WKDW WKHWHVWLY QRW ZRUNLQJ ,WLVPXFKPRUHVDWLVIDFWR
QRW ZRUNLQJEHIRUH 1RZ GHIILWK BV & Ul P\ RBKARGBHE BPIR Gt “ ¢ t 7+

Yi °*«- LI\RX QDPHG \RXU'SPFROOHWWDU SUHIL[LQJD SURWRFRO QDPH LQC
WKHSURWRFRODQGLWY PHWKRGV EHORQJWRDQRWKHU SDFNDJH WKD (
ZDQW WR VD\WKDW ZK4& DHOGWKHPHO KR& KMIFMDBKRXOG EHVDYHG ZLWK W
SDFND3H

7KHPHWKRGPSO\FUHDWHY D QHZ GLHKDQGOH DGGV WKH FRUUHFW QXF
DQG UHWXUQV WKH KDQGOH

Eée"eR << £

UUU xDiB &DAI&°DE UUU

$ERXWFODVV HIWHQVLRQV

‘HDVNHG \RX WR S O D FeHLW KDHSRHRWMKRRF(R O VW DUWLQJ ZLWK D VWDU DQG KD
WKH SDIWNDPJM EHFDXVH ZH ZDQW WKLV PHWKRG WR EHVDYHG DQG SDFN
FRGHRIWKHFODVVHV ZHDOUEDGAs\ FUBDWHGLQ 3SKDUR ZH FDQ GHILQH P
LQFODVVHV WKDWDUHQRWGHILQHGLQRXUSDFNDJH 3KDURHUV FDOO
DGG PHWKRGV WR D FODVYV WK D WeLLW @GRAWLRXHGVR JiR KR FRODW N F K

Wf”



&UDIWLQJD VLPSOHHPEHGGHG '6/ ZLWK 3KDU

PHWKRGV RQO\PDNHVHQVH“2ZKN Q@ REKGH® FNOLMILY ZK\ ZH ZDQW WR VDYH
VXFKPHWKRGY ZLWK WKH SDFNDJH ZH FUHDWHG 7KKV ¢“VWZK\ZH DUH GHI
7KLYV QRWDWLRQLVDZD\IRUWKHV\VWHP WRNQRZWKDWLWVKRXOGVD
DQG QRW ZLWK WKH SDENDJH RI WKH FODVYV

1RZ\RXUWHVWV VKRXOG SDVVDQG WKLVLV SUREDEO\DJRRGPRPHQWV
OLVKLQJ\RXU SDFNDJHDQG WRVDYH\RXULPDJH

"HFDQ GRWKHVDPHIRUWKHGHIDXOWGLFHZLWK GLIITHUHQW IDFHV QXP
DYRLG GXSOLFDWLQJORJLFDQGFRGH 6RILODYZBEDZVOOG RQWWRGXFH D
ZLOOGHILQHDOO WKHRWKHUYV

ODNHVXUHWKDWDOOWKHQHZPHWKRGY . WHR YGIEHG R X F\DKHSSUHRWR FR
WKHEXWWRQ %WURZVH RIWKHORQWLFHOOR SDFNDJHEURZVHUDQG \RX \
WKH Fe& V¢
[ Eae"eR << O tE,E&+"R

UUU xPiR abAié°PE UUU

Eée el << £

k a-Asg O ,¢

HKDYHQRZDFRPSDFWIRUPWRFUHDWH GLFHDQGZHDUHUHDG\IRU W
GOHV

sy »ntDQGOH VDGGLWLRQ

1RZZKDW LV PLVVLQJLVWKDW SRVVLELOLW\ WRDGGEVHFREDUHKDQGOH
OHW.-VZULWHD WHVWILUVW WREHFOHDURQ ZKDW ZHPHDQ

e )TE™Asaedé << E+48[IEE°E"

A _TETMA. N
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'HZLOO GHILQWRPWWKRGQGOH'LFHFODVV ,Q RWKHU ODQJXDJHV WKLYV
RULVEDVHGRQRSHUDWRUG®RWHWORD G PRV VRIBKDYRQ\RWKHU WKHUHI!
GHILQHLWRQ WKHFODVVHV ZH ZDQW

1RZZH VKRXOGDVNRXUVHOIZKDW LV WKHVHPDQWLFVRIDGGLQJWZRK
FHLYHURIWKHH[SUHVVLRQRUFUHDWHD QHZRQH :HSUHIHUUHG D PRU
FUHDWHD WKLUG RQH

7KHPHWKBBDWHV D QHZKDQGOH WKHQDGG WR LWWKHGLFHRIWKHUHF
GOHSDVVHGDVDUJXPHQWWRWKHPHVVDJH )LQDOO\ZHUHWXUQ LW

e )TE™Ae << O T °e)tTE™A-.
OUUU xbiR abAié°PE UUU

1RZZHFDQ H[HFXWH, W,KHP-HWKRAALFHO\DQG VWDUW SOD\LQJUROH SO
RI'FRXUVH

Jf %o



&RQFOXVLRQ

we » -&RQFOXVLRQ

7KLVFKDSWHULOOXVWUDWHY KRZWRFUHDWHDVPDOO '6/EDVHG RQ Wi
KHUKH DQG)TE™MADQG WKHH[WHQVLRQ RJEERUM ,MODYVR/XKRDWWKDW ZH
FDQ FUHDWH SDFNDJHV ZLWK DOO WKHPHWKRGVY WKDWDUHQHHGHG HY|
FODVVHV H{WEBQDWKWKH SDFNDJH ,WVKRZV WKDWLQ 3KDUR ZHFDQ X
VXFKODAR H[SUHVV QDWXUDO PRGHOV
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6HQGLQJD PHVVDJH LV PDNLQJ

,QWKLV FKDSWHURZHVHHESRYEDERPIQREMHFW RULHQWHG SURJUDPPLQJ 6H(
PDNLQJD FKRLFH

2EMHFW RULHQWHG SURJUDP RLQW H K RMKEHRQEF WOANSKIHY WEW PHW KRG WR |
ZLOORQO\EHGHWHUPLQHGDWUXQWLPHEDVHGRQWKHUHFHLYHU ,Q |
LQIWRVHOHFWWKHFRUUHFW PHNWNRBGEG Q,JDENHDWE KHLAVWKHWHVYIRY WKD\
VLPSOHDFWLRQV VXFKDVVHQGLQJD PHVVDJH DUHDOVRDSRZHUIXO |

7KLV DVSHFW LV RIWHQ QRW UHDOO\ZHOO SXW LQ SHUVSHFWLYH LQ WHI
RQLQKHULWDQFHEXW XQGHUVWDQGLQJWKHSRZHURIPHVVDJH SDVVL
7KLV SRLQW LV VR FHQWUDO IRUPH WKDW WKLV LVWKHILUVW SRLQW WK
YDQFHG GHVLJQ WR SHRSOH DOUHDG\XQGHUVWDQGLQJREMHFW RULHC
WKH'HVLJQ 3SADWWHUQV DUHEDVHG RQ WKH IDFW WKDW VHQGLQJD PHVV
PHWKRG EDVHG RQ WKH PHVVDJH UHFHLYHU

7TRLOOXVWUDWHKRZVHQGLQJD PHVVDJH SHUIRUPV D G\QDPLF FKRLFH
SOHDYDLODEOHLQ WKHFRUHRI3KDUR WKH %RROHER@DQIXKDUR GHILQH
§tAd+7KH\DUH VR IXQGDPHQWDO WKDW\RXFDQQRW FKDQJH WKHLU YDO>
DOVR XVHODWHELQGLQJLQD UHDOO\HOHJIJDQW ZD\ ,ZLOOH[SODLQ KR
MXQFWLRQ RU DUHLPSOHPHQWHG 7KHQ,ZLOOVWHSEDFNDQGDQDO\
LPSRUWDOQFH

JAHIDWLRQ WKHQRWPHVVDJH

%RROHDQ QHIJDWLRQ KDV QRWKLQJVSHFLDOLQ 3KDUR QHJDWLQJ D ERI
JRUH[DPSOHWKHVQLSSHWY EHORZVKRZWKLVY  FRQYHQWLRQDO EHKDY
6HQGLQJ WK PAWRWDIKH %RROHWIRUQY WEHA%RROHDQ

éRie EPé

<<< §tAia-.

§tAd. EDE&

<<< éR7e

IRWKLQJIDQF\ 2I FRXEvH WKBHHPHUNYGBD/IWR %RROHDQ H[SUHVVLRQV L H
ZKRVHH[HFXWLRQ UHWXUQ %RROHDQV DV VKRZQ EHORZ
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6HQGLQJD PHVVDJHLV PDNLQJD FKRLFH

JLIXUH ,.7KH WZR FQBYVDIQBtAGD QG WKHLU UHVSHFWLY HORQIDTXGHt AGYWD Q F H V

JLIXUH ,.7ZR PHWKRGV IRURQH PHVVDJH

1RZZKLOH 3KDURIROORZV WUDGLWLRQDO %YRROHDQ ORJLF ZKDW LV OH
WKHZD\WKHFRPSXWDWLRQLYGRQHWRDQVZHU WKHFRUUHFW YDOXH

~PSOHPHQWLQJ QRW

7TDNHD FRXSOHRIPLOQXWHVDQG D SLHFHRISDSHUDQG WKLQNDERXW W
PHVVDJH 7U\UHDOO\WR ZULWH WKHFRGHIRUUHDO

$4UVW KLQW

$ILUVW KLQW WKDW , FDQJLYH\RXLV WKDW WKHVROXWLRQ XVHG LQ 3K
QRW XVH H[SOLFLW F RExG L+ RIIBABD-O A6% FAKaDY

7TDNHDELWPRUHWLPHWRWKLQNKRZ\RXFDQLPSOHPHQW QRW :KDW Z
QRWEDVHGRQELWILGGOLQIJDQG ORJLFDORSHUDWLRQRQVPDOOLQW!
VLPSOHDQGHOHJDQW

$ VHFRQG KLQW

7KHVHFRQG K&®VD D¥EWEHEDUM LQVWDQFHV RI GRi4HU MKW KQR VX H VL Q
VWDQFH RI ¥MKEKIOBHaLY WKH XQLTXH LQVWA@FHRRHMWKKH BDYNU
FDVHRQFODVV QDPHV 7KLV VLWXDWLRQLV GHSLFWHG LQ )LJXUH

:KDW\RX VKRXOG VHH LV WKDW WKHIDFWWKDW WKHVROXWLRQ KDV WZF
KDYH WZR GAH - PSHDHWHQWDWLRQV DV VKRZQ E\)LIJXUH ,QGHHG DV Z
FKDSWHUV ZHFDQKDYHRQHPHVVDIJHDQG PXOWLSOHPHWKRGY WKDW |
GHSHQGLQJRQWKHUHFHLYHU RIWKHPHVVDJH

1RZ\RX VKRXOG EH UHDG\WR JHW WKH VROXWLR&R :8 NIKRHBGEIQDYH D G H
WKH FaBDBQG R Q& ARUQ WK H#F BD V V

6WXG\LQJWKHLPSOHPHQWDWLRQ

7TKHLPSOHPHQWDWLRQ REQHMNMGHIRQ HHFHYY DO XVWUDWHG LQ )LIXUH
EHORZ 7KH PHR KRG FOYYLPSO\VUHWXUQEWREKH %RROHDQ



..t -PSOHPHQWLQJGLVMXQFWLRQ

JLIXUH ,.7ZR PHWKRGV IRURQH PHVVDJH HDFK RQH UHWXUQLQJ WKH RWKHU LQVWDQ

JLIXUH ,.6HQGLQJD PHVVDJH VHOHFWV WKH PHWKRG LQ WKHFODVV RI WKHUHFHLYH

[aRis << EDeé
UB"'Té"DEbbTEéﬁ'B §TAde E°E“e 8-+ Re“e°(1sB °4 &RIUU
k 8tAa.
[ #tAa. << EDé
UB"'Té"DEbbTEéﬁ'B 8RTe A°E“s &-¢ Re“e°(eR °& §tA&-UU
k éR7e

JLIXUH VKRZV WKDW VHQGLQJD PHVVDJHWRRQHRIWKHWZR %RROH
UHVSRQGLQJFODVYV KDWLVLPSRUWDQWWRVHHLV WKDW ZKHQ D PHW!|
WKHFODVV RUVXEFODVVZHZLOO VHH WKDW ODWHU WKDW GHILQHYV Wi
ZHGHILQHD PHWKRGLQDJLYHQFODVVZHNQRZWKDW WKHUHFHLYHU L
%XWLPSRUWDQW 7KHLPSOHPHQWDWLRQFDQ WKHQ XVHWKLV LQIRUPEL
HIDFWO\ ZKDAMWPWRHPHQWDWLRQ GHRHE/H MKIHHRBHRAER &N R DW W K D W
WKHUHFHLYHULV WUXH \6RAW MXVW KDV WR UHWXUQ

IRWH:KHQ ZH GHILQHD PHWKRGLQDJLYHQFODVVZHNQRZWKDW WKH L
2EYLRXVEXWLPSRUWDQW 7KHLPSOHPHQWDWLRQFDQ WKHQ XVH WK

1RZZH ZLOO VHH LI\RX JHW LW /IHW XV WU\ ZLWK D VOLJKWO\PRUH FRP

... "PSOHPHQWLQJGLVMXQFWLRQ

'LVMXQFWLRQLVDOVRD FRUHIXQFWLRQDOLW\RIDQ\SURJUDPPLQJ OD!
SUHVVHG YLD WKH+HRHHVD/DHMW KH WUDGLWLRQDO WDEOHVY GHVFULELQJGL
SKDUR ILUVW VAR DDWU R B L WHKU

RU WUXH IDOVH
WUXH WUXH WUXH
IDOVH WUXH IDOVH

+HUHDUHDFRXSOHRIH[DPSOHV H[SUHVVHG LQ 3KDUR

ERTe N ERTe
<<< éR7e



6HQGLQJD PHVVDJH LV PDNLQJD FKRLFH
<<< éR7e

{ém‘- N §gtAd.

§tA&d. ~ §tAa-
<<< §8f7F

>

an

JRUWKHUHFRUG LQ M2P\S OHRHRAWWDQHDJIJHU GLVMXQFWLRQ VLQFH LW
DUJXPHQWHYHQ ZKHQ QRW QHHGHG DQG 3KDURDOVR RIIHUV OD]\ GLVM}
VDOBEZKLFK RQO\UHTXHVWV WKH DUJXPHQW YDOXH LI QHHGHG

KHQ UHFHLYHU LV WUXH
3URSRVHDQLPSOHPHQWDWLRQ RIWKHGLVMXQFWLRQIRUWKHILUVW F
ERTe

RU WUXH IDOVH
WUXH WUXH WUXH

:KDW\RXVKRXOG KDYHOHDUQHG | UFFoRLW KVHK IDRAS YIREKPKHOOWH DWVWZIRR@LRIH U H Q V
PHWKRGV WDNLQJDGYDQWDJHRIWKHIDFWWKDW WKH\NQRZ ZKDW LV W
[ eRie ~ &R
| <<< ERTe
[ emie ~ §tAa-
| <<< ERTe
[ eRis ~ tE 6-°E"
| <<< ERTe

"KHQ\RX ORRNDW WKHWDEOH ZH V Haf MMK B BV IZHKNHQOMKIHVUMKEH YV D IR B DW W K
FHLYH®Rl: HQ 3KDUR WKHRRHVBBR&F[SUHVV WKLV DVIROORZV
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k éR7e

KHQ UHFHLYHU LV IDOVH
6LPLODUO\OHW XVVWXG\WKH %RROHDQ WDEOHUHODWLYHWRIDOVH D

RU WUXH IDOVH
IDOVH WUXH IDOVH

+HUHDUHVRPHVQLSSHWYV
[8tAas ~ &Ris

| <<< ERTe

[§tAs. ~ §tA&-

| <<< §tAae.

[§tAas ~ tE &-°E"
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HVHH WKDW ZKHQ V¥ KA UMEH UHNWX OW RI WKHGLVMXQFWLRQ LY WKH RWHK
3KDUR WK H"RHQANACGRIA/2LY WKHQ DVIROORZYV
#tAd. << A~ t+ DPA-TE

U GtAiTé°E” HR pp TE&AQR (°&- é-« TR"TEEEO t+ PDA-TEUU

k + DPPDATE



,... T $ERXWLI7UXH LI)DOVH LPSOHPHQWDWLRQ

JLIXUH ,..LVYMXQFWLRQLPSOHPHQWDWLRQ WZR PHWKRGV

IPERXWLI7TUXH LI)DOVH LPSOHPHQWDWLRQ

1RZ\RXVKRXOG VWDUW WR JHW WKH SULQFLSOH /HW XV VHHKRZLW ZRL
VDJHV VXgaR D& s#tAa<®tlV IXQGDPHQWDO PHVVDJHV VXFKDV FRQGLWLRQ]
XVLQIJWKHVDPHPHFKDQLVP ODWHELQGLQJ

:KDW\RX VHH ZLWK WKH IROORZL Q§aRQ4CS §HWil-\g W B B mWIHYNWU IR GLIIHU

HQWEORFNV DV DUJXPHQW

|

, 8t“@PR°tA < €
“§aRi-0 & YV °"eBY &

oreR
°8§#tA&4-0 & YAETAARY &

<<< VioTeRY

1RZ\RXVKRXOGNQRZWKDWWRH[HFXWH D ECRFINVMRR UKRWOBG WWIEWKH |

[eé- O f& atAi-
<<<

%ORFNFDQFRQWDLQDQ\H[SUHVVLRQV 7KHH[HFXWLRQRIWKHIROORZ

[& 1})E ta "<8TE"O V-286UORRU-1RDUDR " RA+'BE§°A-aRU-1RDUUE" Y

taAPRU- PUE,Er° E™P0 & GtAie

/HW XV FRPHEDFNWR WKHFDVHRIFRQGLWLR2BDQBIHNQBSDOWLFXODU WR
%DVHG RQWKHUHFHLYHU ZH VKRXOG HIHFXWHEaWk & BERUAEAHVSRQGLQJ EC
PHWKRG :KHQ WKH, HifSépRYVAL RO WKH H[DPSOHDERYH LVWUXHZH VKR
FXWHRMKRHD®UIXPHQW ZKHQ LWLV IDOVH ZH NicBRX D)GPH[GIWXWH WKH

~PSOHPHQWDWLRQ

7KHLPSOHPHQWDWLRQV LV WKHQR1LPSDW\D @G ED B WD\QR/H[E FKKWHH WK H F
VSRQGLQJEORFN W Kt R QDI BIDX\PVHHGAMDIYY VKRZQ LQ )LIXUH
aRis << °8aRi+O &Ris Aé+REté°us AD“; °8§#1A&-O0 §tAds Aé+REté°Gs AD“¢

k éRie Aé+RBETé°ts AD“y GTAT.
6LPLODUQYAEFWRNY ZH ZDQW WR H[HFXWH WKH FRUUHVSRQGLQJEORFN
#1Aa-OUIXPHQW

#1AGe << °8aBRi+O &R+ AG+REt&°Us AD"¢ °§#1A&+O §tA&s AG-REt&°U+ AD"¢
k §tAds Aé+BREté°as AD“¢ GtAi-

2SWLPLVDWLRQ

:KDW ZH VKRZDERYH ZRUNV %XW LI\RXPRGLI\LW WKHPRGLILFDWLRQ :
7KLV LV EHFD X V8H LiQO3 EDHARMOXVHG VR RIWHQ DQG LWV VHPDQWLFV VKR X
WKDW WKH FRPSLOHU LQ IDFW GRHV QRW VHQG D PHVVDJH EXW FRQYHUV
PDFKLQH 1RZ\RXFDQLQYHQW \RXU RZQFALGLIMURQDO @ AN YBUNLRQ
IRUH[DPSOHDQG\RX ZLOO VHH WKDW WKLV LPSOHPHQWDWLRQ ZRUNYV



6HQGLQJD PHVVDJHLV PDNLQJD FKRLFH

JLIXUH , . &MQGLWLRQDO LPSOHPHQWDWLRQ DJDLQ WZR PHWKRGV DQG QR H[SOLFLW

“KDW LV WKHSRLQW"

6RPHUHDGHUV PD\EHLQWULIJXHGDQG WKLQN WKDW WKLV LV VSXULRXYV
UHLPSOHPHQW %RROHDQVLQ WKHLUOLIH 7KLVLVWUXHHYHQLIWKHUFE
VXFKDVWKHWHUQDU\ORJLFWKDWFRQWDLQV DOVR XQNQRZQ YDOXH

‘HSLFNHG WKH %RROHDQ H[DPSOHV WR LOOXVWUDWHDQLPSRUWDQW S
FKRLFH 7KHUXQWLPHV\VWHP ZLOO G\QDPLFDOO\VHOHFW WKHPHWKR(
ZKDWLV FDOOHG ODWHELQGLQJRU G\QDPLF GLVSDWFK 2QO\DW H[HFX
1RZWKH %RROHDQ H[DPSOHLVWKHVLPSOHVWRQH,FRXOGILQG WR LOC
EUHDNLQJLQ WKHVHQVH WKDW LW WRXFKHV VRPHWKLQJDVIXQGDPHQYV

1RZWKHFKRLFHVFDQEHPDGHRYHUVHYHUDO GRJHQV RIFODVVHV )RU
SURFHVVLQJV\WVWHP LQ ZKLFKWKLV ERRNLY ZULWWHQ WKHUHDUHDUR.
GLITHUHQW SDUWV RIDGRFXPHQW VHFWLRQ WLWOH EROG SDUDJUDS
WKHUH 7KH V\VWHP VHOHFWV WKHFRUUHFWPHWKRGVY WRUHQGHU WHJ!
VDPH SULQFLSOH

1RZPRVWRIWKHWLPH\RXFDQH[SUHVV WKHVDPHXVLQJFRQGLWLRQV
DOQG WKLV LVZK\,DVNHG\RXWRLPSOHPHQW %RROHDQ ORJLFVLQFH\RX
WREHEDVHGRQFRQGLWLRQ EHFDXVH WKLV LV LQHIILFLHQW DVIROOR
sE°é)aA;0 d&R.TE
43.A§ 88 Tw;°aeé

°gaRi«O & UUU &

a+Ag§8 88 TWTTRT RtU-

°gaRi«O & UUU &

uuu

7KH SUREOHPV ZLWK VXFKH[SOLFLWFRQGLWLRQVLVWKHIROORZLQJ

f)Luvw WKH\DUHFXPEHUVRPHWR ZULWH (YHQ XVLQJFDVHVWDWHP
ORIJLFFDQEHFRPHFRPSOH[ ,PDJLQHIRU FDVHV RI3LOODU +HUH/I
PHQW KLHUDUFK\
[ TWH %6 @IYYURDURE°+EY V]
TW D“iE<Eé&,8+E BIYY“DIE&«RYY]
TW D“IE*E&$RDIU BiYY“-CA™MBEYY]
TW D“iE<Eé @ii
TW)st™eB GiIYYAeUsAYYi
TW;°aé @ii
TWHR™eRe™ 58 Fif
TWFEDR™eRe™:°58 Fij
TWTTRT RTU- @ii
TWWe§eReE“e BiIYYRe§eReE“eYY YYUTRTE«ERAYVYi
TW#° iBe Bii
TW[A° ™« FiYYE°@AYY YYAT «AVYYi
TWaes & GiYYé&e 8YYIiY

t6HFRQG VXFKGHILQLWLRQVDUHQRWPRGXODU ,WPHDQV WKDWDG
WKHPHWKRGDQG UHFRPSLOHLW :KLOHZLWKWKHG\QDPLF GLVSDW

[}
n n %0



,... = KDWLVWKHSRLQW"

JLIXUH ,.2@H VLQJOH FODVV YV D QLFH KLHUDUFK\

JLIXUH ,.2QH VLQJOH FODVV YV DQLFHKLHUDUFK\

DVVKRZQLQ)LJXUH JXUWKHUPRUH WKLY FODVV FDQ MXVW WDNH
DQGH[WHQG LW DVZHZLOOH[SODLQHGLQ &KDSWHU

<RXFRXOGWKLQN WKDW WKLVLVDQRWDSUREOHP EXWLPDJLQH WKDW
GLIITHUHQW SURGXFWV RUVROXWLRQV WR\RXUFOLHQWY :LWK G\QDPLF
DOWHUQDWHFRGHLQ VHSDUDWH SDFNDJHVDQG ORDGWKHPLQGHSHQG

&ODVVHV UHSUHVHQW FKRLFHYV

6HQGLQJD PHVVDJHLV PDNLQJD FKRLFH 1RZWKHIROORZLQJTXHVWLR
FKRLFHVY %HFDXVH\RXFDQKDYHWKHSRVVLELOLW\WRFKRVHVRPHWKI|
\RXZLOO QRW IR WKDWIDUDQG WDNHDGYDQWDJHRIWKHSRZHU RI ODW

,QIDFWFODVVHV UHSUHVHQW FKRLFHV ,Q WKH %RROHDQFDVH\RX KDY
IRUIDOVH 7KHUHLVDUHDOO\GLIITIHUHQFHIRUH[DPSOHEHWZHHQ WKH ]
DQG WKHPRGXODUGHVLIQ ULJKWLQ)LIXUH EHFDXVHZHVHHDOO V
UXQWLPHLQ WKHODWWHU FDVH

"KHQ, GRFRGHUHYLHZ ,ORRNHGDWKRZGRPDLQ YDULDWLRQV DUH UHS
FODVVHV KDWLVLPSRUWDQWWRUHDOLVHLVY WKDW FODVVHV DUH FKH
WKDQ D KXJHRQH 6RPH HYHQ VPDUW SHRSOHJHWFRQIXVHG E\ PHDV X!
LQJQXPEHURIFODVVHY +DYLQJPDQ\FODVVHVUHSUHVHQWLQJJRRGD
ELOLWANLVPXFKEHWWHU WKDQ KDYLQJD VLQJOHFODVV H[KLELWLQJ PX!

Lﬁ(



6HQGLQJD PHVVDJHLV PDNLQJD FKRLFH

%®RQFOXVLRQ

6HQGLQJD PHVVDJHLVUHDOO\SRZHUIXO VLQFHLW VHOHFWYVY WKHDGHT
UHFHLYHU 1RZWKLVLVHYHQPRUHSRZHUIXO WKDQ WKDW 5HPHPEHU W
RQHNH\LQIRUPDWLRQ ZHKDYHDW KDQG LV WKDW WKHUHFHLYHULVDQ
LWVVXEFODVVHYVDVZHZLOO VHH ODWHU DQGZHFDQ WDNHDGYDQWDJ
,QGHHG DQ REMHFWH[HFXWHV D PHWKRG WKDWKDYHEHHQ GHVLIJQHG W
WHVW PRUH

1RZ\RXVKRXOG VWDUW WR XQGHUVWDQG ZK\LQ 3KDUR ZHDUH SLFEN\DE
LQIJDPHVVDIHDQG QRWFDOOLQJD PHWKRGDVLQRWKHUODQJXDJH %l
PXFKEHWWHU WKHLGHD WKDW WKHFRUUHFWPHWKRGZLOO EHVHOHFW
ZKLFKRQHZLOO EHH[HFXWHG

,QIXWXUH FKDSWHUV ZHZLOO VKRZWKDW VHQGLQJD PHVVDJH LV FUHD)\
PHWKRGV FDQ EHH[HFXWHGLQ SODFH



3bUWwW -9

/IRRNLQJDW LQKHULWDOQFH
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~QKHULWDQFH —-QFUHPHQWDO
EHKDYLRU UHX\

,Q&KDSWHU ZHSUHVHQWHG REMHFWV DQGFODVVHY 2EMHFWYV DUH H(
E\VHQGLQJDQG UHFHLYLQJPHVVDJHYVY 2EMHFWV DUHGHVFULEHG E\FO
&ODVVHV GHILQHEHKDYLRUDQG VWUXFWXUHRIDOO WKHLULQVWDQFH'
VDPHEHKDYLRUEXWKDYHWKHLURZQ SULYDWHVWDWH

, QWKLY FKDSWHU ZH SUHVHQW WIKMKIKQBWP WM DR ER Q FEDPDW R WR UH XV
HIWHQG WKHEHKDYLRURIDQRWKHU FODVV 7KHLGHD LV WKDW DV D SUF
IURP VFUDWFKDIXQFWLRQDOLW\A\LIDQRWKHU FODVVDOUHDG\RIIHUV L\
PHQWHG EHKDYLRULQWR WKHQHZEHKDYLRUKHZDQWYV ,QKHULWDQFH
FLDOLVDWLRQ 8VLQIJLQKHULWDQFHZHFUHDWHWUHHV RIFRQFHSWYV Z
DEVWUDFWDQGJHQHULF RQHV

, QKHULWDQFH LV EDVHG RQ G\QDPLF PHWKRG ORRNXS DPHWKRGLV ORI
LQKHULWDQFH WUHH VWDUWLQJIURP WKHFODVV RIWKHUHFHLYHU 2QF
SRVVLEOHWR JHWFRGHRIDVXEFODVVLQYRNHGLQ SODFHRIWKHRQHF

7TRLOOXVWUDWHWKHLPSRUWDQW SRLQWV RILQKHULWDQFH ZHUHYLV

~QKHULWDQFH

2EMHFW RULHQWHG SURJUD P RQFUHGEH MELBDLVRHE R @ WKHEBDHEWLRQV 7
PHQ@BIRQLWLRQ PHFKDQLVP LV FHQWUDO WR VXSSRUW UHXVHDQG H[W
LQKHULMDBIQRBHD LV WKDW \RX FDQ GHILQH D QHZ DEVWUDFWLRQ D FODV
LWV VXSHUFODVV :HVDLG WKDWDVXEFODVVLQKHULWY IURP DVXSHU
WKHVXSHUFODVV LQVWHDG RIUHZULWLQJHYHU\WKLQJIURP VFUDWFK

&ODVVLQKHULWDQFH FUHDWHYV WUHH VIRIGHOWDD/ANHR S IR IRO\DWH/HWD UH E |
PRUHJHQHULF WKDQ LWV VXEFODVVHYV $FODVVLQVXFKWUHHY FDQ KD
WKHEHKDYLRUGHILQHGLQ WKHLUFODVVDQGVXSHUFODVVHV 7KLV LV
XSWKHPHWKRG FRUUHVSRQGLQJWRDPHVVDIJHVHQW WRDQLQVWDQFF

, QKHULWDQFH VXSSRUWV FRGH UHXVHEHFDXVHLQVWDQFH YDULDEOHTE
FODVV DUHDSSOLFDEOHWR LWV UHILQHPHQWY VXEFODVVHYV

'HZLOO XVHDQGH[WHQG WKHVLPSOHDQG QDLYHH[DPSOHRIILOHV DQC
LOOXVWUDWHWKHNH\DVSHFWV RILQKHULWDQFH :KLOHVLPSOH LWL\
LOQOKHULWDQFH WKDW ZH ZDQW WR LOOXVWUDWH



-QKHULWDQFH -QFUHPHQWDO GH4QLWLRQ DQG EHK

JLIXUH ,f77ZR FODVVHVY XQGHUVWDQGLQJVLPLODU VHWV RIPHVVDJHV DQG VWUXFW X
VLPLODU zZD\

FLQFUHPHQWDDVHIEQDWYLRQYGHILQHG E\H[SUHVVLQJWKHGLIIHUHQF
VXEFODVV VSHFLDOLVHV LWV VXSHUFODVV EHKDYLRU

FVWDWHLQHWXWMHQFHYV RID VXEFODVV KDYHDW OHDVW WKHVWDWH VWU

FEHKDYLRXNIRIXFNHVVDIJH UHFHSWLRQLQVWDQFHY ZKHQ WKH FODVV I
GHILQHD PHWKRG PHWKRGVRIWKHVXSHUFODVVHV DUHH[HFXWHG

$tEHKDYLRUUHGHILQRWXRRORVMPDLEKQ®JH ORFDOO\D PHWKRG GHIL
IURP LWV VXSHUFODVYV

FEHKDYLRU HWXERAOARWYY RIWHQ HIWHQGY WKHEHKDYLRURIRQHRILW
QHZPHWKRGV DQG VWDWH

IVXEFODVVEHKDYLRUFDQ EHLQYRNHIBKDQWVRRHIDEHRIL @ K SH.\QFD DX B FOHD
PD\EHH[HFXWHGLQ SODFHRIWKHRQHRIDVXSHUFODVV ,WPHDQV'
VXEFODVV EHKDYLRUFDQEHLQYRNHGLQ SODFHRIVXSHUFODVYV EHI
IHDWXUH RILQKHULWDQFH

.~—PSURYLQJ 40HV GLUHFWRULHYVY HI[DPSOH GHVLJQ

/HW XVIJREDFNWR WKHH[DPSOHRIILOHVDQG GLUHFWRULHV LQWURGXI|
ORRNDWWKHVLWXDWLRQ GHSLFWHG E\)LJIJXUH ZHVHH WKDWDILOH
WKRXJK WKH\VKDUH VRPHFRPPRQ VWDWH ERWKKDYHDOQDPHDQGD SD
VWDQG VRPHFRPPRQ PHVVD JRI'VA XK dDQES E-OSHPHPEHE WKDW

DQGtR*-ZHUH QRW LPSOHPHQWHG WKH VDPH ZD\ EXW WKH PHVVDJHV KD

IRDGWKHFRGHVRWKDW\RXFDQJHWWKHWHVWYVY WKDW ZHDVNHG\RX W
$D8§+R E-Q

AEtAAetTA,-i’faRO Y[eé«U-tE- i“taa-Y URDPY%+"80 V;DDUYP

G+RA°DEO YA #[,p[é-U-TE- i“t&a&a.U,Yb

Aptm™

9HULI\WKDW WKHWHVWV DUHDOO SDVVLQJ JUHHQ

2EMHFWLYHYV

, QWKHIROORZLQJVHFWLRQVZHZLOO WDNHDGYDQWDJHRIGHILQLQJD
GHILQLWLRQDVVKRZQLQ)LJXUH ,WPHDQV VKDULQJWKHPD[LPXPV
WKHWZRFODVVHY :HZLOO SURFHHG VWHS E\VWHS VR WKDW\RXFDQ VI
WKLV LV ZRUNLQJ



., t+ 7TUDQVIRUPDWLRQ VWUDWHILHYV

JLIXUH ,tf7ZR FODVV WDNLQJDGYDQWDJHV RILQKHULWLQJIURP D FRPPRQ VXSHUFOD

»,T T7TUDQVIRUPDWLRQ VWUDWHJILHV

/HW XV GHILQH D QHhZ AOEDK4 FDOOHG
H've"& &ai'*At840 BA# A-E-Eé
CE&ETE"+qfRB°t'AsBtE-a0 VY
“AtdaqtR°t’A-BtE.a0 YY
Ut ¢t O YA #[,Y

$VA\RXPD\QRWLFHG LW WKLVLVFODVVLVHPSW\ 1RZZHKDYHWZR SRV'

FHLWKHU ZAwPDAR R °R+“ePLQKHULMIAVRPEREQG VWHS E\VWHS ZH PL
JUDWH WKHFRPPRQVWDWHDQG EHKDYLRUWRWKHVXSHUFODVYV

FRUZHGHILQH QHZ VWDWH BEHEQG ZWUIRHAPIRYH LW IURP WKHWZR FOD
DQG ZKHQUHDG\ZH PDNH WK HAPEL.@KHULW IURP

7TKHVHFRQGDSSURDFKPD\ZRUNEXWLWLVWRRULVN\ JQGHHG ZLWK Wk
QLQJV\VWHPDIWHUDQ\VWHS ZH SHUIRUP ZK\" %HFDXVH ZHILUVW LQKH
HOHPHQWIURP WKHVXEFODVVHV WR WKHFODVVHVDQG GRLQJVR ZHDX
KDYLRUDQG VWDWH VR RXU SURJUDP HIWHUQDOO\ IRUH[DPSOHIURP W
'LWKVXFKDQDSSURDFKZHFDQUXQRXUWHVWYDIWHUDQ\FKDQJHDQG

,QDGGLWLRQ VRPHRIWKHRSHUDWLRQV VXFKDVPRYLQJDQLQVWDQFF
FODVV DUHWHGLRXV WR SHUIRUP +HUH ZH ZLOO SHUIRUP RQH RSHUDWI
FKDQJHV ZHUHCOF YARHHLRBWRULQJV DUH SURJUDP WUDQVIRUPDWLRQV W
RIWKH SURJUDP WKH VDPH

/HW XV JHW VWDUWHG

,T ¥)DFWRULQJRXW VWDWH

7TKHILUVW VWHSSH£A\ABRVQRP DN e D/ XEFO DN HMEREVY IROORZV

[ A# AsE<Eé &i""At3a0 DA## A
°"E4étE“«qtR°t’A*BtE«a0 YUtR<E& EtEe« “DE&<EEAayY
“AtaaqtR°t’A+BtE-a0 YY
Ut“et7+O YA #[,Y

[ A# AeE<Eé ai’"Ataald GA# °R“6DR
CEZGTE“sqTR°T' ABtE-a30 YUTR-Eé EtEes §°AeaY
“AtaaqtB°t A-BTE«a0 YV

Ut ¢t +O0 YA #[,Y




-QKHULWDQFH -QFUHPHQWDO GH4QLWLRQ DQG EHK

JLIXUH ,fORYLQJ WKH LQVWDQFH YDULDEOH QDPH WR WKH VXSHUFODVYV

1RZ\RXFDQ H[HFXWH WKHWHVWV DQG WKH\ZLOODOO SDVV 1RZZH JHW
DEOHVWR WKHVXSHUFODVYV

ORYLQJLQVWDQFH YDULDEOH QDPH WR VXSHUFODVYV

6LQFH ERWK epDQG##° AGHILQH WKDW WKHLU LQVWDQFHV VKRXOG KDYH D
PRYHWKH LQVW BOQFH RB WIHEROBIQG XQLTXHO\GHILQH LW LQ WKH VXSHUF
VLWXDWLRQ GHSLFWHG LQ )LJXUH /JHW XV GR WK BDA¥ BB QRGOORZV :H U
A# °R+*eDEFEODVVHV

[ A# A-E<Eé ai’"Ataald GA##°A.

’aé’rE eqtR°t'AeBtE«a0 YUtR<E& “DE&-EE&AY
AtaaqtR°t’A-BtE-a0 YY

U‘r“u‘"-o YA #[,Y

A# A'E-Eé 4i'"At3a0 QA# °R-“éDR
°EééTE“-q‘r °t'A+BtE.a0 YUTR+E& §°A«aV
“Ataaqtpret’ A-BTE a0 YV
Ut“ct7+O YA #[,Y

[H'vie"e ai""A1580 TA# AsE-Eé
56

CEdetE“eqtR°t AeBTE-A0 YETE.Y
“Ata&qtR°t'A-BtE-a0 YV
Ut“et O YA #[,Y

SD\DWWHQWLRQ WKDW\RXVKRXOGEHFDUHIXODQG GRLWLQ WKLV RUG
ZKHUH QDPH ZLOO EHGHILQHG LQWKHVXSHUFODVVDQGLQRQHRIWKH"
DOORZWKLVDQG ZLOOIRUELG\RXUDFWLRQ

$IDLQUXQ WKHWHVWVY WKH\VKRXOG SDVV DJDLQ

:KDW WKHWHVWY HIHFXWLRQ SURYHV LV WKDW ZH GLGA@RW-FKDQJH WKH
DQAx °RB«“ebBR, QGHHG WKH VWUXFWXUHRIDQLQVWDQFHLV FRPSXWHG IUF
GHILQHG LQ WKHLU FODVVDQGDOO WKHVXSHUFODVVHV RIWKDW FODV\

ORYLQJ SDUHQW WR WKH VXSHUFODVYV

6LQFH SDUHQW LVGHILQHG LQ ERWKVXEFODVVHV ZHFDQ GR WKH VDPH
REWDLQ WKHVLWXDWLRQVKRZQLQ)LJXUH <RXFDQGRLWPDQXDOC
DEOHEXWI\RX FDWHHBDABBRHUDBWRULQJV DUH SRZHUIXO SURJUDP WUDQ VI



., )DFWRULQJVLPLODUPHWKRGV

JLIXUH ,1$$SO\LQJ WKH 3X0O08S -QVWDQFH YDULDEOH UHIDFWRULQJ

JLIXUH ,t6 WDWH IDFWRUHG EHWZHHQ WKHWZR FODVVHVY DQG WKHLU VXSHUFODVYV

WKH V\VWHP EURZVHU E UL Q JAWK AWHIHFRWOQUWHKBIFROPWLNVQJI DQG VHOHFW W
YDULDEOHFDWHJRU\DQGILQDOO\SXOO XSDVVKRZQLQ )LJIJXUH

7KHVA\WWHP ZLOO DVN\RX ZKLFK YDULD B® & ER WZD QW WIRRZX\RE WX H HOH
FKDQJHV WKDW LW LVDERXWWRSHUIRUP UHPRYLQJWKHLQVWDQFH YD
RQHWR WKHVXSHUFODVY 3URFHHGDQG WKHFKDQJHV ZLOO EHH[HFXW
VLWXDWLRQ GHSLFWHG LQ )LJXUH 5XQWKHWHVWVDQG WKH\VKRXO

:KDWLVLPSRUWDQW WR VHH LV WKD W4 AZg+ E4V K Bl W @ \DWIHZ PHRE R IODARKR |
FODVV ZLOO D XWRE D QGHRPEBV\LIHWVDQFH YDULDEOHY 7KLV LVRQHRI W
RILQKHULWDQFH \RXFDQGHILQHD QHZDEVWUDFWLRQ VWUXFWXUH E\

1RZZHFDQ GRWKHVDPHIRUWKHEHKDYLRU ZHZLOO PRYHVLPLODU PH!
PRYHWKHPIURP WKHLUUHVSHFWLYHFODVVHYV

J)DFWRULQJVLPLODU PHWKRGYV

7KH PHWXKR &0t R-EB QIGFtE-O UH WKH VDPHDQG GHILQ A&# APWIKH WZR FODYV
A# °R+*éPR:HZLOO PRYHWKHP WRMWAH-VMROHIRZOADPVID VLPLODU SURFHVYV

F)LUVW ZH ZLO O UHP EYH QUKRHP PHRHK\WR R F OGP QEBH W - e DD Q G
DGG RQH YHUVLRAHWREVWEKHRKTGDWVGR WKLY PDQXDOO\



-QKHULWDQFH -QFUHPHQWDO GH4QLWLRQ DQG EHK

JLIXUH ,t6%W DWHDQG OHWKRGV IDFWRUHG RXWLQ WKHVXSHUFODVV

JLIXUH , 1K SHQ DQ REMHFW UHFHLYHV D PHVVDJH WKHFRUUHVSRQGLQJPHWKRGLV O
LIQHFHVVDU\ LWV VXSHUFODVVHYV 6WHS ,DQG ... 7KHQ WKHPHWKRGLV H[HFXWHG |
t

f6HFRQG IRU WHHRPEEVMKNRGVKH PHWKR G %W KBRWRAKRRIGY DYDLODEOH
IURPWKHPHWKRG OLVW <RXFDQ UHSEWRRNKLY IRUWKHPHWKRG

<RXVKRXOGREWDLQ WKH V\VWHP GHVFULEHG LQ )LJXUH

$IDLQUXQ WKHWHVWVDQG WKH\VKRXOGDOO SDVV :K\"/HW XV VHH ZKI
PHVVDJH

»T %6HQGLQJD PHVVDIJHDQG PHWKRG ORRNXS

1RZLWLVWLPHWRH[SODLQ ZKDW LV KDSSHQLQJZKHQDQREMHFW UHFF
DOO\VLPSOHEXWH[WUHPHO\SRZHUIXO :KHQDPHVVDJHLV VHQW WR D!
PHWKRGLVORRNHGXSDQG RQFHWKHPHWKRGLVIRXQG LWLV H[HFXWE
FHLYHG WKHPHVVDJH

fOHWKRG /RRNK@DQ REMHFW WKHPHVVDIJHUHFHLYHU UHFHLYHV DP
ZLWKWKHVDPHVHOHFWRUWKDQ WKHPHV¥DRVUWDBDRRWHG BBNWDU

... 0



.t § %DVLFPHWKRGRYHUULGHYV

VWHS LQ)LJIJXUH KHQ WKHUHLV QR PHWKRG ZLWK WKH VDPH VH
XHVLQWKHVXSHUFODVV RIWKHFXUUHQW FODVYVY 6HHVWHS LQ)LJ.

fFOHWKRG HIHFKWQRPHWKRG ZLWK WKH VDPH VHOHFWRU LVIRXQGLQ
DQGH[HFXWHGRQ WKHUHFHLYHURIWKHPHVVDJH 6HH VWHS LQ)L.

/HW XV ORRNDW RXUH[DPSOH

$:KHQ ZH VHQG W Kt éRipVeV D < E6 O DA ™YOK M ® HW K RIG ©Q B &N G
ORRNHG XS LQ WKH FODVN#R t WKKLY HFFO-DLWVHE H.I HQHYV VXFK D PHWKR G
UHWXUQHG DQG H[HRXaMB®RQ WKH ILOH

F7KHWHVWY SDVV EHFDXVH ZKHQrZEHMR@BW QMW B QB WKH FODVYV
#°As WKH FRUUHVSRQGLQJPHWKRGAEY ARBRIAB WEHQ WIKHFRPMWKRG
UtR-E&lOQ WK HAR@®TAWKH ORRNXS FRQWLQXHVLQ WKHVXSHUFODVV DQ
A# A-E-HBV VKRZQLQ )LIJXUH

- QKHULWDQFH SURSHUWLHYV
:KLOHUDWKHU VLPSOH WKH SUHYLRXV H[DPSOH VKRZV VRPHNH\SURSH

, QKHULWDQFHLVDPHFKDQLVP WRGHILQHDEVWUDFWLRQLQFUHPHQWOEL
LQIWKHGLIITHUHQFHWR LWV VXSHUFODVV $VXEFODVV UHILQHV D JHQH
7KH FOB¥ B/QAG °R-éPMD GG H[WUD EHKDYLRUDQG VWDWHWR WKHRQH G
FODVV $VVXFKWKH\UHXVHWKHVWDWHDQG EHKDYLRURIWKHLU VXSH

$16WDWHLUHWBIQFHV RI DVXEFODVYV KDYH DW OHD VEWBKMG/ WUXFW XU F
UtR<EGORFDO VWDWH FDQ E Me¥EG EHEBBAEGGLWLRQ

F%HKDY LRUKHHXVHVWDQFHV RID VXEFODVV UHFHLYHD PHVVDJH PHW
PD\EHH[HFXWHG UKHEPKHYWKREBQEGEDUH GHILL@HGELEXW DUH
HIHFXWHG RQLQVWDQFHV RIWKHVXEFODVVHV

, QKHULWDQFH FUHDWHV WUHHV RIUHILQHG FRQFHSWV $VXSHUFODVYV |
DQG LWV VXEFODVVHV PDNHLWPRUHDQG PRUHVSHFLILFEVUHILQLQJ W
LWE\DGGLQJQHZEHKDYLRU

,T SWDVLF PHWKRG RYHUULGHV

6LOQFHWKHPHWKRG ORRNXS VWDUWV [ URP WKHFODVV RIWKHUHFHLYHL
WDNHV SUHFHGHQFH RYHU WKHPHWKRG GHILQHG LQ WKH VXSHUFODVVFE

I/ ZHGHILQHD PHWKRG ZLWK WKH VDPHQDPH WKDWRQHRILWYV VXSHUFC
FXWHGLQVWHDG RIWKHRQH LQ W KPHHWXTFHIURDHEIMVILVG KV DVOFO R EH® BEO H
WRUHGHILQH ORFDOO\D EHKDYLRU WDNLQJDGYDQWDJHRIWKHVSHFLI
LIZHDGG D QHZ PHWHREQDWHK BAR®TAYWKLY PHWKRG ZLOO EH H[HFXWHG Z
WKHPHOYWYDEHON VHQW WRDQ LQVWBQFH RIWKHFODVYV

‘HZLOO VHH ODWHU WKDW ZH FDQ DOVRLQYRNH WKHPHWKRG RI WKH VX!
ULGHV LWLV XVHIXOHZ WHB@ GHOARD)MHXWRV I XOO\FKDQJH WKH VXSHUFODV\

%XWEHIRUH H[SODLQLQJWKLY PHWKRG ORRNXSDQG H[HFXWLRQDUH YV
VHHLQ WKHIROORZLQJVHFWLRQV WKDWLWLVHYHQPRUHSRZHUIXO Wk
»T ¢<VHOI VHQG PHVVDJHV DQG ORRNXS FUHDWH KRRNV

6RIDUZHH[SODLQHG KRZD PHVVDJHLV UHVROYHG ILUVW WKHFRUUHV:
WKHFODVVRIWKHUHFHLYHUDQG JRHV XSWKHLQKHULWDQFHWUHH 6F

.(/J(



-QKHULWDQFH -QFUHPHQWDO GH4QLWLRQ DQG EHK

RQWKHPHVVDJHUHFHLYHU ,WPHDQVWKDWLQUHVSRQVHWRDPHVVD.
FXWHG RQLWV VXEFODVV LQVWDQFHV 7&IA% WKW KH FBEPHHBR B P\ K M BPHV\
VDJH ZHLQYRNH WKH PHW®PRCEORRANYRBBODVV LQVWDQFHYV

7KHUHLVDQLPSRUWDQW LPSOLFDWLR Qa-AKHQIZMHHVDKRI® BHMWIPIHHW H Q \
VDJH PD\OHDG WR WKH H[HFXWLRQRIDPHWKRG GHILQHG LQ VXEFODVV}
VXFKPHWKRG 7KLV LV ZK\VHOKRROMB\KBGN D:BI\ZR 6 DHPSGDLQ FDUHIXOC
SRLQW

([DPSOH

7TRH[SODLQ SUHFLVHO\ WKLV LPSRUWDQW SRLQW OHW XV GHILQHD QHZ
LOWHUIDFHIRUHQG XVHUV ZH D'G & & WHKDRPHYVBYVHGWOQKYERUH KXPDQ |
ZD\WKHUHFHLYHU RIWKHPHVVDJH +HUHLVDVPDOOH[DPSOH

[A U «Ae <A, A

U 08 A# °Re“éDR E+0 EtEO Y“DE°“aYU

*Ae 08 A##°Ae E«ll ETE«O Y'1'tRYP “PE&<E&E0 YV 1'tR «& <A.aé-.yYU

U t™mm™ AegeEEO <A.U

A, O8 A##°Ae E«( ETE.O Y18éRD'D YP “DEé<E&a0 YaiU+R “DDA RD’'PEeYU
U t™mm™ AegeEeO <A, U

U ™Meg“Re’e

<<< Y, Et ™M°RBe“éPR ETEe™ “DE°“4Y

eAe ™eF“R°’e

<<< Y, E T §°Ae EtEe™ "1'{RY

'"HVFULEH LPSOHPHQWDWLRQ

"HLPSOHPHQW QRZWKH VLWXDWLRQ GHVFULEHG E\)LJXUH 7TRLPSOI
WKH IROORZL®-J PrH W ® RVEK HARQAD K/-\E &

A# A<E-E& << ™.F“R°’e
k Y, Et YO &+Ag8 ¢°E™O YEtE«™ YO EtE-

‘HGHILQH WKEHEMRKRONXUQ D GHIDXOW VWULQJ HYHQ WKRXJK ZH GR Ql
VWDQFHV RIWKLVFODVVDQG VXEFODVVHV VKRXOG GHILQH WKHLU RZQ !

[ A# ACE<Eé& << ¢°E™
k YeAeE<ERGY

,QOHDFKRIWKHVXEFODVVHV ZHGHILGEH'DVFROHR/SRQGLQIJPHWKRG
[ A# °R+“6DR << ¢°E™
| k Y™°Re“&DR VY
[ A##°As << G°E™
k Y§°AeY

»,T E&RRN 7HPSODWHH[SODQDWLRQV

1RZZHDUHUHDG\WRH[SODLQ ZKDW LV KDSSHQLQJAMAYWAXEZIWMOOXVWUDW
ETE«O YtaeRD'D Yi ™Med“Ro’e

A .A. A

«Ae 08 IA##°A+ E«00 ETE-O Yt4&RD'D YiU

eAe ™ezURO

<<< Y, E t §°A« EtE+™ t3éRD'D Y

7TKHIROORZLQJVWHSV DUHH[HFXWHG

F7KHPHVVYEIRC 'LV VHQAWDMOR. QVWD QFHARKWKH FODVYV



,f € +RRN 7THPSODWH H[SODQDWLRQV

YJLIXUH ,1$&VHOI VHQG FUHDNHEWMDKIRRNXEFODVVHV RYHUULGHR 7KW PHWKRG
FDOOHG DWHPSODWHEHFDXVH LW FUHDWHV D FRQWHI[W

F7KHPHWKRG 'LV ORRNHG XS A®#MNMKHAWFFDD VIVQ )LIXUH WLV QRWIR
WKHUHIRUH WKHORRNXS FRQWLQXHV WR WKHVXSHUFODVYV
F7KHORRNXS ORRNYV ™M &R Ket) PAHRVHKFRBD &/ & WHS LQ )LIXUH . W

LVIRXQGDQG H[HFXWH&ARQ WKHUHFHLYHU

F'XULQIJWKHH[HFXWLR®Q R RWOHMHLWHIR/GEDIM. QJ WKH H[SUHVVLRQ
d+A8 ¢°H™ VHQW VWHS LQ)LJIJXUH

F7KHPHVYyEBEMY ORRNHG XS VWDUWLQJ IURPA¥KHANOMHS ROWKH UHFHLY
XUH 7TKH RHAWK/RB X Q G A@# OIDY® H[HFXWHG

F7TKHUHVW RI WKHBHWKRGIFXWHG DQG WKHUHVXOWLQJVWULQJLV U

$ YRFDEXODU\ SR L QW aWKHVPAH/ORORHEGSEIHOMKHR G EHFDXVH LW FUHDWHYV D F1
LQ ZKLFK°WRHWKRGYV DUH H[HFXWHEMV KD PBWGDIKRRN VLQFH VXEFODV\
PHQWDWLRQPD\EHLQYRNHGLQ WKLV SODFH

7KLVH[DPSOHLOOXVWUDWHYV WKHIROORZLQJLPSRUWDQW SRLQWYV
f¥(DFKWLPHZHVHQGD PHVVDJH WKH VA\VWHP FKRRVHVY WKHFRUUHFW |

¥ (DFKWLPHZHVHQGD VHOI VHQG PHVVDJH ZHFUHDWHD SODFH ZKHU
HIHFXWHG :HFUHDWHFXVWRPLVDWLRQ SRLQWYV

f6LQFAXUHSUHVHQWY WKHUHFHLYHUDQG WKDW WKH UHFHLYHU PD\E
LVOQRWORDGHGDWWKHWLPHWKHPHWKRG ER@AWBLQDRLWKH VHOI
WUHSUHVHQWV WKHUHFHLYHURIWKHPHVVDIJHDQG WKHORRNXS I
WKHFODVV RIWKHUHFHLYHU

-PSRUWDQMWVVDJIHV VHQW W&R ASKHQEHFHIHIHQH FXVWRPL]DWLRQ SRLQW'

FODVVHV FDQ WDNHDGYDQWDJHRIWR SRWHQWLDOO\VHH WKHLU FRG
FODVV:-RQH



-QKHULWDQFH -QFUHPHQWDO GH4QLWLRQ DQG EHK

JLIXUH ,16 Ol VHPDQWLFV DEVWUDFWO\H[SODLQHG

»T wf(VVHQFHRIVHOIDQG GLVSDWFK

1RZZHWDNH VRPHWLPHWRORRNDEVWUDFWO\DW ZKDW ZH SUHVHQW H!
WUDWHG E\)LIXUH

7TKHILUVW TXHVWLRQVDUHVLPSOHDQG VKRXOGEHQRWDSUREOHPIRU
WLRQVIJXHVV ZKDWDUHWKHUHVXOWYV RIWKHIROORZLQJPHVVDJHYV
[ E.0 §DD
<<< UUU
E-0 §DD
| <<< vou
:KDWLVPRUHLQWHUHVWLQJLV WKHESURIRHVV WR JHW WKHUHVXOW RI
[ Ee0 't
<<< UUU
Eed "tR
| <<< vou

BROXWLRQV

7KHVROXWLRQVDUHWKHIROORZLQJRQHV
E-0 §DD

<<< of

E-0 §DD
<<< ..£

Ee0 "TR
<<< o€

Ee0 "1R
<<< ..€

7KHPRVW LQWHUHVYWLHQIHRW KL ORRN DW WKHH[HFXWLRQ R
t .VFODVV LV
7KHPHWKRG ORRN XS VWDUWV LQ WKH FODVYV
7KHUH LV QR1BHQ@ KRG
7KH ORRN XS FR @W IGOPXHHVRIRGI R X Q G
7KHPHWHSRG H[HFXWHG RQWKH UHFHLYHU
a-ASUHIHUV WR WKH UHFHLYHU
7KH PHVSARIWYV H @W W R

#Tf



., .. —- QVWDQFH YDULDEOHV YV PHVVDJHV

7TKHORRNXSBWDUWY L\NQROIOH V
TKHPHWBRGIRXQGLOREBGCMHYMNFXWHG RGWKHUHFHLYHU

I -PSRUWD®WES8HSUHVHQWY WKH UHFHLYHU OHVVDJHV VHQW WR LW DUH «

WKHUHFHLYHU

2T ww—QVWDQFH YDULDEOHV YV PHVVDJHV

5HDGLQIJWKHSUHYLRXV VHFWLRQ\RXVKRXOG QRZXQGHUVWDQG WKDW
DFFHVVLQJGLUHFWO\DQ L QaWiD@WHK M B Bl MDKEFOGHBAHKFRDIVQ G XVLQJI DQ DF
LOOXVWUDWHGLQWKHQH[WUHGHILQLWLRQ

TKHWZRIROORZLQJPHWKRG GHILQLWLRQVDUH GRLQJWKHVDPH EXW K
WLDO

[ A# AeE<E& << ™o Re’s

k Y, Et YO a+Ag§ ¢°E™O YEtEe™ YO EtE-

[ A# AeE<Eé << ™o Res

k Y, Et YO &a+Ag8 ¢°E™O YEtE+™ YO &<A8§ EtE-

"KHQ\RXXVHDQDFFHVVRU VXEFODVVHV PD\UHGHILQH WKHEHKDYLRU

[ A# A-E<E& << EtE-

k EtE-

7TKHUHLVQRV\VWHPDWLFUXOH WKDW VWDWHY WKDW ZH VKRXOG V\VWH
VWDQFH YDULDEOHDFFHVYV

:KDWLVLPSRUWDQW ZKHQ\RXGHFLGHWR XVHDQDFFHVVRULV WR XVH |
SDUWV XVHGLUHFWLQVWDQFH YDULDEOHDFFHVVDQG RWKHU SDUWYV X
WHQGLQJ\RXU FRGHPD\UHGHILQHWKHDFFHVVRUVLQDVXEFODVVDQG
H[DPSOHLI\RXOHIW SODFHVY ZKHUH\RX GLUHFWO\DFFHVVDQLQVWDQF

,QDGGLWLRQ ZKHQ\RX GHFLGH WR XVHLQ\RXUFODVVDQDFFHVVRULW
WKHLQVWDQFH YDULDEOHV RIWKH FODVV (OVHZHPD\ZRQGHU ZK\DQG
XQGHUVWDQGDEOH

.&RQFOXVLRQ

‘HSUHVHQWHG WKHFRQFHSWRILQKHULWDQFH DVXEFODVVLV GHILQH
UHXVHV WKHVXSHUFODVV EHKDYLRUDQG PD\H[WHQG WKH VWUXFWXUH
PHWKRG ORRNXS KDSSHQV G\QDPLFDOO\DQG ZDONV WKH LQKHULWDQFE
FODVV HVKRZWKDWVHOI VHQGVDUHFUHDWLQJKRRNVLQ WKHVHQVH
FXWHGLQ SODFHRIWKHVXSHUFODVV FRXQWHUSDUW

, QWKHIROORZLQJFKDSWHU ZH ZLOO VHH WKDW ZHFDQ UHXVHHYHQ PRL
FODVVDQG LWV VXEFODVVHYV






&+3$37(5 n

(I WHQGLQJVXSHUFODVV E

, QWKHSUHYLRXV FKDSWHU ZHVDZ WKDW LQKHULWDQFHDOORZV WKH S
VWDWHDQG EHKDYLRU $VVXFKLQKHULWDQFHVXSSRUWY WKH GHILQLYV
VSHFLDOL]H EHKDYLRURIWKHLUVXSHUFODVY :HVDZWKDW WKH PHWKI
UHFHLYHUDQG JRHV XSWKHLQKHULWDQFHFKDLQ :HH[SODLQHG WKDW
WKHQ H[HFXWHG RQWKHUHFHLYHURIWKHLQLWLDO PHVVDJH )LQDOO\
LIHDQGRYHUULGH WKHEHKDYLRURILWV VXSHUFODVV E\GHILQLQJORF
WKDQ RQHPHWKRGRILWV VXSHUFODVV

I1RZLQKHULWDQFHPHFKDQLVPLVHYHQPRUHSRZHUIXO LWKLQKHULW
EHKDYLRURIDVXSHUFODVV ZKLOH UHXVLQJLW ,WLVWKHQ SRVVLEOH
LOQYRNHWKHEHKDYLRURIWKHVXSHUFODVV IURP ZLWKLQ WKHRYHUULC

'HZLOO FRQWLQXHWR XVHDQGLPSURYH WKHH[DPSOHRIILOHDQG GLU|

JLIXUH ,fA##°APQGB# °R+"éDFRQWDLQ GXSOLFDWHEHDERILF LQ

»TT



(I WHQGLQJVXSHUFODVYV EHKDYLRU

JLIXUH ,+RSURYLQJ WKH ORJLF EXW QRW IXOO\

»F ,OHYLVLWLQJSULQW2Q

:KHQ ZH ORRN DW WKRHEIRI®OIRVKIRQEGY GHILQH Gk QRN H B QM VAV
ZHVHH WKDW WKHUHLVFRGHUHSHWLWLRQ DVVKRZQLQ)LJXUH

+HUHLVWKHUHSHDWHG FRGHVQLSSHW
[UtB-Ee °aB°A

°§#1Ad.0 & UtR+Eé URBR°EBHEO t[eR<1E &U

| t[éR+tE CC ETE-

+HUHLVWKHGHILQLWLRQLQWKHWZRFODVVHYV
[ A# °R+“6DR << UR°EBHEO f[&8R-tE

UtR+Eé °&B°A

°g#tAd+0 @ UtR+E& UR°EEHEO t[&R-TE &U

t[éR<tE CC EtE-U

t[éR«tE CC YRY

[ A##°As << UR°EEHEO t[éR-tE
UtR-Eé °aB°A
°§#tA&O & UtR+Eé UR°EEHEO f[eR-tE &U
t[éR+tE CC EtE-.

WPHDQVWKDWLIZHGHILQHD QHZVXEFODVV ZH ZLOO KDYH SUREDEON\ (

»F .~—PSURYLQJWKHVLWXDWLRQ

7TRLPSURYHWKHVLWXDWLRQ DERYH ZRKAPRXHOOS/W EH BHXNVEILWLBRQWR WK
IRN# A-E-E®OV VKRZQLQ)LJIJXUH
A# A<E+Eé << UR°EEGHEO f[éR-tE
UtR.E& °&B°A
°g#tA&+.0 & UtR+Eé UR°EEHEO t[éR-TE &U
t[éR+tE CC EtE.

»TF



2 1T ([ WHQGLQJVXSHUFODVV EHKDYLRU XVLQJVXSHU

A# °Re“éPR << UR°EEHEO t[éR-tE
UtR.E& °&B°A
°g§#tAd+0 & UtR+Eé UR°EEHEO f[éR-TE &U
t[éR+tE CC EfE-U
t[8R<TE CC YRY

WPHDQV WKDW ZKHQ ZH ZLOODGGDQHZVXEFODVV WKLV FODVV ZLOO I
WKHR° EEHEBHWKRG

I1RZWKHGXSOLFDWLRQRIORJLFLVQRWDGGUHVVHG 7KHAPPHFRGH L\
E-EDQA °R-*éPR:KDW ZH VHH LV WK DW HY®H DelHIRY R BAB VAW K&D@. V
RYHUULGLQJWKHPHWKRGRILWY VXSHUFODVY ZHZRXOG OLNHWREHD
SHUFO®DAE-FBQGC WR DGG WKREHK ¥ LRLY

K\ VHOI GRHV QRW ZRUN

7TKHIROORZLQJGHILQLWLRQ GRHVQRW ZRUN EHFDXVHLWLQWURGXFHYV
PHWKRG ORRNXS VWDUWYV LQ W KHABROHDSAYHV FMQWAVUW R H UHHFH D QIBU LW Z L C
ILQG WKHVDPHPHWKRGDQG ZLOO QRWEHDEOHWRDFFHVV WKHPHWKR

[ A# °Re"6DR << UR°EEHEO t[éR-tE
4°A8 UR°EEHEO t[éR-TEU
t[éR«tE CC YRY

/HW XV PDNHVXUHWKDW\RXDUHIXOO\ZLWK XV ,PDJLQHWKDW ZH KDYH
[A U «Ae <A, A

U 08 A# °Re“éDR E+0 EtEO Y“DPE°“aYU

eAe O8 A##°Ae Ee0 ETE+O VY'T'tRYP “DE&+EEA0 Y t'tTR «& +AcdéeYU

U t™m™ AegeEeO «A.U

A, O8 A##°Ae E«0 ETE.O Y18éRD'D Yb “DEé<Eéald YaiU.R “DDA RD'DeYU

U t™mm™ AsgEeEeO «A,LU

»[éB"E" déR-tE DEé-E6a0 604 ~ U UR°EEHEO & &

‘HJIHW WKH RHOWRV BDIHEO 3

7KHPHWRRGHEY ORRNHG XS VWDUWLIQ HE QRAKBIRFODV YV RI
7TKHPHWKRGLVIRXQGUDQG DSSOLHG RQ

7KH PHVA*BEHIR°EEHEO t[é&NeDEERXW WR EHH[HFXWHG

7KH UHF Hi X 8D IGVU H S WHVKHORHAW KR EHEO t[eRMBDRRNHG XS LQ WKH
FODVV RI WKH UWW#FHRL¥BIR L H

7KHVDPHPHWKRG LV IRAQG-LEPWRIE MEKIHVS'URFHVYV UHVWDUWY DW SR

,QVXPPDU\ ZHZRXOG OLNHWKDW ZKLOH GRLQJDQRYHUULGH WR XVHV
7KLVLVY SRVVLEOHDVZHZLOOVHHLQWKHIROORZLQJVHFWLRQ

»F T(IWHQGLQJVXSHUFODVYVY EHKDYLRU XVLQJVXSHU

/HW XV LPSOHPHQW WKH VROXWLRQILUVWDQG @GRYEF&H\RG W B IWHU :H UL
FOD¥VRePDVIROORZVDQG VKRZQLQ)LJIJXUH

A# °Re"éPR << UR°EEHEO t[éR-tE

4iU+R UR°EEHEO t[éR-tEU

t[éR<tE CC YRY

:KDW ZH VHH LV WK W WaHERHW ORG/ FRQWDLQ DQ\PRUH WKH GXSOLFDW#

ZLWK WKH PHW&KHRO WKH VXSAHUARDEEVQVWHDG E\ XVLQIJ WKH VSHFLDO YD
di0-AWKH VXSHUFODVV PHWKRG LVLQYRNHG /HW XV ORRNDWLWLQGHW



(I WHQGLQJVXSHUFODVYV EHKDYLRU

JLIXUH ,138VL@IU*AWR LQYRNH WKH RYHUURGEHLEMHWKR G

F7TKHPHWKREG“ebR << UR°ERWHUULGHV VAK AEHEMKRBHDQV WKDW
GXULQJWKHORRNXS DFWLYDWVWRHEEHE® B XVWH Y KXHRQWWRIRBVWDQFHV
A# °Re*ePRUIXWXUH VXEFODVAHME\EKKH<PHWEKEFBE@RW EH GLUHFW O\
IRXQG ,QGHHG ZKHQ D PHVVDJHLV VHQW WRDQ REMHFW WKHFRUU
FODVVRIWKHUHFHLYHU WAKAHWH DN WRXOFGHW KRG LQ

F8VLQJIJWKH VSHRBRLD-OWRHIPHEAOKR G ORRNXS LVECAIIHKHRQWKWKDQ ZLWK
HISUHWYLRQR°EEHEO t[&ftVHHQW WKH ORRNXS GRHV QRW VWDUW DQ\
FODVV RIWKH UHAHRPHUK HW XSVHURAOD VYV RI WKH ROV FRQWDLQLQJ

UR°EéHHOM# A EcEWWKHUHIRUH WKHPHWKRG RIWKHVXSHUFODVV LV IR

I)ILOQDOOMOLNAYUHSUHVHQWY WKH UHFHLYHU RIWKHPHVVDJHV IRUH
WKH D8V eéepR 7TKHUHIRUH WKH PHWKRGAN IRX®® QGWKH FODVYV
FXWHG RQWKHRULIJILQDO REMHFW WKDW ILUVW UHFHLYHG WKH PHV\

/HW XV PDNHVXUH WKDW\RXDUHIXOO\ZLWK XV <RXFDQFRPSDUH ZLWHEK
WLRQ

[A 0 «Ae <A, A

U 08 A# °Re“éDR E+0 EtE«O Y“DE°“aYU

eAe 08 A##°Ae E«ll ETE«O Y'1'tRYP “PE&<EEE0 YV 1'tR «& <A.dée.yYU

U tm™mm™ AegeEeO <A.U

A, O8 A##°Ae E«( ETE.O Y18éRD'D YPbP “DEé<Eea0 YaiU+R “PDDA RD'DEYU

U t™m™ AegeEeO «A,U

[ER°E" aéR<tE DEé+E&a0 60a ~ U UBR°EEHEO a &

‘HIHW WKH RHOWRVBIHEO &

7KH PHWRRGHEY ORRNHG XS VWDUWLIQ Wi QRAKBIRFODV YV RI
7TKHPHWKRGLVIRXQGUDQG DSSOLHG RQ

7KH PHVAIDIHUR°EEHEO t[&R-PEERXW WR EHH[HFXWHG

7KHUHFHLYHDQGE UH S WHMKHHORMHW K RSHEO t[éeRMBPRRNHG XS LQ WKH
VXSHUFODVV RIWKHFODVV FRQWDLQLQJWKHH[SUAKWWWLRQ 7KHFOD
Re*&PR LWV VXSHUFODNNEIAFWHIDRRN XS VA¥ DAJEY Fel UR P

» T %0



., ¥ $QRWKHU H[DPSOH

JLIXUH ,#8¥L@JUAVR LQYRNH WKH RYHUBEGGHQ PHWKRG

7TKHPHWKRGLVIRXQ6 AQGWEKHWFROBDFUDVYV
7KH PHVWViRIEHe *aBLX WUHDWHG RQWKH UHFHLYHU

'KDW ZH VHH LV sVK-BW KN ISQQRJUDPPHU FDQ H{WHQG WKH VXSHUFODVV EF
LQYROYLQJLW

_PSRUWD®W.-LV WKH UHFHLYHU RIWKH PHVVDJH EXW ZWHK® ZH VHQG D PF
PHWKRG ORRNXS VWDUWWK® W& B WX 5 R/E WBIE DPUERT-\E L R Q

»F 1T$QRWKHU H[DPSOH

%HIRUHH[SODLQLQJ ZLWK D P RAXIS\WHIPHDROUNL MWFIVF Z6® ¥ BIQ@DWR R KRZ D QR W K
DPSOH WKDW LOOXVWUDWHY WKDW VXSHU H[SUHVVLRQV GR QRW KDYH V
‘HFDQLQYRNHWKHRYHUULGGHQ PHWKRG DW DQ\SODFHLQVLGH WKHR

7TKHH[DPSOHFRXOGEHPRUHUHDOLVWLFEXWLWVKRZVY WKDW VXSHUH]
WKHILUVW H[SUHVVLRQRIDPHWKRG

/HW XV FKHFN WKH WZR GHILQ LWL RIQA#R RW &EHDDER#P AWK RIGN WK D W
EtE. 8° BV XVHG LQ ERWK

[ A# °R+“6DR << &° »
A CETE A
aiE 08 €U
§°Aea ™mMpoO
371E O8 &iE
aTE O8 &iE
k &8iE

G3iE O8 &iE O «t“- &° « &U

OO0 wm™
m
—+
m
.
[SIEEN
o
Cm

[ A##n°
k

O >

. <
Eé+Eéd a°+ O EtEe &° »

'KDW ZH FDQ GR LV WKH IR G D@ MIQH V& 5 HUFFHO D V V DaQIG DY WRKNRHE QW XVLQJ
LQ)LIXUH +HUHLVWKHQ WKHUHVXOWLQJVLWXDWLRQ

A# AeE<Eé << &° »
k EtEe a° «

A##OAe << F° o
k “DE&+Eé&a &a° » O &aiUR &° «

an




(I WHQGLQJVXSHUFODVYV EHKDYLRU

JLIXUH ,#([DPSOH WR XQGHUVAWD QG

[ A# °RBe"6DR << &° »
AN CETE A
aiE 08 €U
§°Aed ™MPO & Oet“- ~ ATE O8 &IE O +f“- a° « &U
41E O8 &iE O aiU+R &° U

47E 08 &iE O

k &iE

KDW\RX VHH LV WKDW ®#HM¥DQHWHXVAG WR\ZKHUH LQVLGH LQ WKHRYHU
DQGWKHLUUHVXOWY FDQ EHXVHGDVDQ\RWKHU PHVVDJHYV

»F "5HDOO\ XQGHUVWDQGLQJVXSHU

TRFRQYLQFH'RP QBOD-WRLQWY WR WKH VDPH REMHFW SRR FNMHXVH WKH F

LI\LWDVIROORZV
A##°Ae << 8IEg

k diU<R 88 &-A§

A##°Ae E«l §iE¢
<<< éR7e

Il -PSRUWD® WALV D VSHFLD®iyB3WO>OBRDAENHWWKHUHFHLYHU RI WKHPHVVD

1RZZHWDNH VRPHWLPHWRORRNDEVWUDFWO\DW ZKDW ZH SUHVHQW H !

WUDWHG E\)LIXUH
Ee0 '"tR
<<< UUU
Eed TR
<<< UUU
Eed "1R
<<< UUU

6ROXWLRQ
7KHVROXWLRQVDUHWKHIROORZLQJRQHYV
E«0 'fR
<<< of
Eed 'R
P <<< €

. Te



.F % &RQFOXVLRQ

el

/HW XVH[DPLQHWKHHYDOXDWIRBRQ RI WKH PHVVDJH
t - VFODVV LV
TKHUHLV QR1HQY KRG
7KH PHWKRG ORRHHXFBHYVRRWGIR X Q G
7KH PHWHRRGLY HIHFXWHG
7KHPHVVYDBUWVH®@W-WR

ai0-AJHSUHV HEAWWKH ORRNXS VWDUWV LQ WKHVXSHUFODVV RI WKH |
SUHV¥iIlURYR LW VWDUWYV LQ

7KH PHWHSR@ QRW IRXWKH QRRNXS FRQWLQXHV LQ

7KH PHWHGR@ IRXQBQQ LW LV H[HFXWHG RQ WKH UHFHLYHU L H
7KH PHVSWWVHQW WR

7KH PHWHERE IRXQBQQ H[HFXWHG ,WUHWXUQV

TKHQWRILQLVK WKH H[HBRX®Y MRIQHRU RHYW RRE KHiHAS 1§ b R KRG
EHH[HFXWHG

OHVVBJAE sBDHWXUQV WRR VRWKHUHVXOWUHWXUQV

-PSRUWDQOKWH GLIITHUHQ BRHAEHQMAHAM Y WKDW ZKHQ ZH VH®GBPHVVDJH WR
WKHPHWKRG ORRNXS VWDUWV LQ WKHVXSHUFOBRMVYRIWKHFODVV FRC

,f %&RQFOXVLRQ

,Q WKLV FKDSWHU ZHVDZ WKDW LQKHULWDQFHDOVR VXSSRUWV WKH SR
IURP WKLV RYHUULGLQJPHWKRG WRLQYRNHWKHRYHUULGGHQ RQH 7K
41U+RATU-ALV WKH UHFHLYHU R | a/A&sH R H\GLD UHHUHLONAHH LV WKDW WKH PHWKR G
FKDQJHG ZKHQ PHVVDaIHMDKH FPHQWRMRLY ORRNHG XS LQ WKH VXSHUFOD
FRQWDLQLQJWKH RHNMVDJIHVHQW WR

., TE






&+3$37(5 n

$ OLWWOHH[SUHVVLRQL

,QWKLV FKDSWHU\RX ZLOO EXLOGDVPDOO PDWKHPDWLFDO H[SUHVVLR
EHDEOHWREXLOGDQH[SUHVVLRQ VXFK DYV DQG WKHQDVN WKH L
<RXZLOOUHYLVLWWHVWYV FODVVHV PHVVDJHV PHWKRGV DQGLQKHUL
H[SUHVVLRQ WUHHV VLPLODUWR WKHRQHV WKDWDUH XVHG WR PDQLSX
HUVDQG FRGHUHIDFWRULQJV DV RIITHUHGLQ 3KDURDQGPDQ\PRGHUQ ,
ZLWKWUHHV UHSUHVHQWLQJFRGH ,QDGGLWLRQ LQWKHYROXPHWZR
DPSOHWR SUHVHQW WKH 9LVLWRU '"HVLJQ SDWWHUQ

6WDUWLQJZLWK FRQVWDQW H[SUHVVLRQDQG D WHVW

‘HVWDUW ZLWK FRQVWDQW H[SUHVVLRQ $FRQVWDQWH[SUHVVLRQLVI
WKHVDPH REYLRXVO\

/HW XV VWDUW E\GHILQLQJD WHVWFDVHFODVV DVIROORZV
a~aé ta. ai'*Ataa0 @ DEa&aétEéa-ae

CEdétE“sqtR°t'A+BTE-&0 VYV

“AtaaqtR°t'A+BTE«&a0 YV

Ut“et7+O0 Y UR-3EA°DEAY

‘HGHFLGHG WR GHILQHRQHWHVWFDVHFODVY SHUH[SUHVVLRQ FODVYV
FODVVHV ZLOO QRW FRQWDLQ PDQ\WHVWY WLVHDVLHUWRGHILQH QH

/HW XV ZULWHD ILUVW WHVW PDNLQJ VXUH WKDWAZittH B\Z\HDIHHW D YDO X H
UHWXUQV LWV YDOXH

PE&détEéadé << é+«dée UtAitée-

d.As taa-RéO0 i DE&étEeée E«0 GtAieO ..i atAité. +pPitAald ..

KHQ\RXFRPSLOHVXFKDWHVWPHWKRG WKH V\VWHHRMERXOG SURPSW
GHILQHG /HW WKH V\VWHP GULYH\RX 6LQFHZHQHHG WR VWRUH WKH YI
DGGDQLQVWDQ@FAHWRBRWIKHEP®DVYV GHILQLWLRQ

$WWKHHQG\RXVKRXOGKDYHWKHIROOIREZEQRIEGHILQLWLRQ IRU WKH FO|
H'v,e“& &i1'“At4a0 @ DE&éetESé

CEdetTE“eqtR°T'AeBTE«a0O YUTAieY

“AtaaqtR°t'A+BTE«&a0 YV

Ut“et" O Y UR-3EA°DEAY
HGHILQH WKHtRHWKRGHW WKH YDOXH RI WK il QW WD @ EFISYD\WDLPHEW KR G
WDNLQJRQHDUJXPHQW D& Y QYRWDQFHW DQ MDKEHD H



$ OLWWOH H[SUHVVLRQ LQWHUSUHW

JLIXUH ,"$,5DW FROOHFWLRQ RIFODVVHV ZLWKD VXVSHFW GXSOLFDWLRQ

DE&d&tEE << UtAi«O tE,E&+ R
GtAie O8 TE,E&«"«R

<RXVKRXOG GHILQHtWiKE-PWWKR&OG UHWXUQ WKHYDOXHRIWKHFRQVW
DE&détEE << <GtAité.
UUU xPiR “b™. JUU

<RXUWHVWVKRXOG SDVV

., ...1HIJDWLRQ

1RZZHFDQ VWDUWWR ZRUNRQH[SUHVVLRQ QHJDWLRQ /HW XV ZULWHTLC
FDVHFODVWN.-QIRPEHG-a8é

440 @ B."té°DEa-&é

t'A«BtE«a0O VY

7KH WHaeWwi tAit&KRZV WKDW D QHIJDWLRQ DSSOLHVWRDQH[SUHVVLRQ K
ZHHYDOXWHZH IJHW WKHQHJDWHG YDOXHRIWKHFRQVWDQW
Be'té°DbEa+dé << é+3é GtAite.
5A8 t534°R80 1| B "1&°DE E+0 » UR-34°PEO | PE&&tEE E-0 GtAi«O ..ii «GtAité. -pitAZ0 p...
/HW XVH[HFXWHWKHWHVWDQG OHW WKH VI\VWHP KHOS XVWR GHILQH W
VWDQFH YDULDEOHWRKROG WKHH[SUHVVLRQ WKDW LW QHJDWHYV
[H've*e ai’"Atasad @ Be"te°DE
"E48TE“+qtR°t'A*BtTE«80 Y« UR<EE°DEY
“AtaaqtR°t'A-BtE-ad VY
| Uteet+O0 ¥ UR-aa°PEaY
:HGHILQHD VHWWHU PHWKRG WREHDEOHWR VHW WKHH[SUHVVLRQ XQC
[ Bs"te°PE << « UR-44°PEO tE UR-4E°PE
« UR-a4°DE O8 tE UR-a4°DE

1RZ WikHATt1éePHWKRG VKRXOG UHTXHVW WKHHYDOXDWLRQ RIWKHH[SUH\
DQXPEHUWKHS3KDUROLEUDUESW&SRVHY WKH PHVVDJH

Be"t8°DE << sUtAitée

UUU xPiR “b™. JUU



., T $GGLQJIJH[SUHVVLRQDGGLWLRQ

JROORZLQJWKHVDPH SULQFLSOH ZHZLOODGG H[SUHVVLRQDGGLWLRC
PDNHWKH V\VWHP D ELWPRUHHDV\WRPDQLSXODWHDQG UHYLVLW LWV

T $GGLQIJH[SUHVVLRQDGGLWLRQ

7TREHDEOHWRGRPRUHWKDQ FRQVWDQWDQG QHIJIDWLRQ ZH ZLOO DGG \
PXOWLSOLFDWLRQDQGDIWHUZHZLOO GLVFXVVDERXWRXUDSSURDEFK

TRDGGDQH[SUHVVLRQ WKDW VXSSRUWV DGGLWLRQ ZHVWDUW WR GHII
. ai'*Ataad @ ™™cg°pPpEa-aé
d8tE“eqtR°t’ABtE-&a0 YV
td4aqtR°t’A«BtE+-a0 YY
Ut“ct"+O Y UR-3A°PEAY
$VLPSOHWHVWIRUDGGLWLRQLVWRPDNHVXUHWKDWZHDGG FRUUHFV
[ ™m™megepEa.ae << é.aé GtAite.
A ele o, A
+U. O8 1 DE&étEe

EeO GTAT«O ..iU
+U, O8I DE&aétEeé E-.0 GutAi«O fiU
5A8 t33°B60 1 ™™Meg°pPE Ee( R°-860 +Uep Ae§e0O -U,i «GtAité. -pitAsd ~

<RXVKRXOG GHIL@MNMKHEWOKDDWW ZR LQVWDQFH YDULDEOHV IRU WKH WZ
DGGYV

UR-aa°PE &i'*Ataad @ ™™°&°DE

E4E@TE“-qtR°T'A-BTE-&0 YA-§é& R°"-&V

“AtaaqtrR°t’'A.BtE-a0 YY

Ot“¢t <O Y UBR-a&°DEAY
'"HILQH WKHWZR FRUUHVSRQGL@ QB EWVYHU PHWKRGV
1RZ\RXFDQ GHut QiHaR KW KRG IRUDGGLWLRQ

™M™MegeDE << sUtAiTés

UUU xbiR “BP™. UUU

7TRPDNHVXUHWKDWRXULPSOHPHQWDWLRQLYVYFRUUHFW ZHFDQDOVR YV
VLRQV ,WLVDOZD\VJRRG WH DEGWGCARMBPDPWYVYRVKDW FRYHU

™MTMeaoDEaedé << @+48 UtAitéercé-Be"te°PE

AN ele o, A

«Us O8 Be"té°bDE E+0 » UR«3d4a°PDEO i DPE&aétEeé E«0 GtAieO ..iU

U, 08 1 DEaétEé E-0 GtAi-O fiU

d+A§8 td4.Re60 1 ™M™°a°pPE Ee R°"-80 «Usb Ae§e60 «U,i «atAités «pitAald p,

., F OXOWLSOLFDWLRQ

:HGR WKHVDPHIRUPXOWLSOLFDWLRQ ABN&DRHTB W HNDSNADMH PODVYV QL
QHZ FODN&UA°“t1e°DMEFRXSOHRIVHWWHU PHW KRG\ &MUHGNIKREG OJEBW QHZ
XVGRLWIDVWDQG ZLWKRXW PXFKFRPPHQWYV

[ae ta. ai'“Ataad @ AiAé°UA°“té°PEa-aé

BeTE“sqtR°t’'ABTE+a0 YV

taaqtR°t'A<BTE-&a0 YV

Ot“st"+0 Y UBR-aa°DEAY

aeé
°E

(o

[ AiAe°UA°“té°DEa-46 << é-46 GUtAiteées

A ele o0, N

«U« O8 i DEaétEé& E«0 GutAi-O ..iU

«U, O8I DE&aétEeé E-.0 GutAi«O fiU

5.A§ taa-Re0 i AiAG°UA°"tE8°DE EeQ R° -60 +Usbhb Ae§e0 -U,i «GtAitée «pitAad -..

SFT



$ OLWWOH H[SUHVVLRQ LQWHUSUHW

JLIXUH ,"([SUHVVLRQV DUH FRPSRVHG RIWUHHYV

H'Y+“8 ai’“At1aa0 @ AiAe°UA°“1é°bDE
CE4&TE“sqtR°t'A+BtE<G0 YA«§& R°"-&Y
“AtaaqtR°t’A+BtE-a0 YVY
Ut“¢t"+O Y UR+AA°PEAY

[ AiAe°UA°“t&°PE << R°"-80 tE UR<4&°DE
| R°"-é 08 tE UBR-a&°DE

[ ATAe°UA°“te°PE << A.§&80O tE UR+34°PE
| A-se 08 tE UB-aa°DE

[ AiAe°UA°“te°DE << <GtAités

UUU xPiR “D™e JUU

.,  B6WHSSLQJEDEFN

WLVLQWHUHVWLQIWR ORRNDW ZKDW ZH EXLOW VR IDU :HKDYHD JUR>
FRPELQHGWRFUHDWHFRPSOH[H[SUHVVLRQV (DFKH[SUHVVLRQLVLQ
VKRZQLQ)LJIJXUH 7TKHILIXUHVKRZVWZR PDLQ WUHKHMG RQHIRU WKH |
IRUWKH H[$UHY VIIRRV\DH WKDW WKH GLDJUDP UHSUHVHQWYV WKH QXPEHU

S3KDURHYHQ VPDOO LQWHJHUYV DUH REMHFW\E §&) K H RERMHEDAVWKH LQ V)

OHVVDJHVDQG PHWKRGYV

7KHLPSOHPHQW-DWALR&® RYWHEHH LV ZRUWK GLVFXVVL®UIIHKDHQAIH VHH LV
FODVVHV XQGHUVWDQG WKHVDPHPHVVDIJH EXWH[HFXWHGLIIHUHQW P

_PSRUWD®WHVVDJIH UHSUHVHQW YV D @ KQOWKHRXW GLEW GHRSUH \BHPGWWK R G U H
UHVHQWYV D VS HKKRYRPBWIKRQ RYKRXOG EH H[HFXWHG

:KDW ZHVHH LV WKDW VHOG tEN D PG M VYDUHVVLRQ LV PDNLQJD FKRLFH DF
GLIIHUHQW LPSOHPHQWDWLRQV RIWKHPHVVDJH 7KLV SRLOQW LV FHQW!

4



., B6WHSSLQJEDEFN

JLIXUH ,"(YDOXDWLRQ RQHPHVVDIJHDQG PXOWLSOHPHWKRGLPSOHPHQWDWLRQV

Il -PSRUWDBMQGLQJD PHVVDJHLV PDNLQJD FKRLFHDPRQJDOO WKH PHW|

$ERXW FRPPRQ VXSHUFODVYV

6RIDUZHGLG QRW VHH WKHQHHG WR KDYHDQ LOKHULWDQFHKLHUDUFK
RUUHXVH 1RZDGGLQJD FRPPRQVXSHUFODVV ZRXOGEHXVHIXO WR FRC
RUD IXWXUHH[WHQGHURIWKHOLEUDU\WKDW VXFKFRQFHSWV DUH UHC
H[SUHVVLRQ

'HVLIQ FRUQHU $ERXWDGGLWLRQDQG PXOWLSOLFDWLRQ PRGHO

'HFRXOGKDYHMXVWRQHFODVV  FDOOHGIRUH[DPSOH %LQDU\2SHUDWL
WKLV RSHUDWRUZLOOEHHLWKHUWKHDGGLWLRQ RUPXOWLSOLFDWLR
LQJD ZRUNLQJSURJUDP GRHV QRW PHDQ WKDW LWV GHVLJQ LV DQ\JRRG

,QSDUWLFXODUKDYLQJDVLQJOHFODVV ZRXOGIRUFH XV WRVWDUW WR
WRUDVIROORZV
°ETR UR+A4°PE << sGtAitée.
pU-RtéPR 8 @O
°gaBRicO & A.§é +atAités O RB°'-& +GtAités &
°g#tTA&dO & A+egé «UtAitée | R° -6 sGtAité-e

7KHUH DUH ZD\V LQ 3KDURWR PDNH VXFK FRGHPRUH FRPSDFW EXW ZH G|
VWDJH )RUWKHLQWHUHVWHG U+ BEDH BVOHOIRR R DR UH\WKAXRHVIY B BIWW K R G ED
RQLWV QDPH

7TKLVLVDQQR\LQJEHFDXVHWKHH[HFXWLRQHQJIJLQHLWVHOILV PDGH WI
WRDYRLG WR E\SDVV LW XVLQJH[SOLFLWFRQGLWLRQ ,QDGGLWLRQ ZK
WUDFWLRQ ZHZLOOKDYHWRKDYHPRUHFDVHVLQRXUFRQGLWLRQPDN
IUDJLOH

$VZHZLOO VHHDV D JHQHUDO PHVVDJHLQ WKLV ERRN VHQGLQJD PHVYV/
GLITHUHQW LPSOHPHQWDWLRQV 1RZWREHDEOHWRFKRRVHZHVKRXO(
DQG WKLVLPSOLHVKDYLQJGLIITHUHQW FODVVHYV

-PSRUWD&®DVVHV UHSUHVHQW FKRLFHVY ZKRVH PHWKRGV FDQ EH VHOH
+DYLQJPRUHOLWWOHFODVVHVLVEHWWHUWKDQIHZODUJHRQHYV

:KDWZHFRXOGGRLVWRLQWURGXFH D PRPPRIMBXSdHULEODRRVYEEHWZHHQ
EXWNHHS WKHWZRVXEFODVVHY :HZLOO SUREDEO\GR LW LQ WKH IXWX

»F



$ OLWWOH H[SUHVVLRQ LQWHUSUHW

y Y%1HJIJDWHGDV D PHVVDJH

1HIJDWLQJDQH[SUHVVLRQ LV H[SUHVVHGLQD YHUERVH ZD\ :HKDYH WR
LQVWDQFH RBW K& BFEDWWRK/RZQ LQ WKH IROORZLQJVQLSSHW

[ Be"té°PE E-0 + UR-84°DEO | DE&eTEE E-0 GTAI-O ..i

‘HSURSRVH WR GHIEQ HeRPH WKHIHH[SUHVVLRQV WKHPVHOYHYVY WKDW ZLO((
VWDQBMRA°PELWK WKLY QHZPHVVDJH WKHSUHYLRXV H[SUHVVLRQFDQ

[1 DE&&tEE E+0 GtAI-O .7 E+"tee™

QHIJDWHG PHVVDJHIRU FRQVWDQWYV
/HW XV ZULWH D WHVW WR PDNH VXUH WKDW ZH FDSWXUH ZHOO ZKDW ZH

DE&détEéasdé << @<46Be"tée™
d+A8 taa-.Re0 i DE&GTEE E+G UtAieO ti E."tée™ «utAitée «pitAd0 pt

$QGQRZZHFDQ VLPSO\LPSOHPHQW LWDV IROORZV

DE&etEe << Ee"fée™
k Be"té°PE Ee«d » UR+33°DEO &-A§

QHJDWHG PHVVDJHIRUQHJDWLRQV
Be'té°DEac8é << @&+48B« t&8°DEBe"tée™
d+A8 td4.R60 | DE&&TEE@ E+0 UTAiT«O ti Ee"tée™ Ee"fée™ otAités «bitAald t
Be"t8°DE << Ee"téem™
k Be té°bE Eell « UR48°DEO a+ASg
7KLY GHILQLWLRQLVQRWWKHEHVWZHFDQGRVLQFHLQJHQHUDO LW L)
XVDIJHLQVLGH WKHFODVYVY $EHWWHUGHILQLWLRQ ZRXOG EH

Be"t8°DE << Ee"téem™
k a«Ag§ “Atada E«G » UR-a4°DEO &+AS§

%XWIRUQRZZHNHHS WKHILUVWRQHIRUWKHVDNHRIVLPSOLFLW\

QHIJDWHG PHVVDJHIRUDGGLWLRQV
‘HSURFHHG VLPLODUO\IRUDGGLWLRQV

™M DEQed8 << @eAEBe tEe™
AN eJe .U’ N

«U. 08 DEa&ét
U, 68 bE&et
d+A8 td&.Re0 1 ™™ DE E+Q0 R°"-80 +Uep Ae§880 +U,i Ee"tée™ «(tAités +bPitAd0 p~
MTMeACHE << E."Té.TM

XxDifR “D™e

QHIJDWHG PHVVDJHIRU PXOWLSOLFDWLRQV
‘HSURFHHG VLPLODUO\IRUPXOWLSOLFDWLRQV

AiAe°UA°“té°DEa-8dé << @&+48& GtAitésBe"t&.™
A ele o0, A

+U. O8 PDE&detEE& E«0 GtAiO V]
«U, 08 PDE&étEe E«0 utAieO fU
d°A8 t44Re0 i ATA°UA°“t&°DE E+l R°"-80 «Ueb A<§&0 «U,i Ee"tée™ «(tAitées +pitAa0 p-..

» T %0



,~ S $QQR\LQJUHSHWLWLRQ

JLIXUH ,"&RGH UHSHWLWLRQLVDEDG VPHOO

AiAe°UA°“18°DE << Es"téem™
U0U xPiR “BP™. UUU

1RZDOO\RXUWHVWV VKRXOG SDVV $QGLWLVDJRRGPRPHQWWR VDYH

," S$QQR\LQJUHSHWLWLRQ

/HW XV VWHS EDFNDQG ORRNDW ZKDW ZH KDYH :HKDYHD ZRUNLQJ VLW,
GHVLIQLVWREULQIJWKHFRGHWRDEHWWHUOHYHO

6LPLODUO\WR WKH-WV+tAWWPWYRDIRH WKEBH PHWKRGY ZHVHH WKDW WKH IXQ]
Ee"tée™WV GLVWULEXWHG RYHUGLIITHUHQW FODVVHYV 1RZZKDW LV DQQR\L
VDFRRGH RYHUDQGRYHUDQG WKLVLVQRWJRRG VHH)LJXUH 7KLV L
URZZHZDQW WR FKDQJH WKHEHKDYLRURIQHJIJDWLRQ ZH ZLOO KDYH WR
RQHWLPHVKRXOGEHHQRXJK

KDWDUHWKHVROXWLRQV"

$:HFRXOG GHILQH BQR&WMHKWD ROZRNO G GR WKH MRE DQG HDFK FXUUHQ!
GHOHJDWHWRLW %XWLWGRHVY QRW UHDOO\VROYHRXUSUREOHP V
PHVVDJH VHGBGVaWREWDVWDQFHV

$,1ZHGHILQH WEH PHIWXWEH V X SiHtrEaZBIVR/Q O\ QHHG RQH GHILQLWLRQ
DQG LW ZLOO ZRUN ,QGHHG ZKEQIZHWR QR G MWKHBERFAHDE H
RUMMeg BEKH VIVWHP ZLOO QRW ILQG LW OFR%EDOER ERW HE &/WIR VX SHU
GHILQHLW IRXUWLPHV EXW-RJALRQYROQXRWORYVYY QLFHEHFDXVH LW L
QXPEHURIVLPLODU GHILQEWL&R®X\R ILWKH RHRMKFRRG EHFDXVH HYHQ
3KDUR ZH FDQ DG G PHW KRGAAWKR WIK\HFRW D\ R'R:.6* & U D AR IDRH/
VKDUHG E\WKHHQWLUH V\VWHP VR ZH VKRXOG WDNH FDUH QRW WR D
IRUD VLQJOHDSSOLFDWLRQ

f7TKHVROXWLRQLVWRLQWURGXFHD QHZVXSHUR®@DVYWEHWZHHQ RXU
ZLOO KDYH WKH VDPH SURSH U W\ %4 K& XQUWVALIMKRROWVI R@QXAN MWXKI LW VHI
XUH 7TKLVLVY ZKDW ZHGRLQ WKHQH[WVHFWLRQ



$ OLWWOH H[SUHVVLRQ LQWHUSUHW

JLIXUH ,"-"QWURGXFLQJD FRPPRQ VXSHUFODVV

~QWURGXFLQJ ([SUHVVLRQ FODVV

/HW XV LQWURGXFHD QHZFODVV WR REWDLQ WKH VLWXDWLRQ GHSLFWH
DGGLQJD QHZFODVV
H'Vie“& Aa7'“Ataal0 @ UR+84°DE

CEABTE“sqtR°T'AsBtE-a0 VY

“AtaaqtBRet ABtE.aO YY

Ut“et"+O0 Y UR+3EA°DEAY

DQGFKDQJLQJDOO WKH SUHYLRXV GH } & &y bMQ\RWY NVRRNRKHHJLW IURP
DPSOHWKHWEDDHAY WKHQ GHILQHG DV IROORZV

UrR.-as°bE ai’*Ataad @ DE&aetEe

CEdETE“sqTR°t'ABTE«40 YutAisY

“AtaaqtR°t'A+BtE-&0 VYV

Ut“¢t"+O Y UR.AA°PDEAY

‘HFDQDOVR XVHIRUWKHILUVW WUDQ V, RUPLOLW V KREHDKNYBYR DM VY HID F W F
DUHFRGHWUDQVIRUPDWLRQV WKDW GR QRW FKDQJH WKHEHKDYLRU RI

WKHUHIDFWRULQJV OLVW ZKHQ\RXEULQJWKHPHQXRQ WKHFODVVHYV
FKDQJHV

2QFH WKH FEERI¥ VEHBA "té°PE ™M™ g°PEQGIAe°UA“teBH VXEFOMYVHV RI
UR-88°PEH VKRXOG IRFXV REQ"WWeK PLREZ WWRIGP H W K R G3XN IKZE®Y R WIHQ J
DOO\KHOS XV

f6HOHFW WKEH R EWRR®H RI WKH FODVVHV
F6HOHFW WKH BXVBEKWRULQJ

7KH VA\VWHP ZLOO G H H.Qth W¥ i WWAKHHWKKBSEWF ®&D VB QG UHPRYH DOO WKH
QHIJDWHG PHWKRGV LQ WKHFODVVHYVY 1RZZHREWDLQ WKHVLWXDWLRQ
PRPHQWWRUXQDOO\RXUWHVWY DJDLQ 7KH\VKRXOGDOO SDVYV

1RZ\RXFRXOGWKLQNWKDW ZHFDQLQWURGXFHD QHZFODVV QDPHG $U
FODVVRM-g° D) BiAe°UA°“1e°POQGHHG WKLV LV VRPHWKLQJWKDW ZHFRXOG
FRPPRQ VWUXFWXUHDQG EHKDYLRUEHWZHHQ WKHWZRFODVVHV :HZL
FDOO\MXVWDUHSHWLWLRQRIZKDW ZHKDYH GRQH

W F<



., & &ODVV  FUHDWLRQ PHVVDJHV

, E&ODVV FUHDWLRQ PHVVDJHV

8QWLOQRZZHDOZD\VVHQW WKHPHVVDJHQHZWRDFODVVIROORZHG E\
| DE&etEe E+0 GTAiO ..

'HZRXOG OLNHWR WDNH WKHRSSRUWXQLWF®@BPWKRKREKDMNWRAIHP EDQYGHH I L
WKHFODVVLQVWDQFH FUHDWLRQLQWHUIDFH ,Q WKLVH[DPSOHLWLVYV
SRUWDQW EXW ZH WKLQN WKDW WKLV LV D QLFHH[DPSOH :LWK WKLVLQ
EHZULWWHQDVIROORZV

| pEaetEe GtAi-O ..

IRWLFHWKHLPSRUWDQW GLITHUHQFH WKDW LQ WKHILUVW FDVH WKH PF
VWDQFH ZKLOHLQ WKHVHFRQG FDVHLWLV VHQW WR WKHFODVV LWVHO

7TRGHILQHD FODVVPHWKRGLVWKHVDPHDVWRGHILQHDQLQVWDQFHP
RQO\GLIIHUHQFH LV WKDW XVLQJWKHFRGHEURZVHU\RXVKRXOG FOLF!
WKDW\RXDUHGHILQLQJD PHWKRG WKDW VKRXOG EHH[HFXWHGLQ UHV
LWVHOI

%HWWHU LQVWDQFH FUHDWLRQ IRUFRQVWDQWYV

'"HILQH WKH IROORZLQJ PHMEK RIGC & RWMKRHHRA/DIOH/ @ H I L QELBM e RE@ QR Z XV H
“Atad QG QRWoM XatWEeR VWUHVV WKDW ZHDUH GHILQLQJWKHFODVV PHWK
DEZetESE “Atd4d << UtAieO tE,Eé«"oR

k 8+A§ E<0 GTA1+O tE,E&+"+R

1RZGHILQHD QHZWHVW WR PDNHVXUH WKDW RXUPHWKRG ZRUNV FRUU

H
DE&détEéa<8é << &+86 BReté°PEr°é- Ataa Rete°DEA-&&T -
d+A8 t34-Re0 i DE&aetEE& GtAieO ..i sGtAité. «PitAZO ..

%HWWHU LQVWDQFH FUHDWLRQ IRUQHJDWLRQV
‘HGR WKH VDPH IRR} WKIBEODVV

Be"té°PE “Atdd << « UR«3a°PEO tE UR+34°DE
UUU xPiR “D™e« UUU
‘HZULWHRIFRXUVHD QHZWHVWDVIROORZV
Be"té°DEa+dé << é38 UtAitéer°é- At44 Ret@°DEA-&AT
4°A8§ tda.Be0 i Be"té°PE « UR*34°DEO | DE&aétEe GtAieO ..ii atAités «bitAad p..

%YHWWHU LQVWDQFH FUHDWLRQ IRUDGGLWLRQV
JRUWKHDGGLWLRQ ZHDGG B-Eoby/V-8#dDWNKRGWPRIBGIXPHQWYV

™mmegepPE “Atda << A-§&0 tE,E&-"eR R°"-80 tE,E&-"+R,
k aeA§ E«0 A+-§60 tE,Eé+"+R b B°"-80 tE,Eé&+"+R,

2 FRXUVH VLQFHZHDUH WHVWLQIHVWHG ZHDGGD QHZ WHVW

™TMeBa DEQed8 << @+46 UtAitéercé- Ataa Reté°PDEA-44T -

A el .U‘ N

U« O8 PDE&détEeé “PE&détEe..U

+U, 08 PDPE&détEe “DEaétEefU

4°A8§ tada.Re0 i ™M™Mca°pPE Aeg§eO «Ue R°"-80 +U,i «GtAitées «pitAdl "
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$ OLWWOH H[SUHVVLRQ LQWHUSUHW

%YHWWHU LQVWDQFH FUHDWLRQ IRUPXOWLSOLFDWLRQV
‘HOHW\RXGR WKHVDPHIRUWKHPXOWLSOLFDWLRQ

[ ATAe°UA°“t&°DE “Ataa << A«§e0 tE U R°"-80 tE U,
UUU xPiR “P™. UUU
$QGDQRWKHU WHVW WR FKHFN WKDW HYHU\WKLQJLV RN

[ ATA&°UA°“te°DEa+dé << @+86 GTAitéer°é- Ataa Ret6°DEA-AET
A e o0, A

«U« O8 PDE&étEeée E«0 GtAieO ..U
«U, 08 DE&étEé E«0 GtAieO fU
4°A§8 tda-Re0 i ATAG°UA°“t&°DE E+0 A<§&0O +Ueb RB°"-80 «U,i «GtAités +pitAdld ..

5XQ\RXUWHVWYV 7KH\VKRXOGDOO SDVV

- QWURGXFLQJH[DPSOHV DV FODVV PHVVDJHV

$V\RXVDZZKHQ ZULWLQJWKHWHVWYV LWLV TXLWHDQQR\LQJWR UHSHI
DJLYHQ WUHH 7KLV LVHVSHFLDOO\WKHFDVHLQWKHWHVWY UHODWHG
RQHEHORZ

™MIMeB DEQed8 << @e4E8Be tée™

A e o0, A

«U. O8 DE&étEeé E«0 atAieO ..U

«U, 08 PDE&étEe E«0 utAieO fU

5A8 138860 1 ™™egepE Eeo R°"-80 «Ueb Ae§EO U,i Ee"té&e™ «utAités «pPitAad p~
2QHVLPSOHVROXWLRQLVWRGHILQHVRPHFODVVPHWKRGUHWXUQLQJ
GHILQHD FODVVPHWKRG UHPHPEHU WKDW \RXVKRXOG FOLFNWKHFODV
| DEsetEe "Ataa << "DE&etEe..

k a<A§ E«0 GtAiO ..

“ A
*0

DE&aetE
k d+A8

“DEseTESf
f

o —+
—+ m

<
.

m @
> W
[OWN

;
7KLV ZD\ZHFDQ GHILQH WKHWHVWDVIROORZV

™MTIMOE PDEQe48 << GedB8Be"t@e™

AN eJe .U’ N

U« O8 PDE&détEeé “PE&déetEe..U

U, 08 DE&étEé “PE&aétEe&fU

d+A8 td4.R60 1 ™™°g°PE Eel R°'-80 «Ueb Ae§eO «U,i E«"tée™ «atAités «pitAald p°

7TKHWRROVLQ 3KDURVXSSRUW VXFKD SUDFWLFH ,IZHWDJD FODVV PH\
CatEUA. Edaét®WKH EURZVHU ZLOO VKRZD OLWWOHLFRQRQWKHVLGHDQG
RSHQDQLQVSHFWRURQWKHQHZLQVWDQFH

| PEaetEe “Ataa << “DEaétEef

CA4tEUA. E&détE“-<

k 4+A8 E+0 GtAi-O f

XVLQJWKHVDPHLGHD ZHGHILQHG WKHIROORZLQJFODVVPHWKRGVY WR
™™MegepE “At&dd << §°U+TAida-Ree

CA4tEUA. E&détE“-<

AN eJe o0, A

«U. O8 DE&étEeé E«0 UtAieO V]
+U, 08 DE&ZétEE& E«0 utAisO fU
k 4+A§ E«0l A«§60O +Ue b R°"-80 «U



.Y e 3ULQWLQJ

AiAé°UA°“té°PE “Atda << §°Ue.a°Ecda-Re-
CatEUA« Ed&TE“s<
A ele o0, N
-U. O8 DE&étEe “PEaétEe..U
+U, 68 DE&ZetE& “DE&&tEEfU
k AiAé°UA°“t&°PE E+0 A«§é0 +Us b R°"-80 U,

KDWLVQLFHZLWKVXFKH[DPSOHV LV WKDW
FWKH\KHOS GRFXPHQWLQJWKHFODVV E\SURYLGLQJREMHFWY WKDW
FWKH\VXSSRUWWKHFUHDWLRQ RIWHVWY E\SURYLGLQJREMHFWYV W|
FWKH\VLPSOLI\WKH ZULWLQJRIWHVWV

6RWKLQNWR XVH WKHP

3ULQWLQJ

WLV TXLWHDQQR\LQJWKDW ZH FDQQRW UHDOO\VHHDQH[SUHVVLRQ ZI
JHW VRPHWK L Q NE HAEWeH ERRIGIEQ ™ ™6 °PEMQ ZH GHEXJ RXU SURJUDPV 7R
GLVSOD\VXFKLQIRUPDWLRQ WKH GHEXJJHUDQG L@¢SHFARRYU VHQG WR \
ZKLFKE\GHIDXOW MXVW SUHIL[WKH QDPH RIWKH FODVV ZLWK -DQ- RU D

/HW XV FKDQJH WKLV VLWXDWLRQ )RU WHRAE AR I LIOe@MEHFHBOL]IH WKH F
VDUR°EEHEY FDOOHG RQ WKHREMHFW ZKHQ D SURJUDP RUWKH VA\VWHP V|
VDUR°Eé[éR°EfURP WKDW SHRANESHEWD YHMVWHP FXVWRPLVDWLRQ SRLQW Wi
HUVFDQ WDNHDGYDQWDJHWR HQKDQFH WKHLU SURJUDPPLQJH[SHULH

I1RWHWKDW ZH GR QRW UHHéLaRFHEW K B PVHWIKWR GV PR UH FERPEROEH [ DQ G
LVUHXVHGIRUDOO WKHREMHFWV LQ WKHV\VWHP :HMXVWKDYHWR LP¢
JLYHQ FODVV ,QREMHFW RIRLH&MHE GHVH P Q MDWBRPHWKRG LQ WKH VHC
LWVHWY XSDFRQWH[W ZKLFKLY VKDUHG E\RWKHUREMHFWY DQG LW KR
FXVWRPLVDWLRQeHRU@PWRRN PHWKRG 7KHWHUP KRRNFRPHVIURP WKH
VXEFODVVHVDUHLQYRNHGLQ WKHKRRNSODFH VHH)LJXUH

7KHGHIDXOW GHILQLWRREE RD& & H PLHOWM IGRRED W KHVFWRMVROORZLQJ LW
JUDEV WKHFODVVQDPHDQG FKHFENV LILWVWDUWYV ZLWKD YRZHO RU QR
FODVV.: 7KLV LV ZK\ EY®&GH [DEEG WZEKHH QR SULQWHG D FRQVWDQW H[SUHWV)

[ H'%e+"6 << URB°EEHEO t[éR-t1E

U UUE™ &P é-« TR"TEEEO t[@R+TED 1 &A+bPicE“s D§ “-TRT“6+R& &-té&
CTMeEB°E%ed &-0 Re“e°0RUU
N geeAe A
é°éA. O8 a+-As “Ataa EtE-U
t[éR-TE
Ee eTie AAO ié
E. éTie AAO e°

°éA. §°R&é& °aqb0+A °8aRi+O @YTE Y& °§#1tA&.0 &Vt Yvéip
eA.

$ZRUG DERXW VWUHDPV

$ VWUHDP LVEDVLFDOO\D FRQWDLQHU IRUD VHTXHQFHRIREMHFWYV 2Q
IURPLWRU ZULWHWRLW ,QRXUFDVHZHZLOO ZULWHWR WKHVWUHDP
LVDVWUHDP H[SHFWLQJFKDUDFWHUV ZHZLOODGG FKDUDFWHUV RU VW
'HZLOO XVH WK PHVAMDIHW+“&QE> 6T7ié AAO t[éR°EKH\DGG WR WKH
VWUHDP WKHDUJXPHQWV DWWKHQH[W SRVLWLRQDQGIROORZLQJ :HZ
FDQILQGPRUHLQIRUPDWLRQRQWKHFKDSWHUDERXW6WUHDP LQ WKH
KWW S ERRNV SKDUR RUJ
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$ OLWWOH H[SUHVVLRQ LQWHUSUHW

JLIXUH ,"SWLQW2Q DQG SULQW6WULQJD KRRNVDQG WHPSODWH LQ DFWLRQ

3ULQWLQJFRQVWDQW
/JHW XV VWDUW ZLWK D WHVW +HUH ZHFKHFNWKDWDFRQVWDQW LV SUL:
PE&détEéadé << &«36TR°EE°E"

4.A8 taa-Re0 i DE&&tEé UtAieO ..i UR°EE[éR°E" «bPitAald Y..Y

7TKHLPSOHPHQWDWLRQLVWKHQVLPSOH :HMXVWQHHG WR SXW WKH YD
VWUHDP

PEadétEE << UR°EEHEO t[éR<tE

t[éReTE E« &éTié AAO GtAis UR°E&[éR°E"

3ULQWLQJQHJDWLRQ

JRUD QHIDWLRQ ZH VKRXOG ILUVW SXWD: - -DQGWKHQUHFXUYLVHO\FD
H[SUHVVLRQ 5HPHPEHU WKDWRYHQ&ERLEARWROHPHYNDOIHRQ VKRXOG UHWX
VWULQJUHSUHVHQWDWLRQ $WOHDVW XQWLO QRZLW ZLOO ZRUN IRU FI

[i PE&détEe utAi-O ti UR°E@[8R°E"
<<< YtY

+HUHLVDSRVVLEOHGHILQLWLRQ

[ Be"t@°PE << UB°EBHEO f[&R-1E

t[éR-tE E+ éTié AAO Yp V
t[8R«TE E+ éTié AAO « UR-34°PE UR°EE[&R°E"

%\ WKH ZD\VLQFHDOO WKHPHVVDJHVDUHVHQW WR WKHVDPHREMHFW

[ Be"te°DE << UR°EGHEO f[&R-TE

t[eReTE
E. 6Tie AAO Yp Vb
Ee. éTiée AAO » UR«4a4°DE UR°E&[&R°E"



w we. DBHYLVLWLQJQHIDWHG PHVVDJHIRU 1HJDWLRQ

‘HFDQDOVR GHILQHLWDVIROORZV
Be"té°DE << UR°EEHEO t[éR-tE

t[éR<TE E- &éTié AAO Yp YU

+ UR-34°DE UR°EEHEO f[eR-TE

7KHGLIITHUHQFHEHWZHHQ WKHILUVW VROXWLRQDQG WKHDOWHUQDWH
WKH VRO XWIRREE )LV KH VI\VWHP FUHDWHV WZR VWUHDPV RQHIRU HDFK
PHVVDR+e[eR°E2ZQH IRU SULQWLQIJWKHH[SUHVVLRQDQGRQHIRU SULQW|
WKHILUVW VWUHDP LV X\EH[EMWEKRPHVUIMINWKH VWUHDP FRQWHQWYV LQW
WKLV QHZVWULQJLY SXWLQVLGHWKHVHFRQG VWUHDP ZKLFKDW WKH H
WKHILUVW VROXWLRQLVQRWUHDOO\HIILFLHQW :LWKWKHVHFRQG VR
HDFKRIWKHPHWKRG MXVW SXWWKHQHHGHG VWULQJHOHPHQWYV LQVLC
UrR°Eée[éR°BEHVVDJH FRQYHUWV LW LQWR D VWULQJ

3ULQWLQJDGGLWLRQ
1RZOHW XV ZULWH\HW DQRWKHU WHVW IRUDGGLWLRQ SULQWLQJ

™TMea PDEQed@ << E+AETR°EE°E"

d+A8 184360 1 ™™°g°PDE §°(+TAida-RBeei UR°EE[ER°E" +PitAdO Y .. O f iYU

deA8 t&8<REO0O 1 ™™°g°PE §°(eTAida-Reei Es"tée™ UR°EE[ER°E" +pPitA&AO0 Yp i .. O f iY
SULQWLQJDQDGGLWLRQLYVY SXWDQRSHQ SDUHQWKHVLY SULQW WKHC
H[SUHVVLRQ DQG SXWD FORVLQJSDUHQWKHVHLQ WKHVWUHDP

™MmogepE << UR°EEHEO t[éR«tE
U0U xPiR “P™. UUU

SULQWLQJ PXOWLSOLFDWLRQ

$QGQRZZHGRWKHVDPHIRUPXOWLSOLFDWLRQ
AiAé°UA°“té°DEa“dé << @+48TR°EE°E"
d+A§ t44.Re0 i ATAe°UA°“t&°DE §°Gea’E+da-Reei Ee"tée™ UR°EE[ER°E" «PitAEO Yp i ... 1 f
iy

AiAé°UA°“té°PE << UR°EEHEO t[éR-tE
UUU xPiR “D™. JUU

y »e-dHYLVLWLQIJQHIJDWHG PHVVDJHIRU 1HIJDWLRQ

1RZZHFDQJREDFNRQ QHJDWLQJDQH[SUHVVLRQ 2XULPSOHPHQWDWL
QHIJIDWHDQ\H[SUHVVLRQDQG JHW WKHFRUUHFW YDOXH ,I\RXORRNDW
FRXOGEHEHWWHU 3ULQWLQJD QHIDWHG QHIJDWLRQLOOXVWUDWHYV Zt
VWHDG RI QRQH

i DE&EtEE& GtAieQ oei Ee " tée™

<< Yb oo Y

i DE&AEtEE& GtAieQ oei Ee"t@e™ Ee"fge™
<< Yp p eeVY

$ VROXWLRQFRXOGEHWRFKDQJHWKHSULQW2Q GHILQLWLRQDQG WR |
LVDQHIJDWLRQDQGLQVXFKFDVHWR QRWHPLWWKHPLQXV /HW XV VD\
FDXVHZHGRQRWZDQWWR ZULWHFRGH WKDW GHSHQGV RQH[SOLFLWO!
FODVV 5HPHPEHU ZH ZDQW WR VHQG PHVVDJHDQG OHW WKHREMHFW GF

$ JRRG VRO X WS IREMDOM/RH ¥V BadH R WKDW ZKHQ LGHLI\D M. @\ MARDR W
FUHDWHD QHZ QHJDWLRQ WKDW SRLQWV WR WKH UHFHLYHU EXW LQVWH
HUZLVH WKH PHWKRG LPB8GHPEQOVHBH.B[HFXWHG 7KLV ZD\WKH WUHHV F
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$ OLWWOH H[SUHVVLRQ LQWHUSUHW

DE."té+PHVVDIJHFDQ QHYHU KDYH QHIJDWHG QHIJDWLRQ EXW WKH DULWKF
UHFW /HW XV LPSOHPHQW WKLV VROXWLRQ ZH MXVW QHHG WR LPSOHPF
E«"té.MWB-"te°DE
/[HW XV ZULWH D WHVW 6LQFHHYDOXDWLQJD VLQJOHH[SUHVVLRQRUD
UHVXOWV ZHQHHG WR GHILQHD VWUXFWXUDO WHYWE-7tebY LV ZKDW ZH (
“Ataa 8 B+"té’®BHORZ
Be"té°PEa+&deé << &-48Be"té-™[&Ri"€iR+, & DRR+"8
AN o U A
- U 08 DE&eftEE GtAieO +-U
a-Ag taa-ped - U E-"te.™ “Ataa 8 B-"té°PEU
a+A§ taa-Bed « U E+."tée™ E+"tée™ «pitAad - OU

1RZ\RX VKRXOG EH DEOH &R & PFSH-OVTHIGIVRQY 1OHE

Be"t8°PDE << Ee+"fée™
UlU xPiR “D™. UUU

8QGHUVWDQGLQJPHWKRG RYHUULGH

KHQ ZHVHQGD PHVVDJHWRDQREMHFW WKHV\VWHP ORRNV IRU WKH FF
RIWKHUHFHLYHUWKHQLILWLVYQRWGHILQHG WKHUH WKHORRNXSFRQ
RXV FODVV

%\DGGLQJD PHWKRB-L1@ VB EZHHAFQUDH\DWHG WKH VLWXDWLRQ VKRZQLQ )LJIX
WKDW WKHERHYMDARYHUULEGGH®ERGFDXVH IRU L @Y'WD QEWM KRG HV
WKHPHWKRG GHILQHG LQRAWIEGHDMEXSHUFODVYV

W ZRUNV WKHIROORZLQJ

F:KHQZHVHQG WKHR&HWRDHRQVWDQW WKHPHVVDIJHLY QRWIRXQG
PEGEtHEQG WKHQ LWLV ORRNH®R %10 QEKHWQDYRXQG WKHUH DQG DS
SOLHG WRWKHUHFHLYBHaaAWKH LOQVWDQFH RI

$:KHQ ZH VHQG WKEH R &-WR DHQHIDWLRQ WKHPHVVDBH EN IRXQG LQ WK
6°PBOQG H[HFXWHG RQ WKH QHIJDWLRQ H[SUHVVLRQ

s 2T-QWURGXFLQJ %LQDU\([SUHVVLRQ FODVYV

1RZZHZLOOWDNHDPRPHQWWRLPSURYHRXUILUVW GHFWVY°PQ :HZLOO IL
e°PBODQG@iIAe°UA°“Té°DE
[ UR-a&a°PE ai'"Ataa0 @ °EtR UR-44°DE

"EA8TE“+qtR°t'AsBTE«&0 YVY

“AtaaqtR°t'A+BtE-&a0 VYV

Ut“ct O Y UR<&&°PEAY

CEtR UR+44°PE &i'“Ataad @ ™M™eag°pE

CEdetE“eqtR°t'AsBtE*a0O YA+§& R°"-&Y

“AtaaqtR°t'A*BtE.a0 VYV

Ut“¢t7"+O Y UR-AA°DEAY

CEtR UR-.d4°PE &ai'“Ataad @ AiAé°UA°“té°PE

CEdetE“sqtR°T'AsBTE<&0 YA«§é RB°"-&Y

“AtaaqtR°t'ABtE.a0O VY
| Ut“¢t O Y UR-aa°PEAY

1RZZHFDQ XVHDJDLQD UHIDFWRULQJWRSYO)MEXISWNHEHQOVDY Q\FKIHY DU L
PHWKRG&D QB -0

6HOHFW WK HAODRBYDEULQIWKHPHQXDQG VHOHFWLQ WKHS5HIDFWRULQJ
YDULDEOHV BHMKFMNBRHQLQHAOHFW WKHLQVWDQFH YDULDEOHYV

. F



. 2T -QWURGXFLQJ %LQDU\([SUHVVLRQ FODVYV

YLIXUH ,"7&H PHVVEDJHE™/ RYHUULGGHQ LB WEHDFEEODV V

1RZ\RXVKRXOGJHWWKHIROORZLQJFODVVGHILQLWLRQV ZKHUH WKH I
QHZFODVVDQGUHPRYHGIURPWKHWZRVXEFODVVHYV
[ UR-aa°PE ai'"Ataad @ °EfR UR-34°DE

CEAETE“eqtR°T'A+BtE-20 YA+§é& R -&Y

“AtadaqtR°t'AeBtE-ad VY

Ut"et O Y UR-aa°PEAY

CEtR UR-A4°PE ai'“Ata80 @ ™™Meg°pE

°EdetE“sqtR°t'AeBtTE«aO YV

“AtaaqtR°t’A-BTE-a0 YY

Ut“et" O Y UR-3EA°DEAY

°EtR UR+344°PE &i'“Atda0 @ AiAe°UA°“té°DE
CEAE8TE“sqtR°tT'AeBtE«a0 YV

“AtaaqtB°t A-BTE«a0 YV

Ut“et O Y UR-ada°DEAY

‘HVKRXOGJHWDVLWXDWLRQ VLPLODUWR WKHRQHRI)LIXUH $OO0 \F

1RZZHFDQ PRYHWKH VDPH ZD\ WKH PHW-K B ¥ GEMHIB-HRAWWHK K R HDFK\VRRGJ L Q
3X00 8S OHRWKKRHEVDPH IRU RVKHP HWKRG

&UHDWLQJD WHPSODWHDQG KRRN PHWKRG

1RZZHFDQ ORRN DWER/KEHROIWERGWLRQV DQG PXOWLSOLFDWLRQV 7KH\
ODU -XVWWKHRSHUDWRU LV FKDQJLQJ 1RZZHFDQQRW VLPSO\FRS\RC
QRWZRUNIRUWKHRWKHU %XW ZKDW ZHFDQGRLVWRDSSO\WKHVDPH
IRUR°Eé[éeR°BQER°EEHEOH FDQ FUHDWHD WHPSODWHDQG KRRNV WKDW ZLO
VXEFODVVHYV

'HZLOO XVH WKR°EEHNVOWRIGWHPSODWH ZLWK D KRRNUHGHILQHG LQ HDFK \

/HW GHILQH WKH PH\E@R REGR UR-3a°PDQG UHPRYH WKH RWKHURQHV IURP W
FODVWHWe - DE) @BiAe°UA°“t1&°bDE



$ OLWWOH H[SUHVVLRQ LQWHUSUHW

JLIXUH ,")DFWRULQJLQVWDQFH YDULDEOHYV

CETR UR«a4°PE << UR°EEGHEO t[éR-tE
t[eR1E E+ &Tie AAO Yi YU

A-5& URB°EEHEO t[éR+1EU

t[eR-1E E- &6Tie AAO Y O YU

Re'-& UR°EEHEO t[éR<tEU

t[eR1E E- &Tie AAO Y iY

TKHQ\RX FDQ GRLW PDQKWODKWIHHWKWERULQJ 7KLVUHIDFWRULQJ FUHI
PHWKRGIURPD SDUWRIDQH[LVWLQJPHWKRGDQGVHQGVDPHVVDJH WEF
WKH:- -LQVLGHWKHPHWKRG SDQHDQGEULQJWKHPHQXDQG VHOHFW W
ZKHQ SURPSW JL YoH W& KD QR PHE -
+HUHLVWKHUHVXOW\RXVKRXOG JHW
[ °EtR UR<aa°PE << UR°EEHEO f[eR-tE

t[éR«tE E+ &éTié AAO Yi YU

A-gé URB°EEHEO f[éR<tEU

t[éR+tE E+ &éTié AAO a-As8 PU-RTtE&DR[ER°E"U

Be'-& UR°EEHEO t[éR-tEU

t[éR«tE E+ éTié AAO Y iV

°EtR UR+34°PE << PU-RTEDR[ER°E"

k'Y OY

1RZZHFDQ MXVW UHGHILQHMHRWEK{0APH SVRIAERSVIVOWARKIHH W XU Q WKH DGHTXDW

[ AiAe°UA°“t6°DE << DU+RTEDR[ER°E"
kY TY

.  »f:KDWGLG ZH OHDUQ
TKHLQWURGXFWLRBOIRI WK HE®QEVMVULFKH[SHULHQFHLQ WHUPV RIOHVV|
FDQ OHDUQ

t5HIDFWRULQJVDUHPRUHWKDQVLPSOHFRGHWUDQVIRUPDWLRQV &
WKDW WKHLUDSSOLFDWLRQ GRHV QRW FKDQJH WKHEHKDYLRURI SU
SRZHUIXO RSHUDWLRQV WKDW UHDOO\KHOS GRLQJFRPSOH[RSHUD\

~ o
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. » $SERXWKRRNPHWKRGYV

JLIXUH ,")BEFWRULQJLQVWDQFH YDULDEOHV DQG EHKDYLRU

f:HVDZWKDW WKHLQWURGXFWLRQRIDQHZVXSHUFODVVDQGPRYLQ
WRDVXSHUFODVV GRHV QRW FKDQJH WKH VWUXFWXUH RUEHKDYLRL

IRUWKHVWDWH WKHVWUXFWXUHRIDQLQVWDQFHLVY EDVHG RQ VW
SHUFODVVHYV WKHORRNXS VWDUWV LQ WKHFODVV RIWKHUHFHLY

F:KLOH WKH BtrW&KHE® E\LWVHOI D KRRNUMREAMWARHEPWWBRR®OVR SOD\
WKHUROHRI D WHPSODW HBRIMAN BKHRRG & RUHEFX P HW MRKG FRQWH[W FUHDWH
WKH EEHPBHIWKRG ZKLFKDFWV DV D WHPSODWHPHWKRG ,QIDFWHDF
ZHFUHDWHD KRRNPHWKRG WKDW VXEFODVVHV FDQ VSHFLDOL]H

S . $ERXW KRRN PHWKRGV

'KHQZH LQWUREGKFH@-3a°8H GHILQHG WHH-BHWERRME IROORZV
°EtR UB-a4°PE << DU-RTEDR[ER°E"
k' YOY

AiAe°UA°“18°PE << DU-RtEDR[ER°E"
k YTY

$QG\RXPD\ZRQGHU LILW ZDV ZRUWKWR FUHDWHD QHZ PHWKRG LQ WKH
VXEFODVV UHGHILQHV LW

&UHDWLQJ KRRNVLVDOZD\VJRRG

JLUVW FUHDWLQJD KRRNLVDOVRDJRRGLGHD %HFDXVH\RXUDUHO\ NC
WHQGHGLQ WKHIXWXUH 2Q WKLVOLWWOHH[DPSOH ZHVXJJHVWI\RX W|
WKLY FDQ EHGRQHZLWKRQHFODVVDQGWZRPHWKRGY SHUQHZRSHUD!

$YRLG QRW GRFXPHQWLQJKRRNYV

6HFRQG ZH FRXOG KDYH MXViWeH Eb@ RECRMHDFKWKXRERBEODVV DQG QR PHWK
LQWKHVXSHUBODY¥MaDAN ZRXOG KDYH ZRWNHG HHFDEXE¥H QR W

PHDQW WRKDYH GLUHFW LQVWDQFHV UKIiEYHER YYD KHWYWH EHNQ@RWR R M/
RILWVLQVWDQFHDQG FDXVH DEHURIRE HEERXRKQ@Q®KR PHWKRG

7TKHFRGHZRXOGKDYHORRNHG OLNHWKHIROORZLQJ

™MmeaepE << DURTEDR[ERE"
kY OY



$ OLWWOH H[SUHVVLRQ LQWHUSUHW

JLIXUH ,” YHWWHU GHVLJQ 'HFODULQJDQDEVWUDFW PHWKRG DV D ZD\WR GRFXPHQ

ATA&°UA°“te°PE << PU+RtéPR[ER°E"
k YTY
1RZVXFKGHVLIQLVQRWUHDOO\JRRGEHFDXVHDV D SRWHQWLDO H[WH
KDYHWRJXHVV UHDGLQJWKHVXEFODVY GHILQLW bRV 80K DEW WKH\ VKR
$ PXFKEHWWHU VROXWLRQLQ WKDW FDVHLVWRGHILQH ZKDW ZH FDQ D(
DVIROORZV
CEtR UR+3d4°PE << DU-RtEDB[ER°E"
k a-Ag ai'*Ataaw.aUDEa°'°A°e

8VLQJWKH BHWAY®iMH-aUPE&° " AHBFODUHYV WKDW D PHWKRG LVDEVWUDFW D
FODVVHV VKRXOG UHGHILQH LW H[SOLFLWO\ 8VLQJVXFKDQDSSURDFK.

LQ)LIXUH
,QWKHVROXWLRQ SUHVHQWHG EHIRUH VHFWLRQ ZHGHFLGHG WR J
ZDVWR XVHRQHRIWKH GHIDXOW YDOXH - - DVDGHIDXOW GHILQLWLR(

UR-aa°PpEW ZDV QRWDJRRG VROXWLRQDQG ZHGLGLWRQ SXUSRVHWR EH
ZDVQRWDJRRG VROXWLRQVLQFHLWZDV XVLQJD VSHFLILFVXEFODVV
IRUD KRRNLQ WKHVXSHUFODVV ZKHQ WKLV GHIDXOW YDOXHPDNHYV VHQ

I1RWHWKDW ZH FRX®O@ D EPMRDCGHDEYMW UD FWRHWHWER LQGLFDWH FOHDUO\
WKDW HDFK VXEFODVMYVKRXOG GHILQH DQ

w 2 BODULDEOHV

8S XQWLO QRZRXUPDWKHPDWLFDO H[SUHVVLRQV DUHUDWKHU OLPLWH
EDVHG H[SUHVVLRQV :KDW ZH ZRXOG OLNHLVWREHDEOHWRPDQLSXO]
WHVW WR VKRZ ZKDW ZH PHDQ ZH G H) QGHMKHDUAHD EDQ QDMWHG VSHFLI\ W
VKRXOG WDNHD JLYHQ YDOXH

/HW XV FUHDWH D QHZ WiRkV WAF ©-ERQ/GQ®HPIHG H B 14 a4 VAV -WH VW
qtR°t’'Aecacdé << é«zéqtAi-HE§
d+A8§ Tda.RBe0 i1 qtR°T'Ae EeQl °™O @ i «GtAitéerce-0 €@ p< +€é 1ta °“6°DETR i +bPiTAG0 «€U

6RPH WHFKQLFDO SRLQWYV

/HW XV H[SODLQ D ELW ZKDW ZH DU H G RLQ €2 LV K W40H H § R XDICR Q
EHDEOHWRVSHFLI\WKDWDJLYHQ YDULDEOH QDPHLV DVVRFLDWHG ZL\



., 2% 9DULDEOHYV

GLFWLRQDU\ DGLFWLRQDU\LV D GDWD VWUXFWXUHIRUVWRULQJNH\V
LVWKHYDULDEOHDQG WKHYDOXHLWVDVVRFLDWHG YDOXH /HW XV SUL

'LFWLRQDULHV

$GLFWLRQDU\N\LY D GDWD VWUXFWXUH FRQWDLQLQJSDLUV NH\A\YDOXH
NH\ WFDQ XVHDQ\REMHFWDV NH\DQGDQ\REMHFWDAMYBAGXHV +HUH Z
VIPEROV DUH XQLTXH ZLWKLQ WKHV\WVWHPDQGDV VXFKZHDUHVXUH WK
LQIJWKHVDPHEXWKDYLQJGLITHUHQW YDOXHV

[A ™ A

™ 08 °“8°PEtTR E-i
ted @ Uied ffbp
ted0 @ Uied ...,b
tée0 @ Uied % U

™ 180

<<< ..,

7KH SUHYLRXV GLFWLRQDU\FDQEHHDVLOB[PYHYWHEB PRUH BERPSDFWO
@ p< %6 tad °“e°PETR

6@ Pp< ff U @B p< ... U B p< % é ta °“6°PDEtR 1ted @
<< L,

"\QDPLF $UUD\V

7TKHH[SURWFURMMOWHY DG\QDPLFDUUD\ '\QDPLFDUUD\VH[HFXWHYV WKHI
WKHUHVXOWLQJYDOXHV

¢, O fUTp, U $p, é
<<< 88¢@i.. , ..i88

3DLUV
7TKHH[SUWVYKRQUHDWHY D SDLU ZLWK D NH\DQG D YDOXH

A U A

U 08 @ p< €U0
U ¢

<<< @

U atAie

<<< of

%DFNWR YDULDEOH H[SUHVVLRQV

,JJZHJIJRDVWHS IXUWKHU ZHZDQWWREHDEOHWREXLOGPRUHFRPSOH]
KDYLQJFRQVWDQWV ZHFDQ PDQLSXODWHYDULDEOHYV 7KLV ZD\ZH ZLO
EHKDYLRUVXFKDVH[SUHVVLRQ GHULYDWLRQV
[ UB.3a°PE ai'*Ataad @ qtR°t’As

"EHETE“sqtR°T ' AsBTE+&E0 Y°™Y

“AtaaqtB°t A+BtE-ad YV

Ot*¢t"+O0 Y UR-a&°DEEY
[ qtR°t'Ae << °™QO [ E'DA

cm 8 t[ E'PA
[ qtR°t'As << UR°EBHEO t[éR-tE

t[eB+1E E+ Tie AAO °™ t&[eR°E"



$ OLWWOH H[SUHVVLRQ LQWHUSUHW

:KDWZH VHHLV WKDWZH QHHGWREHDEOHWRSDVVELQGLQJYVY DELQGL
XDWLQJD YDULDEOH 7KHYDOXHRIDYDULDEOHLVWKHYDOXHRIWKHE
YDULDEOH

TRt As << +GtAitéerce-O t "E™°E" °“6°DETR

K T "E™°E" °“6°DETR ted °m

<RXUWHVWV VKRXOGDOO SDVVDW WKLV SRLQW
JRUPRUHFRPSOH[H[SUHVVLRQV WKHRQHV WKDWLQWHUHVW XV KHUH
{ qtR°t Acasdé << é+4éqtAi-H§ ,EB+"te°DE

deA§ Td8<B80 11 qtR°T'Ae Eell °™O @ i Ee"fTE&e™
cUtAitéerce-0 e p< «€é ta °"6°PEtR i pPitAd0 pe€

:KDWWKHVHFRQG WHVW VKRZV LV WKDW ZHFDQKDYHDQH[SUHVVLRQD
WKHYDOXHRIWKHH[SUHVVLRQ ZLOO GLIIHU

[ qtR°t'Acasde << é.aé atAiteswUAiax

A .U. .U’ tT™MT™M A

«Ues 08 qtR°t'Ae Eell °™O @ U

+U, 08 qtR°t’As E«00 °™O @ U

tmm™ 58 ™megepE A«§g0 +Us RB°"-80 «U,U

8O it™™ JqtAitéere-0 & @ p< +€ U G p< , & td °“6°DETR | «pPitA&0O «,0
8O It™™ «gtAiteerce-0 e @ p< € U @ p< e+, é 14 °“6°DETR | bitAZO ,

I1RQZRUNLQJDSSURDFKHV
$QRQZRUNLQIJVROXWLRQ ZRXOG EHWR D&GaWHKEH IROORZLQJPHWKRG W
WUB-Aéé°DEA<< sUtAitéercé-0 t °“é°PETR
k 4<A8 «GTAités
+RZHYHU LW GRHV QRW ZRUNIRUDW OHDVW WKHIROORZLQJUHDVRQV
F WGRHV QRW XVH LWV DUJXPHQW ,WRQO\ZRUNVIRUWUHHY FRPSRYV

$:KHQ ZH VHQG D-BHAM VD FHWR DQ DGGLWLRQ WKLV PHVVDJHLV WKHQ
«GtAitePHVVDJH VHQW WR LWV VXEH[SUHVVLRQ DQ-@MNXFK VXEH[SUHV
teerce-®HVVDJIH &X A D@

$OWHUQDWLYHO\ZH FRXOGDGGWKHELQGLQJ WRMVAKIAPMHDWULDEOH LWVH
VDIJHDVIROORZV

[i qtR°t'As EeQl °™O @ i ""E™M°E"30 ¢ @ p< € U @ p<, & T4 °“€°PETR

%XWLWIXOO\GHIHDWY WKH SXUSRVHRIZKDW D YDULDEOH LY :HVKRXO
YDULDEOHHPEHGGHGLQVLGHD FRPSOH[H[SUHVVLRQ

7TKHVROXWLRQ DGGLQJHYDOXDWH:LWK

‘HVKRXOG WUDQVIRUP DOO WKH LPSOHP H QW DiWayYRN DI@Gk PHVVDJH VHQ
r°e-06LQFH WKLV LVD WHGLRXV WDVN ZH Z$ G0 XV b DAPKRIWHHIV K RIDBHIDF W |
WRULQJDSSOLHVLWVHOIRQWKHFRPSOHWH V\VWHP ZHVKRXOGEHDE
LPSOHPHQW PHW-KRIG¥eR QBHG GR QRW ZDQW WR LPSDFW WKHP

6RKHUHDUHWKHVWHSY WKDW ZH VKRXOGIROORZ
f6HOHFW WKH ([SUHVVLRQ SDFNDJH
$1&KRRVH %URZVH6FRSHG LWEULQJVDEURZVHU ZLWK RQO\\RXU SDF
f8VLQJ WKLV EURZVHU VHOHFWD PHWKRGHYDOXDWH

. %o f



.~ .S &RQFOXVLRQ

F6HOHFMWW R B U VMHHDVHNWR U@ 37 WS 8-V PHWKRG VHOHFWRU DQG SURF
ZKHQ SURPSWHG IRU D“G +thiBtR0O B ¥ PIOVXBIDVW H[SUHVVLRQ LV QHHGHG
WKHHQJLQH ZLOO UHZU LW Ali De® QMR HE PHABYVD IHY DETR E-«d

F7KHV\VWHP LV SHUIRUPLQJPDQ\FKDQJHV &KHFN WKDW WKH\RQO\V
WKHP DOO

$ WHVWOLNHWKHIROORZLQJRQH

PEaétEe << é«aé GtAiteé.
4.A§ taa-Re0 i DE&&étEe “PE&détEeé..i «atAité. «pitAad ..

LVWUDQVIRUPHG DV IROORZYV
PDE&détEe << é+aé GtAiteés
d4.A§ t44-Re0 i1 DE&étEé& “PE&&tEe..i «GtAitéerce-0 °“6°PEtR E+0i «bPitAald ..

<RXUWHVWV VKRXOG QHDUO\DOO SDVV H[FHSW WKHRQHV RQ YDULDEO
WRULQJWUDQVIRUP MG RiH 3R/GUHA VI QGVO °“6°PETR DIRG WKLV HYHQ

LQ PHWHKRG Ye-

™TMeaoHE << o(JtAitéer°é-0 tEH Yo e

k iB°"-& sGtAitéerce-O0 °“6°DETR E+0i O iA«§é& «GTAitéer°e-0 °“&°PETR E-ai

7KLV PHWKRG VKRXOG EHWUDQVIRUPHGDVIROORZV :HVKRXOG SDVV W
sutAitéere-OHFXUVLYHFDOOV

™MWMegePE << «(tAitéer°é-0 tTEH Yie"&

k iIR°"-& «GTAitéer°e-O0 tEH Y%e“&i O 1A*88& sGtAitéer°e-O tEH Ye“&i

'RWKHVDPHIRUWKHPXOWLSOLFDWLRQV

Be tE8°DE << «(GtAitéercée-O tEH Ye“e
k ie UR*84°DE sGTAitEer°e-O TEH Ve & Ee " Téoe™

.~ . S&RQFOXVLRQ

7KLVOLWWOHH[HUFLVH ZDVIXOORIOHDUQLQJ SRWHQWLDO +HUHLVD
DQG ZH KRSH\RX XQGHUVWRRG

t$ PHVVDIJH VSHFLILHVDQLQWHQW ZKLOHD PHWKRG LV D QDPHG OLVV
PHVVDJHDQGD OLVWRIPHWKRGY ZLWK WKH VDPH QDPH

f6HQGLQJD PHVVDJHLVILQGLQIJWKHPHWKRG FRUUHVSRQGLQJWR W
WLRQLVEDVHGRQ WKHFODVVRIWKHREMHFWUHFHLYLQJWKHPHVYV
VWDUWLQ WKHFODVVRIWKHUHFHLYHUDQGJR XSWKHLQKHULWDQ

¥ 7HVWV DUHD UHDOO\QLFH ZD\WR VSHFLI\ZKDW ZH ZDQW WR DFKLHY
FKDQJHWKDWZHGLG QRWEUHDN VRPHWKLQJ 7HVWV GRQRW SUHY}
FRQILGHQFHLQ WKHFKDQJHVZHGRE\LGHQWLINLQJIDVWHUURUV

f5HIDFWRULQJVDUHPRUHWKDQ VLPSOHFRGHWUDQVIRUPDWLRQV ¢
WKHLUDSSOLFDWLRQ GRHV QRW FKDQJH WKHEHKDYLRURISURJUDP
HUIXORSHUDWLRQV WKDW UHDOO\KHOS GRLQJFRPSOH[RSHUDWLR

f:HVDZWKDWWKHLQWURGXFWLRQRIDQHZVXSHUFODVVDQGPRYLQ
WRDVXSHUFODVV GRHV QRW FKDQJH WKH VWUXFWXUH RUEHKDYLRL
IRUWKHVWDWH WKHVWUXFWXUHRIDQLQVWDQFHLV EDVHG RQ VW
SHUFODVVHYV WKHORRNXS VWDUWYV LQ WKHFODVV RIWKHUHFHLY

t¥(DFKWLPHZHVHQGD PHVVDJH ZHFUHDWHD SRWHQWLDO SODFH D |
FRGHGHILQLWLRQ XVHG LQ SODFHRIWKHVXSHUFODVV:-VRQH

w %0,
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ILWWOH SURMHFWYV
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$ VLPSOH QHWZRUN VLP>

, QWKLY FKDSWHU ZHGHYHORSD VLPXODWRUIRUD FRPSXWHU QHWZRU
SURJUDP VWDUWYV ZLWK D VLPSOLVWLFPRGHORIDFRPSXWHU QHWZRUN
IHUHQW SDUWV RIDORFDO QHWZRUN VXFKDV SDFNHWV QRGHV ZRUNV\

$WILUVW ZHZLOO MXVW VLPXODWHWKHGLITHUHQW VWHSY RI SDFENHW (
,QDVHFRQG VWHS ZHZLOO H[WHQG WKHEDVLFIXQFWLRQDOLWLHYV E\ D(
GLITHUHQW SDFNHW URXWLQJVWUDWHJLHY 'RLQJVR ZHZLOOUHYLVLYV
DVSRO\PRUSKLVP HQFDSVXODWLRQ KRRNVDQGWHPSODWHY )LQDOO
FRPHDQH[SHULPHQW SODWIRUP WR H[SORUHDQG XQGHUVWDQG GLVWLU
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VKRXOG ORRNOLNH ZH MXVW SDVVDUELWUDU\REMHFWV DV SDUDPHWH
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L% T /LQNVDUHRQH ZD\FRQQHFWLRQV EHWZHHQ QRGHYV
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7KHFRQVWUXFWRU UHOLHVRQDQLQVWDQFH VLGH LQLWMDOL]DWLRQ P
™mR.aAFFHVVRU ZRUNV GHILQH WKHP
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$ VLPSOH QHWZRUN VLPXODWRU
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‘HFUHDWHDQG VHWXSWZR QRGHYV DOLQNEHWZHHQ WKHP DQG D SDFN
HWV JHW GHOLYHUHG LQ ZKLFKRUGHU ZHVSHFLI\WKDW LW KDSSHQV LC
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EHSDVVHG WR WKHOLQNIRUWUDQVPLVVLRQ EXW QRW FRPSOHWHO

Ff7TKHQ ZHWHOO WKHOLQN WR DFW X D&RO k S5 ¥IDQ/GKWM KSSOFW K W B DRNHIWX
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% -~ 6HQGLQJD SDFNHW

,% B6HQGLQJD SDFENHW

7TRVHQG D SDFNHW WKHQRGHHPLWYV LWRQWKHOLQN
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HPLWWLQJD SDFNHWUHDOO\ MXVW VWRUHV LWLQWKHOLQN XQWLO WK
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$ VLPSOH QHWZRUN VLPXODWRU
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6QDNHV DQG ODGG

6QDNHVDQG/DGGHUVLVDVLPSOHJDPHVXLWDEOH KRWW HBGEKLQJ FKLO
ZLNLSHGLD RUJ ZLNL 6QDNHKWBIDW GXEDG GRRUBDW G XOWY EHFDXVH WKHUH LV DEV
LOQYROYHG EXW WKLV PDNHVLWHDV\WRLPSOHPHQW ,Q WKLV FKDSWH 1L
GHUVDQG ZH XVHLWDVD SUHWH[WWRH[SORUHGHVLIJQ TXHVWLRQV

.S *DPHUXOHYV

6QDNHV DQG /DGGHUV RULJLQDWHG LQ ,QGLD DV SDUWRIDIDPLO\RIGLE
LQ (QJODQG DV u6QDNHV DQG /DGGHUVH VHH)LIXUH WKHQ WKH EDV
8QLWHG 6WIDXWHN\DIYQ G HVGIGNUWEULHI GHVFULSWLRQ RI WKH UXOHYV

$f3SOD\HOUMODNHV DQG /DGGHUV LY SOD\HGE\WZR WRIRXU SOD\HUV HDF
WR PRYHDURXQG WKHERDUG

$ORYLQJ 30D\HWD\HU UROOV D GLH WKHQ PRYHV WKH GHVLJQDWHG QX
RQHDQG VL[ 2QFHKHODQGVRQD WLOH VKH KHKDVWR SHUIRUP DQ
6LQFH WKH UXOHV DUH IX]]\ZH GHFLGHG WKDW ZHFDQ KDYH PXOWLS

¥/ DGGHUWKH WLOHD SOD\HUODQGV RQLVDWWKHERWWRPRIDODGG
ODGGHU ZKLFKEULQJV KLPWRDWLOHKLIJKHURQWKHERDUG

t6QDNHWKH WLOHD SOD\HUODQGVRQLVDKHDGVQDNH VKH KHPXV!
LQIJIRQDWLOHFORVHUWRWKHEHIJLQQLQJ

JLIXUH ,$QDNHVDQG /DGGHUV RQH SRVVLEOHERDUG JDPH ZLWKWZR ODGGHUV DQC



6QDNHV DQG ODGGHUYV

F'LOQL®XH ZLQQHU LV WKH SOD\HU ZKRJHWV WR WKH ODVW WLOH ILU
IURPDUROO RUE\UHDFKLQJLW ZLWKDODGGHU :HGHFLGHG WKDW
LI KHGRHVQRWODQG GLUHFWO\RQWKHODVW WLOH LWGRHV QRW F

,S .*DPH SRVVLEOH UXQ

7TKHFRGHVQLSSHWEHORZLVDSRVVLEOH ZD\WR SURJUDP WKLV JDPH
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RQHVQDNH :HDGGWZR SOD\HUVDQG WKHQ VWDUW WKH JDPH
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6LQFHZH ZDQW WR IRFXVRQ WKHJDPHORJLF \RXZLOOGHYHORSD WHJV
DQ\OHQIJWK\XVHULQWHUIDFHGHVFULSWLRQV

7KHIROORZLQJLVDQH[DPSOHJDPHH[HFXWLRQ 7ZR SOD\HUVDUHRQ W
WZR ODGGHUV > ! @DQG> ! @ DQGRQHVQDNH > @

-LOOUROOVD GLHDQGWKURZVD DQGPRYHVWRWKHFRUUHVSRQGLQJ
DQGPRYHVWRWKHFRUUHVSRQGLQJWLOHDQGIROORZLWVHIIHFW FOlI
-DFNDQG -LOO FRQWLQXHWRDOWHUQDWH WDNLQJWXUQV XQWLO -LOO
8+CT7°AA<CT1 <88 ,p<TEEfEe,868.. BCTEEIP<%0BE EE%EEEEE.. Cheobbe, 8

C7°AA<é-RP0a fO é+C7t“¢<éé,p<tééfee, C7°AA<éé. . 6et661P<%EE EE%BEEBE.. Cheebée, é
C7t“¢<é-RD0&A 10O é<éé p<tééfee,C7°AA<ée.. 68T6ETP<%EE 6% CTT “,<B@e€EBE..Choeetée,é
C7°AA<é-RP0& .0 é+88&,p<tééfee, 6e. . 681EEIP<%EE EE%CTT“;(<CT7°AA<EE.EEE..Cphecéé., &
C71"¢<é-BP0Aa «O ée6é,p<téefee, 8. E6T661P<% 88 E8%CT°AA<BEECTT (<E&..Cheséés,é
C7°AA<eé-RP0a fO é-.é6 p<tééefee,te. . eet66tip<%Ee E8%EEECTT " <8&..Chertees C7°AA<e

,S T3BRWHQWLDO REMHFWV DQG UHVSRQVLELOLWLHV

7DNHD SLHFHRISDSHU VWXG\WKHJDPHUXOHVDQG OLVWDQ\SRWHQW
LVDQLPSRUWDQW H[HUFLVHWR SUDFWLFH WUDLQLQJ\RXUVHOIWR GL

THFEFKQLTXHSNXEFRQ@PVLELOLWILVMYWR KFKMAOSQURJUDPPHUV GXULQJ WKLYV
REMHFW GLVFRYHU\ 5HVSRQVLELOLW\'ULYHQ 'HVLJQ VXJIJHVWV DQDO\
SURMHFW DQGWXUQLQIJWKHVXEMHFWY RIVHQWHQFHVLQWRFDQGLGL
KDYLRURIWKHVHREMHFWY $Q\V\QRQ\PVDUHLGHQWLIHGDQG XVHG W/
LODUREMHFWYVY RUEHKDYLRU 7KHQ ODWHU REMHFWYV DUHJURXSHG LQW
ORRNIRUUHODWLRQVKLS SDWWHUQVEHWZHHQ REMHFWY VXFK DV SDU\
FRXOGEHWKHWRSLFRIDIXOO ERRN

+HUHZHIROORZDQRWKHU SDWK VNHWFKLQJVFHQDULRY :HGHVFULEH
VFHQDULR ZHLGHQWLI\NH\SOD\LQJREMHFWYV

f6FHQDULR 7KHJDPHLV FUHDWHG ZLWKD QXPEHURIWLOHV 7KHJD
WLOHYV /DGGHUVDQGVQDNHVY VKRXOGEHGHFODUHG

f6FHQDULR 3O0OD\HUVDUHGHFODUHG 7KH\VWDUWRQWKHILUVW WL
Ff6FHQDULR KHQ SOD\HUUROOVDGLH KHVKRXOGPRYHWKHQXPEH

wef



.3t 3RWHQWLDO REMHFWV DQG UHVSRQVLELOLWLHV

f6FHQDULR $IWHUPRYLQJWKHILUVW SOD\HUDJLYHQ QXPEHURI WL
UROO WKLVLVWKHWXUQRIWKHVHFRQG SOD\HU

Ff6FHQDULR KHQ D SOD\HUDUULYHVWRDODGGHU VWDUW LW VKRX
Ff6FHQDULR KHQ D SOD\HUVKRXOG PRYHIXUWKHU WKDQ WKHHQG W
f6FHQDULR 'KHQ D SOD\HUHQGV LWV FRXUVHRQWKHHQG WLOH KH
6XFKVFHQDULRVDUHLQWHUHVWLQJEHFDXVHWKH\DUHDJRRG EDVLV I

S3RVVLEOH FODVV FDQGLGDWHYV

"KHQUHDGLQIJWKHUXOHVDQG WKHVFHQDULR KHUHLVDOLVWRISRVYV
UHILQHLW ODWHUDQG UHPRYHGRXEOHRURYHUODSSLQJFRQFHSWYV

t*DPH NHHSVWUDFNRIWKHJDPHVWDWH WKH SOD\HUV DQG ZKRVH
t%RDUG NHHSV WKH WLOHFRQILIXUDWLRQ

$f30D\HU NHHSVWUDFNRIORFDWLRQRQWKHERDUGDQGPRYLQJRYF
¥7LOH NHHSV WUDFNRIDQ\SOD\HURQLW

t6QDNH LVDVSHFLDO WLOH ZKLFKVHQGYV D SOD\HUEDFNWRDQHDUC
$¥/DGGHU LVDVSHFLDOWLOHZKLFKVHQGVY D SOD\HUDKHDG WR D ODV
F)LUVW7LOH KROGV PXOWLSOHSOD\HUVDW WKHEHJLQQLQJRIWKH.
¥/DVW7LOH SOD\HUVPXVWODQGH[DFWO\RQ WKLVWLOH RUHOVHW
f'LH UROOVDQGLQGLFDWHV WKHQXPEHURIWLOHY WKDW D SOD\HU I

WLVQRWFOHDULIDOOWKHREMHFWY ZHLGHQWLI\E\ORRNLQJDW WKH
DOO\WXUQHGLQWR UHDO REMHFWV $OVR VRPHWLPHV LWLV XVHIXO WR
DQG VWDWHYDULDWLRQV :HVKRXOGORRNWRKDYHDQH[DFWPDSSLQJ
SUREOHP VFHQDULR RUGHVFULSWLRQDQG WKHLPSOHPHQWDWLRQ

JURPDQDO\WLQJWKLVOLVWZHFDQGUDZVRPHREVHUYDWLRQV
t1*DPHDQG %RDUG DUH SUREDEO\WKH VDPHFRQFHSWDQG ZHFDQ PHL

f'LHPD\EHRYHUNLOO +DYLQJDIXOOREMHFW MXVW WR SURGXFHDU
HVSHFLDOO\VLQFHZHGR QRWKDYHDVXSHUIDQF\XVHULQWHUIDFH
RWKHUHIIHFW

$7LOH 6QDNH /DGGHU /DVWDQG)LUVW7LOHDOO ORRNOLNHWLOHYV
WLRQV HVXVSHFW WKDW ZHFDQ UHXVHVRPHORJLFE\FUHDWLQJD
WKHFRQFHSWRI7LOH

$ERXWUHSUHVHQWDWLRQ

‘HFDQLPSOHPHQW WKHVDPH V\VWHP XVLQJGLIITHUHQW LPSOHPHQWDW
KDYHRQO\RQHFODVVLPSOHPHQWLQJDOO WKHJDPHORJLFDQGLW ZRX
JXHWKDW WKLV LVQRWDEDGVROXWLRQ

2EMHFW RULHQWHG GHVLJQIDYRUV WKHGLVWULEXWLRQ RI WKHVWDW
RIWHQ EHWWHU WRKDYHREMHFWV ZLWKFOHDUUHVSRQVLELOLWLHYV :lI
\RXZLOOKDYHWRUHWKLQN PRGLIV\RUH[WHQG\RXUV\WWHP :HVKRXOC
WHQG HDVLO\D VIVWHP WREHDEOHWRUHSO\WRQHZUHTXLUHPHQWYV

IRWKDYLQJDQLFHREMHFW RULHQWHG GHFRPSRVLWLRQIRUDVLPSOH
DV\RXZLOO VWDUW WR PRGHO D PRUHFRPSOH[V\VWHP QRW KDYLQJ D JF
5HDO OLIHDSSOLFDWLRQV RIWHQ KDYHD OLIHWLPH XSWR \HDUV



6QDNHV DQG ODGGHUYV

,QDGGLWLRQ LPDJLQHWKDWZHDUHDJDPHGHVLIQHUDQG ZHZDQW WHF
DWLRQVDQG WLOHV ZLWK QHZ SURSHUWLHV VXFKDVRQHVXSHUVSHFLLEL
VQDNHV EHIRUHWKHFXUUHQW SOD\HUWR VORZRWKHU SDUWLFLSDQW\

,S f$ERXW REMHFW RULHQWHG GHVLJQ

'KHQ GHVLJQLQJD VI\VWHP \RXZLOO RIWHQKDYHTXHVWLRQV WKDW FDC(
DQVZHUHG 2IWHQ WKHUHLVQRGHILQLWHDQVZHU 7KLV LV ZKDWLYV GL
DQG WKLV LV ZK\SUDFWLFLQJLVLPSRUWDQW

:KDWFRPSRVHVY WKHVWDWHRIDQREMHFW" 7KH VWDWHRIREMHFW VKR
OLIHWLPH )RUH[DPSOHWKHQDPHRISOD\HULGHQWLILHY WKH SOD\HU

1RZLWPD\KDSSHQ WKDW VRPHREMHFWY MXVWEHFDXVH WKH\DUHLQV\
QHHG WKHVDPHVWDWHEXWVWLOO RITHUWKHVDPHVHWRIPHVVDJHV )
GHU VQDNHWLOHVY KDYHSUREDEO\D VLPLODU $3, EXWVQDNHDQG ODGUC
WDUJHW WLOH

"HFDQDOVRGLVWLQIJXLVKEHWZHHQ WKHLQWULQVLFVWDWHRIDQREM
ZHXVHWRUHSUHVHQW WKHFROODERUDWRUV RIDQREMHFW

7TKHRWKHULPSRUWDQWDQG GLIILFXOW TXHVWLRQLVDERXWWKHUHOL
DPSOHLPDJLQHWKDW ZHPRGHO D WLOHDVDQREMHFW VKRXOG WKLV R
6LPLODUO\ VKRXOGDWLOHNQRZVLWY SRVLWLRQ RUMXVW WKHJDPH YV

6KRXOG WKHJDPHREMHFW NHHS WKH SRVLWLRQ RIWKH SOD\HUV RU MX)
WKH SOD\HUV OLVW VLQFH LW VKRXOG FRPSXWH ZKR LV WKHQH[W SOD\H

&5& FDUGYV

6RPHGHVLIJQHUV XVH &5& IRU &ODVV5HVSRQVLELOLW\&ROODERUDWR'
FODVVZHLGHQWLILHGDERYH )RUHDFKRIWKHP WKH\ZULWHRQDOLW
VLELOLW\LQRQHRUWZRVHQWHQFHVDQG OLVWLWY FROODERUDWRUYV
DQGVHHKRZWKHREMHFWY FDQ SOD\VXFKDVFHQDULR 'RLQJVR WKH\ L
LQIRUPDWLRQ FROODERUDWRUV WRDFODVVRUPHUJLQJWZRFODVVH
ZKHQ WKH\ILOO WKDW D FODVV KDVWRRPDQ\UHVSRQVLELOLWLHV

7TRLPSURYHVXFKSURFHVYVY VRPHGHVLIQHUV FRQVLGHULPSOHPHQWDYV
PD\FUHDWHREMHFWY WRUHSUHVHQW VXFK YDULDWLRQV

6RPH KHXULVWLFV
7TRKHOS XVWDNLQJGHFLVLRQ WKDWDUHVRPHKHXULVWLFV

F2QHREMHFW VKRXOGKDYHRQHPDLQ UHVSRQVLELOLW\

fORYHEHKDYLRUFORVHWRGDWD ,IDFODVVGHILQHVY WKHEHKDYLRL
FKDQFHWKDWRWKHUFOLHQWY RI WKLVREMHFWDUHGRLQJWKH VD!
SOH[ORJLF ,IDQREMHFWGHILQHVY D FOHDUEHKDYLRU FOLHQWYV M>

$t3UHIHUGRPDLQ REMHFWRYHU OLWHUDO REMHFWYV $VDJHQHUDO S
WRDPRUHJIJHQHUDO REMHFWYVY WKDQD VLPSOHQXPEHU %HFDXVH ZF
EHKDYLRU

.LQG RIGDWD SDVVHG DURXQG

(YHQLILQ3KDUR HYHU\WKLQJLVDQREMHFW VWRULQJD PHUH LQWHJH
WR GLITHUHQW VROXWLRQV 7KHUHLV QR SHUIHFW VROXWLRQPDLQO\F
OHDUQ KRZWRDVVHVVDVLWXDWLRQ WRVHHZKLFKRQHKDV EHWWHU F|



.3 " /HW XV IJHW VWDUWHG

+HUHLVD TXHVWLRQLOOXVWUDWLQJWKHSUREOHP 6KRXOGDODGGHU
RULVWKHLQGH[RIDWLOHHQRXJK"

"KHQ GHVLIQLQIJWKHODGGHUWLOHEHKDYLRU ZHVKRXOG XQGHUVWDC
ZKHUH WKH SOD\HU VKRXOGEHPRYHGWR ,IZHMXVWJLYHWKHLQGH[RI
WREHDEOHWRDFFHVV WKHERDUG FRQWDLQLQJWKHWLOHVHOVHLW Z
WLOHRIWKHODGGHU 7KHDOWHUQDWLYH L H SDVVLQJWKHWLOHOR
UHODWLRQDQG WKHUHLVQRQHHG WR DVNWKHERDUG

$IJLOLW\WRDGDSW

,QDGGLWLRQLWLVLPSRUWDQW QRW WR JHW VWUHVVHG ZULWLQJWHYV
ZDQW WR LPSOHPHQW LVDJRRG ZD\WR PDNH VXUH WKDW ZHFDQ DGDSW
DSRLQW

1RZWKLVIDPHLVLQWHUHVWLQJDOVRIURPD WHVW SRLQW RIYLHZEHF
SDUWVLQLVRODWLRQ L H ZLWKRXWUHTXLULQJWRKDYHDJDPHREMF

/IHW XV JHW VWDUWHG

<RXZLOOIROORZDQLWHUDWLYH SURFHVVDQG WHVWILUVWDSSURDFK
WHVWDQG GHILQHWKH FRUUHVSRQGLQJFODVVHYV

7KLV JDPHLPSOHPHQWDWLRQ UDLVHVDQLQWHUHVWLQJT TXHVWLRQ ZKL
ZLWKRXW KDUGFRGLQJWRRPXFKLPSOHPHQWDWLRQ GHWDLOV LQ WKH"
YDOLGDWHVFHQDULRRQO\LQYROYLQJSXEOLFPHVVDJHVDQGKLJK OH
VWDEOHRYHU WLPHDQG GRQRW UHTXLUHPRGLILFDWLRQV ,QGHHG LI Z
REMHFWV\RX ZLOO KDYHWR FKDQJH WKH LPSOHPHQWDWLRQDV ZHOO D
PHQWDWLRQ ,QDGGLWLRQ VLQFHLQ3KDURWKHWHVWY DUHQRUPDO F
VRPHWHVWYV PD\IRUFH XVWR GHILQH H[WUD PHWKRGV WR DFFHVV WR S

%XW HQRXJK WDONLQJ /HW XV VWD UW: EAEG &k ElaQH. DLI@OMWHVAAL BODKAY Q D P H
FRXUVHRIGHYHORSPHQW LI ZHGHILQHRWKHU WHVW FODVVHV 2XU IHH
REMHFWV ZLWK OLPLWHG UHVSRQVLELOLW\DQG WKHLU UHVSRQVLELOL
ZKHQ WKH\LQWHUDFW ZLWK HDFK RWKHU LQ WKH FRQWE{W RIDJLYHQ JL
a*46GHVFULEHV WKH SODFHLQ ZKLFK UHOHYDQW VFHQDULR ZLOO RFFXU

'"HILQH WK HFE-B A&
a-aé ta. ai’"Ata80 O[;$t1E-a-4aé
"E&8TE“sqtR°T ' AsBTE+&0 YV
“AtddaqtR°t" ABtE+-a0O VY
Ut“¢t eO Y[Et¢ed E™M;T™M™MeRZY
2QHRIWKHILUVW VFHQDULRLVWKDWDJDPHLVFRPSRVHGRIDFHUWDL

"HFDQ ZULWHD WHVWDV IROORZVEXWLWGRHVQRWKDYHDORWRIYDO
PHQW WKLVLYQRUPDOWRKDYHOLPLWHG WHVWYV EHFDXVHZH GR QRW K

[;$TEcacdé << &+886 -+“(°E"[EUA$TE-
A CTEe A
"tEe O8 [;$tE+ E
4-A§s taa-Reo "t

1RZZH VKRXOG PDNH WKLV WHVW SDVV 6RPHVWURQJDGYRFDWHV RI 7"
VLPSOHVW PHWKRG WKDW ZRXOG PDNHWKHWHVW SDVVDQGJR WR WKH
RIFRXUVH WKLV PHWKRG ZLOO EHFKDQJHG ODWHU

JLUVWIRX VKRXOG GHtEQH WKH FODVYV

w<t



6QDNHV DQG ODGGHUYV

H'¥e+*é 81’“At840 O[;$1E-
CEdetE“eqtR°T'AeBtE«a0O Yé&°A.aY
“AtddaqtR°t'AsBtE+.a0O VY
Ut“et eO Y[Et¢ed E™; T™M™MeREY

1RZ\RXFDQ GHILQHANAK-BIEHRAMOQIBAYBIE'«R7KLVLVQRWUHDOO\QLFHEHFD)>
VKRXOGJHWD FROOHFWLRQRIWLOHVDQG QRZZHSXWDQXPEHU

[;$TEe << &°A*BiE'*BO tBiE’'«R

é°A.a 08 TBiE’'-R

[;$TEe << @°A«BiE’«R

k é°Aea

7TKHVH PHWKRG GHILQLWLRQVDUHHQRXJKWRPDNHRXUWHVWSDVV W
JRRGEHFDXVHWLOHV VKRXOG KROGDFROOHFWLRQ FRQWDLQLQJ WKH \
GUHVV WKLV SRLQW ODWHU

.S %% 4UVW UHDO WHVW

6LQFHZH ZRXOGOLNHWREHDEOHWRFKHFNWKDWRXUJDPHLV FRUUHF
WLRQDQG WHVWLWDVD ZD\WRFKHFNWKHJDPHVWDWH 7KHIROORZLQ

[[;$TEeacde << 6+36TR°EE°E["EUA$TE.

A TE' N
“tEe O8 [;$1E+ Eell €°A+BiE'+RO +,U
a-As
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KDWZH ZRXOG OLNHLV WKDW WKH SULQWLQJRIWKHJDPHDVNV WKH WL
ZLOOEHDEOHWRWDNHDGYDQWDJH WKDW WKHUH ZLOO EHGLIIHUHQW V
FKDQJHWKHJIDPHWRGLVSOD\WKHODGGHUDQG VQDNH MXVW KDYH GLII

7TKHILUVW VWHS LVWKHQ WRGHDVQROTRDWY QDPHG
H'%s"é 8i'*At340 O[;a°A-

CE4&6TE“sqtR°t'AsBtE«E0 YV

“AtaaqtB°t A+BtE-ad YV

Ut ¢t +0 Y[Eteea E™; ™M™oY
1RZZHZRXOGOLNHWR WHVW WKHSULQWLQJRIDVLQ,A 208 aW460H 6R OHW
7KLVWHVWFDVHZLOO WHVW VRPHEDVLFEHKDYLRUEXWLWLV QLFHWR
FHVV HDUHWU\LQJWRPLQLPLIHWKHJIJDSEHWZHHQRQHIXQFWLRQDOL
[aeae ta- ai'"Ataad @[;a°A-a-aé

CEAETE“eqtR°t'A+BtE-40 YV

“AtaaqtR°t' ABTE-30 YY

Ut ¢t +O Y[Eteed E™;t™™eRapacaeyY
1RZZHFDQ ZULWHD VLPSOHWHVW WR PDNHVXUH WKDW ZHFDQ SULQW D

[[;a°Acasd6 << @-36TR°E&°E"

7LOH SRVLWLRQ FRXOGKDYHEHHQPDQDJHG E\WKHJDPHLWVHOI %XW |
WKHJIJDPHIRUWKH SRVLWLRQRIDIJLYHQWLOHDQG ZKLOHLW ZRXOG ZR L
2ULHQWHG '"HVLJQ ZHVKRXOG GLVWULEXWHUHVSRQVLELOLWLHYVY WR RI
VSRQVLELOLW\ 6LQFHWKH SRVLWLRQLVDQDWWULEXWHRIDWLOH EH

»<F



.35 S $FFHVVLQJRQHWLOH

7KLV LV ZKHUH\RX VHH WKDW WKH IDFW WKDW WKHFRGH LV UXQQLQJLV
2ULHQWHG 'HVLJQ

,QSDUWLFXODULWPHDQV WKDW ZHVKRXOGDGGDQDFFHVVRUWR VHW!!
YDULODED e R WKH;FODMNMFXWH WKHWHVW <RXVKRXOGJHWDGHEXJJH
FUHDWH DUBHYWKHREY ZHOO DV WKHLQVWDQFH YDULDEOH

1RZZHFDQ GHIRERWEKIW KRG IRUWLOHYV DVeIIROMRWK HNWGEBMP WKHQ ZF
DVNHG WKH SRVLWLRQ WR SULQW LWVHOI LQMK&HDW G HBEDERGHQGLQJ L)
WKHVWUHDP 6LQFH WKH SRVLWLRQ LV DAl PDEHIBOM HE® U (A8 KiHE UHV X O
H[SUHVVLRQ LV MXVW WRDGGD VWULQJUHSUHVHQWLQJWKHQXPEHU LC

[;a°As << UR°EEHEO t[éR-tE

t[éR«tE CC YévYU
Ub&°ée°PDE UR°EEHEO t[éRtEU
t[8R<TE CC Y&Y

<RXUWLOHWHVWVKRXOG SDVVQRZ :KHQ ZHUGWHEG AMERIYGHIHLHYHWLRQ RI
WKDW LW DOVR VHOB KFewW K&l PH WVNRDWKH QXPEHU XVHG IRUWKH SRVLWLRQ
VHQG PHVVDJHV ZLWK WKHVDPHQDPHWRGLITHUHQW REMHFWV DQG HDI
WKHVHPHVVDJHY :HFDQDOVRVHQGDPHVVDIJHZLWKWKHVDPHQDPH W
WR SHUIRUP D UHFXUVLYHFDOO EXWDVZLWKDQ\UHFXUVLYHFDOO ZH \

‘HDUH UHDG\WRILQLVKWKHSULQWLQJRIWKH JDPHBREREWHIRO! 1RZ ZH FD(
WKHJDPHWRSULQWDOO LWV WLOHV 1RWHWKDW WKLY ZLOO QRW ZRUN

[;$1TE« << UR°EEHEO f[éR-TE

€°A.a mMpO & Ota°A. »
ta°As UR°EEGHEO t[éR-tE &

‘HPRGLI\WKH&PHWKRBWR FUHDWHDQ DUUD\RIWKHJLYHQ VLIHDQG VWR
é°A 1 QVWDQFH YDULDEOHDQGWRSXWDQHZWLOHIRUHDFK SRVLWLRQ
WKHFRUUHFW SRVLWLRQ

[;$TEe << &°A*BiE'*BO tBiE’'«R

UUU xDiR “P™e« UUU

1RZ\RXU SULQWLQJWHVWYV VKRXOGEHZRUNLQJERWKIRUWKHWLOHDC

WHVAE -+ °E"[EUA-$E®-IDLOV ,QGHHG ZH GLG QRWAKRDEQRHRWWH GHILQLW
DQGPDNHVXUH WKDW\RXUWHVWVY DOO SDVV $QG VDYH\RXU FRGH

,S S$SFFHVVLQJRQH WLOH

1RZZHZLOO QHHGWREHDEOHWRDVNWKHJDPHIRU D&YAYHQ WLOH IRU
/HW XV DGG D WHVWIRULW

[[;$tE-a-56 << &-56a°A. &
AR A
"tEe O8 [;$1E+ Eel €°A+BiE’«RO »,U
a+A§ taa-Be0 I"tEe €°Ae 80 ti UR°EE[ER°E" +PitAA0 Yeétey
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6QDNHV DQG ODGGHUYV

$GGLQJSOD\HUV

1RZZHVKRXOGDGG SOD\HUV 7KHILUVW VFHQDULRWR WHVW LV WKDW Z
VKRXOG EHRQWKHILUVW WLOH

/HW XV ZULWHD WHVW ZHFUHDWHDJDPHDQGD SOD\HU 7KHQ ZHDGG W
SOD\HU VKRXOG EH SDUW RI WKH SOD\HUV RIWKH ILUVW WLOH

[[:$tEsa-d6 << é<36TAT B é[etReE

A CTEe Y °AA A

“tEe O8 [;$1E+ Eell €°A+BiE'+RO +,U

%°AA O8 [;TAt «RB E«0l ETE-O Y7°AAYU

“tEe t™M™MTAT «RO %°AAU

4°A8 taa°BeO ii"tEe 8°Ae 60 i UAT +Ra °E“AT™«a0 Y%°AA{U

[H've“e ai"“At580 G[;TAt B

CEdE8tTE“sqtR°T'AeBtTE«aO YETE«Y
“AtaaqtRet A-BtE.a0 YV
Ut" et e0 Y[ETeea E™;T™m.gay

'"HILQH WKHEPHWKRWKH FrADYY1IRZ ZH VKRXOG WKLQN D ELW KRZ ZH VKR XC
WKH SOD\HUV :HVXVSHFW WKDW WKHJDPHLWVHOIVKRXOGJHWDOLVW
DVNHDFK SOD\HUWR SOD\LWV WXUQ 1RWLFHWKHSUHYLRXV VHQWHQF
WKHJDPHWR SOD\WKHQH[WWXUQ DJDLQ WKLVLV2EMHFW 2ULHQWHG

1RZRXUWHVWGRHV QRWUHDOO\FRYHU WKH SRLQW WKDW WKHJDPH VK
ZLOO QRWGR LW 6LPLODUONZHPD\ZRQGHULID SOD\HUVKRXOGNQRZL
QRWNQRZDQG ZH SRVWSRQH WKLV GHFLVLRQIRUDQRWKHUVFHQDULR

[;$TEe << t™M™MTAT RO tTAT R
16°Aed T80 «f tT™M™MTAT «RO tTAT B

1RZZKDW LV FOHDULVY WKDWD WLOHVKRXOGNHHED-8B@BR\WKHLVW $GG
[;a°A-FODVVDQG LQLWLDOL]JHLWWREHDQ2UGHUHG&ROOHFWLRQ
[;aoA. << oEoéoTAo.

UuU xbiR *P™. UUU

7TKHQLPSOHPHQWWKHAHWKRG

[;a°Ae << t™M™MTAT «RO TTAT <R
U0U xPiR *“BP™e. UUU

1RZDOO\RXUWHVWYVY VKRXOG SDVV

/HW XV WKHRSSRUWXQLW\WR ZULWH EHWWHU WHVWY HVKRXOG FKHFI
ERWKDUHRQ WKHVWDUWLQJWLOH

[;$1Ecac8dé << &+8&[-0-RTATAT R& &[6TRE

N CUTEe WiPAA Wty A

"tEe O8 [;$1E+ Eell €°A+BiE'+RO -, U

%°AA O8 [;TAt B E«0 ETE-O Y7°AAYU

YVat“¢ O8 [;TAT B E«0 EtE«O V71“¢YU

“tEe T™M™MTAT «RO %°AAU

“tEe T™M™MTAT RO Wt iU

GeA§ Td8<B80 11"tEe €°Ae 80 +i UAT «R& °E“Ai™.a0 %°AA{U
deA§ td4°RB80 11"tEe @°Ae 80 +i UAT «R& °E“Ai™+a0 wut“siU

$O0 WKHWHVWYV VKRXOG SDVV 7KLV LVWKHWLPHWRVYDYHDQG WDNH D

0
» < %o



.5 @ $YRLG OHDNLQJLPSOHPHQWDWLRQLQIRUPDWLRQ

JLIXUH ,S30.D\JURXQG LQ DFWLRQ 8VH'RLWDQGJR WRJIJHWDQHPEHGGHGLQVSHFW

.S ®YRLG OHDNLQJLPSOHPHQWDWLRQLQIRUPDWLRQ

‘HDUH QRW UHDOO\KDSS\ZLWK WKHesdER Xt RX ¥ 8MR¥ WV IRU H[DPSOH

[[;$tEea-dé << é+a6TAT R &[etRé

A UTEe Y °AA A

“tEe O8 [;$1E+ E«ll 8°ABiE'*RO -, U

%°AA O8 [;TAt «B E«0l ETE-O Y7°AAYU

“tEe t™M™MTAT «RO %°AAU

d°A§ t44R80 ii"TEes &°Ae 60 i UAtT +RB& °E“Ai™«40 %u°AAiIU

,QGHHG DWHVW LVDILUVWFOLHQW RI RXUUARG®a +EHBHZHOVHHARQ WKH H
WKDW ZHKDYHWRNQRZWKDW SOD\HUVDUHKHOGLQDFROOHFWLRQDQ
SOD\HU

 WFDQEHDUHDO SUREOHPLIODWHU ZH GHFLGHWR FKDQJH KRZ ZH PDQ
FKDQJHDOO WKH SODFHV XXt QEBWMKNDHY XOW RI WKH

/HW XV DGGUHVV WKLV LVAEXA ™"GATAQWBPWMWKREUQV ZKHWKHU D WLOH K
JLYHQ SOD\HU
[;a°Ae << °E“Ai™<4TAT RO tTAT +B

UUU xDiR “D™. UUU

1RZ ZH FDQ UHZULW H \W&TH W ZRReVEHROAB\E & [+ (+RTATAT B4 e [WMR&XVH
WKLY QHZ PHVVDJH

[[;$tE-a-56 << &-36TAT B &[étRE

NCHEe YioAA A

"tEe O8 [;$1E+ E«Q &°A+BiE'+RO +,U

“eAA O8 [;TAt B E«0 ETE-O Y7°AAYU

“tEe t™M™MTAT «RO %°AAU

d°A8 Td4<RE0 i1i"TEe 6°Ae 60 i "E“Ai™«aTAT «RO wu°AA{U
[[;$tE-a-56 << &-56[-0-BTATAT R4 &[61R&

N CPEe wAA vatte A

"tEe O8 [;$TE+ E«l 8°A«BiE'«RO «,U
“%eAA O8 [;TAt «R E«0 ETE-O Y7°AAYU




6QDNHV DQG ODGGHUYV

JLIXUH ,%@VSHFWLQJWKHJDPH DJDPHLQVWDQFKHTA®S LWV LQVWDQFH YDULDEOH

Yt e, O8 [;TAt «RB E«0 EtE.O Y7t ¢YU
“tEe t™M™MTAT «RO %°AAU
“tEe T™MM™MTAT «BO YUt e U
d+A§ taaeBeO i11"tEs &°Ae &
d+A§ taa<BR&0 i11"tE. &°Ae &

oi PE"Ai™+aTAtT RO %°AAiU
of CE“Ai™«dTAT +RO Yt “¢iU

.S ,f[SERXW WRROV

3KDURLVDOLYLQJHQYLURQPHQWLQ ZKLFKZHFDQLQWHUDFW ZLWK WK
DFWLRQ QRZ

7\SHWKHIROORZLQJJDPHFUHDWLRQLQDSOD\VIURXQG DVVKRZQLQ)L

[~ "tEe YoAA Wt g A

“tEe O8 [;$TEs EeQ &°A*BiE'*RO +,U
“%eAA O8 [;TAt «R E«0l ETE.O Y7°AAYU
Yat“e O8 [;TAT «R E«0 ETE«O Y71“¢YU
“tEe t™MM™MTAT «RO w%°AAU

TPEe TMMTAT B0 %t U

TEe

1RZ\RXFDQLQVSHFWWKHJDPHHLWKHU XVLQJWKHLQ¥SHFW FRPPDQG
dU-"AWNR WKH JDPEHDAMEQ-“&RX FDQ D OVERXAWHPEHKBIZRWHP RI D SOD\JURXQG
ZLQGRZ <RXVKRXOGJHWDSLFWXUHVLPLODUWRWKHRQH

"HVHH WKDW W K Hs REMGNFWILYAH DQG LW KDV DQ L @ VAWED<RFHFDIMULDEOH QL
QDYLJDWHRQWKHLQVWDQFH YDULDEOHV DV VKRZQ LQ )LJXUH YLI X
WKHREMHFW VWUXFWXUH KHUHZHVWDUW IURP WKHJDPH JRWR WKH I
HDFKPRPHQW\RXFDQLQWHUDFW ZLWK WKH VHOHFWHG REMHFW GLW Pt



JLIXUH ,SIBPYLJDWLQJLQVLGH WKH JDPH JHWWLQJLQVLGH WKHWLOHV DQG FKHFNLGC

JLIXUH ,SIDYLJDWLQJ WKH REMHFWYV XVLQJWKH QDYLJDWLRQ IDFLOLWLHV RI WKHLQ



6QDNHV DQG ODGGHUYV

»S ,,LVSOD\LQJSOD\HUV

IDYLIDWLQIJWKHVWUXFWXUHRIWKHJIJDPHLV QLFHZKHQZHZDQW WR G}
HOWLWLHYVY 1RZZH SURSRVHWR GLVSOD\WKH SOD\HUREMHFWVY LQD QL
ZKHQ SULQWLQJWKHJDPHWRIROORZWKHPRYHPHQW RIWKH SOD\HU RC

6LOQFHZHORYHWHVWLQJ OHW XV ZULWHD WHVW GHVFULELQJZKDW ZH |
[[;$1Eeacde << 8+86TR°EEG°E"[°EUA«$TE+r°a-TAT R4

NUHEe VAR Yt A
“tEe O8 [;$TEs Eell €°A«BiE'+RO «,U
Yat“e O8 [;TAT B E«l ETE«O V7t ¢VYU
“%°AA O8 [;TAt «B E«0 EtTE-O Y7°AAYU
“tEe t™M™MTAT «RO %°AAU Ug°R&& UAT «RU
“tEe t™MM™MTAT «BO YUt e U
d+A8
taa+R60 "tE« UR°E@[éR°E"
*PitTAAa0 Y&*C7°AA<C7t ¢ <éé,66fEé,66.. 866168160 60 %EEEEBecBRBY

7TRPDNH WKLYV WHVW SDVUY¥RARHRDVIW 1G-H ILCDNHHDV X U H WK Bamd ROK H
[;a°A-DOVRLQYRNHV WKLY QHZPHWKRG
[[:TAt B << UR°EGHEO f[éR-TE
UUU xDiR “P™e. UUU
+HUHLVD SRVVLEOHLPSOHPHQWDWLRQIRUWKHWLOHORJLF
[[;a°Ae << URB°EBHEO f[&R-tE
t[éR«tE CC YévYU
Ub&°é°DE UR°EEHEO t[éRtEU
UAt «Ra ™MDPO & OFtTAT B ~ tTAT B UR°EEHEO t[éR-tE &U
t[éR«tE CC Yé&Y

5XQ\RXUWHVWY WKH\VKRXOG SDVV

.BUHSDULQJWR PRYH SOD\HUV

7TRPRYHWKHSOD\HUZHQHHG WR NQRZWKHWLOHRQZKLFKLW ZLOO DU
ZKDWLVWKHWDUJHWWLOHLIWKLY SOD\HU IRUH[DPSOH MLOO LV PRY
IRUWKH P&ERVHDRIO tTAT B té °836TE"+O tBiE'R

[[;$tE-acde << &-36a°A-#DR & °A6TE".

N Y cAA TTEe A

“tEe O8 [;$1E+ E«ll €°ABiE'*RO -, U

“%eAA O8 [;TAt «R E«0 ETE-O Y7°AAYU

“tEe t™MM™MTAT «RO %°AAU

4+A8 td4.Re60 1I"tEe 6°A+#DRO ¥%°AA té& °dé8tE“+O ,i UD&°&°DE -PitAad ..U

:KDWLVLPSOLHGLYWKDWD SOD\HUVKRXOGNQRZLWYVY ORFDWLRQ RUW
WKHEHIJLQQLQIJWRILQG ZKDW LV WKHFXUUHQW SRVLWLRQRID SOD\HU
DEOHLQWHUPV RIHIILFLHQF\DQG WKLV LV WKHRQHZHZLOOLPSOHPHQ

/HW XV ZULWHD VLPSOHU WHVW IRUWKHLQWURGXFWLRQ RI WKH SRVLW|
[[[$tE+a-aé << &<a8TAt B &[étR&,4 6TDE°E°DE-

N TEe W°AA A

"tEs O8 [;$TE+ E+0 &6°A+BiE'-RO -, U

v%°AA O8 [;TAt R E+0 EtE-O Y7°AAYU

“tEe T™M™TAT «RO %°AAU

de.A8 t&a-Re0 w%°AA UD&a°eé°PE +pitAald .U

ZEf



.3 ,T J)LQGLQJWKHWLOHRID SOD\HU

'"HILQH WKH PHAVKMBMD 5°6°PEQ WKHIFIADY®W QG DGGDQLQVWDQFH YDULDI
Upa°ée°m®R WKH FODVV ,I\RXUXQ WKHWHVWLWVKRXOGIDLOVD\LQJWKD
QRUPDO EHFDXVHZHQHYHU VHW WKH SRW K VWALIRAERKD FOOMHMHWK DR EDMAV K
[[$1TEe << t™M™MTAt RO tTAT R

UUU xPiR “D™. JUU

7KH VBMABWA T R &[étBé,a e TDABKEREXOG QRZ SDVV DQG ZHFRBRP UHWXUQ WR W
a°A-#PR & °a6tE6LQFH ZH ORVW D ELW WUDFN WKHEHVW WKLQJWR GR LV W
ZK\WKH\DUH IDLOLQJ :HJHWDQHUURUVD\LQJWKDWDJDPHLQVWDQFF
VD&MA-#PROTE *a6t®KAV LV QRUPDO VLQFH ZH QHYHU LPSOHPHQWHG LW )
VLGHU WKDW D UROO FDQEULQJWKH SOD\HU IXUWKHU WKDQ WKH ODVW

/HW XV IL{ WKDW QRZ 'Hd1AQ#bWKite P Hay K'RG

[;$TEe << &°A«#DRO TTAT B té& caétE“«O tBiE’*R
UUU xBPiR “D™e« UUU

1RZDOO\RXUWHVW VKRXOG SDVVDQG WKLVLVDJRRGWLPHWRVDYH\R

,S ,HLOGLQJWKH WLOHRID SOD\HU

‘HFDQ VWDUWWRPRYHD SOD\HUIURPD WLOHWRDQRWKHURQH :H VKR
WKH PH¥VADABIROTe °aetBQG DGG WKH SOD\HU WKHUH 21 FRXUVH ZH VKRXC
WKHWLOH ZKHUH WKH SOD\HULV FXUUHQWO\SRVLWLRQHG VKRXOG EH >
WKHWLOHRIWKHSOD\HU

1RZRQFHD SOD\HUKDV SRVLWLRQLWLVWKHQHDV\WRILQG WKH WLOH |
WHVWIRU LW

[[;$tE-acde << &.dea°AHSTAT R

N Y °AA TTEe A

"tEe O8 [;$TE+ E«l 8°A«BiE'«RO «,U

“%eAA O8 [;TAt «R E«0 ETE-O Y7°AAYU

TtEe T™MM™MTAT «RO Y%°AAU

d+A§ taa+B&0 i"tEe 8°A*HETAT RO w°AAi UDa°é°PE +bitAald U

,PSOHPHQW W KH AHHEWAGRBG O

[;$TEe << €°A«HSTAT «BO T[;TAT B
UUU xPiR “D™. JUU

,S ,JORYLQJWR DQRWKHU WLOH

1RZZHDUHUHDG\WR ZRUNRQPRYLQJD SOD\HUIURPRQHWLOHWR WKH
FUHDWHRQO\RQH SOD\HU :HWHVW WKDWDIWHU WKHPRYH WKHQHZ SF
WKDW WKHRULJLQDO WLOHGRHV QRWKDYH SOD\HUDQG WKH WDUJHW W

[[;$tTEeacde << €<36ADG-TAT «B °ZetE“.

N Y eAA CtEe A

“"tEe O8 [;$1E+ E«ll 6°ABiE'*RO -, U

“%°eAA O8 [;TAt «R E«0 ETE-O Y7°AAYU

“tEe t™MM™MTAT «BO w%°AAU

“tEe EDUG*TAT RO %°AA ™M°zatE“+O ,U

+A§ taa-Re0 %°AA UPa°é°PE «pitAdad ..U

§ taa-Red i"tEe &°A. 60 i UAt R4 °a EU& U

§ taaeBeO 1i"tEe °Ae 60 .1 "E“AT™aTAt «BO %u°AAiU

an an

<A
<A

an



6QDNHV DQG ODGGHUYV

JLIXUH , 8% UUHQW VLPSOH GHVLJQ WKUHHFODVVHV ZLWK D SOD\HU DFWLQJD VLPS(

KDW LV KLGGHQLQ WKLV WHVWLVWKDWZHVKRXOGEHDEOHWRUHPRY|
6LQFH ZH VKRXOG UHPRYH WKH SOD\HURID WLOH ZKHQ LW PRYHV LPSO}

[;a°Ae << R<EDUGTAT RO tTAT R
UUU xPiR “D™. JUU

1RZSURSRVHDQLPSOHPHQWDWIRQ-ROWKAMIPHWMCRETE“-O tE,Eé«"+R
<RXVKRXOGJHWWKHGHVWLQDWLRQ WLOHIRUWKHSOD\HU UHPRYH WEK
WKHGHVWLQDWLRQWLOHDQG FKDQJHWKH SRVLWLRQRIWKHSOD\HU W
[$1E+ << EDU+TAT +BO tTAt B ™ Z81TE“+O tE,E&+ B

UO0U xPiR “P™. UUU

"HVXVSHFW WKDW ZKHQ ZHZLOO LQWURGXFH ODGGHUDQG VQDNH WLOH
EHFDXVHVQDNHVDQGODGGHUVGRQRWVWRUH SOD\HUV MXVW PRYH Wt

$ERXWRXULPSOHPHQWDWLRQ

7TKHLPSOHPHQWDWLRQ WKDW ZH SURSIRMH EMD RIZAKRB VWK i PEHWK R G
tE,E€+" BV QRWDV QLFHDV ZHZRXOG OLNHLW WREH :K\" %HFDXVH LW GF
WLOHVWRH[WHQG WKLY EHKDYLRUDQGRXUH[SHULHQFHWHOOV XV WK|
GXFHWKHVQDNHDQGODGGHU ‘HZLOO GLVFXVV WKDW ZKHQ ZH ZLOO DI
[;$TEs << EDU*TAT RO tTAT B ™°FETE“+O tE,E€¢"«R

AN etR"eBacAe ~

étR"«éa°Ae O8 a+A§ €°A+#PRO tTAT «R té °“4&8TE“+O tE,Eé+ «RU

id°A§ 6°A+HETAT RO tTAT «Ri R<EDG*TAT RO tTAT «RBU

etR"+8a°Ae t™™MTAT «RO tTAT «RU

tTAt «R UD&°é°PEO étR"+éa°As UD&°E°DEU

,S ,"6QDNHV DQG ODGGHUYV

1RZZHFDQLQWURGXFH WKHWZRVSHFLDO WLOHV WKHVQDNHV DQG OD
KDYLRU ZKHQ D SOD\HUODQGVRQVXFKDWLOH LWLVDXWRPDWLFDOO
DQGODGGHUWLOHVGR QRWQHHGWRNHHS UHIHUHQFHV WR SOD\HUV EI

6QDNHVLVUHDOO\VLPLODUWRODGGHUYV ZHFRXOG MXVWKDYHDVSHF
ZHZLOO GHILQHWZR VHSDUDWHFODVVHV VR WKDWZHFDQDGGH[WUD E
LVFKHDS 2QHEHKDYLRUZHZLOOLPSOHPHQW LV D GLIITHUHQW SULQWH
NLQG RIWLOH ZH KDYH

$W WKHEHJLQQLQJRI WKH R K DIVEISGHIRBWESE N H V



.S % $KLHUDUFK\RIWLOHYV

JLIXUH ,S$ &LHUDUFK\RI WLOHV

[é-C7°AA<C7T“¢;<éé,b<Tééféé,,éé...ééTééib<%oééAéé%oéé-€éé...Cb--éé-,é

.S ,% KLHUDUFK\RIWLOHYV

‘HKDYHQRZRXUGHIDXOW WLOH IDFCWYBRHNL QRY RHZILLIOKWUWS@WW RXU FX
WLOHFODVVWREHDEOHWRUHXVHD ELWRILWY VWDWHDQGEHKDYLRU
ZLOOWKHQEHRQHRIWKHOHDYHV RIRXUKLHUDUFK\WUHH

7TRIDFWRUWKHEHKDYLRURIWKHDFWLYHWLOH¥ iZ2&° Z{XFHQWURGXFH
ZHZLOOEHGRQH ZHVKRXOGKDYHDKLHUDUFK\DV WKHRQHSUHVHQWF

/HW XV VWDUW FUHDWH WKH KLHUDU FK\

6SOLW 7LOH FODVV LQ WZR
/HW XV GR WKHIROORZLQJDFWLRQV

$+8VLQJWKHFODVV UHIDEWRULQJ pL Q:\HUBNVOGKSKHFND W KWIF GDY ¥ N R D
WRULQJPHQX LQWURGXFHaDAQHDPKHINMEE DB -WR

F5XQWKHWHVWYDQG WKH\VKRXOG SDVV
f8VLQIJWKHFODVVLQVWDQFH YDULDEOHUHIDFWRULQJuSXOO XSu S
F5XQWKHWHVWYDQG WKH\VKRXOG SDVV

Ff8VLQIWKHPHWKRG UHIDFWRULQJ pB8XarkK XMBEUGSX ¥ OWKH PHWKRGYV
F5XQWKHWHVWYDQG WKH\VKRXOG SDVV

KDW\RXVHH LV WKDWZHGLG QRW H[HFXWH WKHDFWLRQVUDQGRPO\E>
VWHS LV XQGHU FRQWURO XVLQJWKH WHVWYV

+HUHDUHWKHFODVURMEOHEG PHWKRGYV
di’“Ataad @[; 'aent“éacA-
tE“sqtR°t'A+BtE-30 YUD&°E°PEY
qtR°t'A<BtE+&0 YV



6QDNHV DQG ODGGHUYV

'"HILQWHRPEEHPBIWKRG VR WKDWDOO WKHVXEFODVVHV FDQEHGLVSOD\HG
WLRQ

[[; 'aérRt“éa°Ae. << UR°EEHEO t[éR-tE

t[éR<TE CC YéVYU

Up&ace°bDE UB°EEHEO t[éR-tEU

t[éR+tTE CC Yé&Y

t“éa°As ai’"Ata40 @[;a°A-
tE“eqtR°t’'A«BtE«aO YUAT «RAY
AqtR°t ABTE+20 VY

;1700 Y[Et¢ed E™;T™MmMeREY

$GGLQIJVQDNHDQG ODGGHU WLOHV

1RZZHFDQDGG D QHEZ Va¢E F@&WKVY WR

[[; "aert*ea°A- ai"*Ataa0 @[; “é°G-a°A-
EééTE“-qTB°T’A-BTE-éO YetR eea°A.Y
AtaaqtRet A+BtE-30 YV

Ut*et7eO Y[Eteed E™M ; t™M™MeREY

:HDGG D PHRYWMARGVHW WKH GHVWLQDWLRQ WLOH
[[; “eé°Gea°As << 6DO ta°As
étR"séa°As O8 ta°A-

7TKHQ ZHDGG WKH WZR QHZeViEFAGDVVHV RI

°cGea°As ai’*A1a80 OD[;[Etcsea®Ae
EééTE «qtR°t'ABTE-30 YV
tdaqtR°t'A<BtE.a0 YY
Ut“ct7eO Y[Et¢ed E™;T™MmMeREY

[[;[Etcea®Ae << UB°EEHEO t[éR-tE

t[éR«tE CC Y&vYU
gtR"+éa°As UD&°6°DE UR°EEHEO t[éR-tEU
t[éR«tE CC YCpYU

Ub&°é°bE UR°EEHEO t[éR-tEU

t[éR+TE CC Y&Y

[[; “é°aea°As ai'*Ataad @[;;t™™eRa A
CEAETE“eqtR T’ A+BtE-40 YV
“AtaaqtR°t'A+BtE+a0 YY

Ut“¢t eO Y[Et¢ed E™;T™M™eREY

7TKLVLVIXQWRVHHWKDW WKHRUGHU ZKHQ WR SULQW WKH SRVLWLRQR
DQGODGGHUV

[[;;t™™eRa®As << URB°EEHEO t[éRTE

t[éR+tE CC YévU

Uba°é°bE UR°EEHEO f[éR-TEU

t[éR+tE CC Yp<YU

étR"+éa°As UDa°&6°PE UR°EEHEO f[éR-TEU
t[éR«tE CC Yé&Y

'HGLG RQ SXUSRVHQRWWRDVN\RXWRGHILQHWHVWV WRFRYHU WKH F|
\RXKRZORQJVHTXHQFHRISURJUDPPLQJZLWKRXWDGGLQJQHZ WHVWYV
7TKH\DUHRIWHQ PRUH VWUHVVIXO

6ROHW XVDGG VRPHWHVWV WRPDNHVXUHWKDW RXUFRGHLV FRUUHFV

ZEF



.S .5 1HZSULQWLQJKRRN

[[;a°Acacdé << B6+.88TR°EG°E";t™™.R
oA A
« 08 [;;t™M™eRa°Ae E+0 UD&°6°DEO ,b éDO i[;a°Ae E-0 UD&°6°DEO tiU
§ taa-ReO é°A« UBR°Eé&[eR°E" «pitAal Yeé,p<teyY

[[;a°Asac5é << 6+38TR°EG°E"[Et¢-e

0 UP&a°é°PEO «+b éPO i[;a°A+ E+0 UP&a°&°PEO ...iU
CE&[éR°E" «PitAG0 Yé..Chee&Y

5XQWKHWHVWVDQG WKH\VKRXOG SDVV 6DYH\RXUFRGH 7DNHDUHVW

,S ,SIHZ SULQWLQJ KRRN

'KHQ ZH ORRNDW WKH SULQWLQJVLWXDWLRQZHVHHFRGHGXSOLFDWLF
DWOHDVWWKHUHSHWLWLRQRIWKHILUVWDQG ODVW H[SUHVVLRQ

[[;a°As << UR°EBHEO f[&R-tE

t[éR«tE CC YévYU

Ub&°e°DE UR°EEHEO t[éR-tEU

UAt ka8 ™MDPO & OFfTAT B ~ tTAT B UR°EEHEO t[éR-tE &U
t[éR+tTE CC Ye&Y

[[;;t™™eRa°Ae << UR°EEGHEO t[éR-TE

t[éR«TE CC Y&YU

Ub&a°é°bE UR°EEHEO t[éR-tEU

t[éR«tE CC Yp<YU

étR"+&a°As UP&d°e6°PE UR°EEHEO t[éR-TEU
t[éR<TE CC Y&VY

'R\ARXWKLQNWKDW ZHFDQ GREHWWHU" :KDW ZRXOG EHWKHVROXWLRQ

,QIDFW ZKDW ZH ZRXOG OLNHLVWRKDYHD PHWKRG WKDW ZH FDQ UHXVH
vye eYSQGLQDGGLWLRQ ZHZRXOG OLNHWRKDYHDQRWKHU PHWKRG IRU!
WKHVHVDQG WKDW ZHFDQ VSHFLDOL]H LW 7KLV ZD\HDFKFODVV FDQ Gt
SDUWDQG UHXVHWKHSDUHQWKHVLY SDUW

7KLV LV ZKDW \RX ZLOO GR QR°E e HEM WK R 5 GRU W: WieR OB ¥\l Q
WZR PHWKRGYV

$D QHZ PHWKR GROBPEG™ - MXKYW SULQWLQJ WKH SRVLWLRQ DQG
TWHKH EGHEBIWKRG XVLQJ WKLV QHZ PHWKRG

[; "86Rt“6a°As << UR°E&,E&°™+HEO t[6R+TE

Ub&°e°DE UR°EEHEO t[éR-1E

1RZGHILQH WK FFHWMR GURGXFH WKH VDPHEHKDYLRUDV EHIRUH EXW F
UR°Eé&,Ea°™.HEO
[; 'aéRt“éa’°Ae << UR°EEHEO t[éR-tE

UUU xPiR “D™. JUU

5XQ\RXUWHVWVDQG WKH\VKRXOG SDVV <RXPD\KDYHQRWLFHG WKDW
WKHPLVFRYHULQJWKHDEVWUDFW WLOH :HVKRXOGKDYHEHHQPRUH S

:KDW\RX VKRXOG VHH LV WKDWZHZLOOKDYHRQO\RQHPHWKRG GHILQL
WKHVXUURXQGLQJRIDWLOHDQG WKLV LVPXFKEHWWHULIRQHGD\ ZH -



6QDNHV DQG ODGGHUYV

JLIXUH ,SQWURGXFIERIEA° ™«BED QHZ KRRN

.S ,<8VLQJWKH QHZ KRRN

1RZ\RXDUHUHDG\WR H[SUHVV W KaHAS [} [EGFW-D QBE H KBIAQL R B RF K
PRUHFRPSDFW IDVKLRQ 'R QRWRREEHBAWKRGNVARYHXWKFEODVVHY HOVH
ZLOO KLGH WKH QHZ EHKDYLRU ,I\RXGR QRW JHW ZK\\RX VKRXOG UHDG
WDQFH <RXVKRXOGJHW WKHVLWXDWLRQ GHSLFWHGDV LQ )LJXUH

+HUH LV RXUGHILOA W& R "NRBBEWKKIRG RI WKHAFODVV
[;a°Ae << UR°E&,EA°™«HEO t[éR<tE
4iU+R UR°E&,E4°™«HEO t[éRTEU
UAt «Ra ™MPO & OFfTAT B ~ tTAT B UR°EEHEO t[éR-tE &U
:KDW\RXVKRXOG VHHLVYWKDW ZHDUHLQYRNLQJ;WiR{G&I'BXOW EHKDYL
XVLQIBEWKIBVHXGR YDULDEOHDQG ZHHQULFK LW ZLWKWKHLQIRUPDWLR

'"HILQHWKH RQH "R RAKA® DVV DQ G WK ETR QAR U
[;;t™™eRa°Ae << UR°EE,E4°™+HEO t[éR-tE
UUU xPiR “D™. JUU

[;[Et¢ea’Ae << UR°Eé,E4°™eHEO t[&R-TE
UUU xDiR “P™e« UUU
VXSHUGRHY QRW KDYH WR EH WKH 4UVW H[SUHVVLRQ

1RZZHVKRZ\RX RXU GRIE& E¥ MRIE® W KH ;FEOIRVaVA-: K\ GR ZH VKR Z
LW" % HFDXVH LW VKRZV\RXWKDWDQ H[SUHVVLRQLQYRNLQJDQRYHUUL
ZKHUH ,WGRHVQRWKDYHWREHWKHILUVWH[SUHVVLRQRIDPHWKRG

[;[Et¢ea’Ae << UR°EE,E&A°™.HEO t[&R<tE
étR"+&a°As UPD&d°eé°PE UR°EEHEO t[éR-TEU
t[éR«TE CC YCbhYU
d4iU+R UR°E&,E&°™«HEO f[eéR-TE

'RQRWIRUJHWWR UXQ\RXUWHVWYV $QG WKH\VKRXOGDOO SDVYV

» & %o



.3 ,E $ERXWKRRNVDQG WHPSODWHV

,S ,BERXW KRRNVDQG WHPSODWHYV

,/ZHORRNDWZKDWZHGLG :HFUHDWHG ZKDW LV FDOOHGD +RRN 7HPSC

F7KHWHPSODWH RHWEKRBOLW WMKG ,W GHILQHV D FRQWH[W RI WKHH[HF
KRRN PHWKRGYV

f7KHR°Ee,Ea°™-AHYVDIH LY WKHKRRNWKDW JHW VSHFLDOL]JHGIRU HDF
LQWKHFRQWH[WRIDWHPSODWHPHWKRG

:KDW\RX VKRXOG VHH EMHEEHDWDNKH V DOV RUR KR RN BRHV KB JH
7TKHUHOWYHEKE [eR°"EHWKRG LV FUHDWLQJ D FRQW HRNER Q BEMHF® G NWKW PHVV D J
VSHFLDOL]HG

7TKHVHFRQG SRLQW WKDW ZH ZDQW WR VWUHVV LV WKDW ZH WXUQHG H[S
WUDQVIRUPHG WK &SHHVEtERQEO HOMRS UR°EE,EG°™-HEO f[éR-TE
DQGVXFKVLPSOHWUDQVIRUPDWLRQ FUHDWHG D SRLQWRIYDULDWLRQ
WKDW WKHH[SUHVVLRQ FRXOG KDYHEHHQD ORWPRUHFRPSOH]

)LQDOO\ ZKDW LV LPSRUWD Q WobW-R bt DIl HAOWRKERWD BWHHQD YDULDWLRQ
SRLQW ,PDJLQHWKDW ZHKDYHPXOWLSOHNLQGRISRVLWLRQV WKLV H
LQJPHWKRG RQ WKH REMHFW W K D ibla VaF X &M AHKQIRE \L WH.IRQ B B @ MRABA FR X
QRW EH RUJDQL]JHGLQ D KLHUDUFK\DV VRRQ DV WKH\RIIHUD VLPLODU L«
DYDULDWLRQ SRLQW LQ D SURJUDP

S ...PQDNHDQG ODGGHU GHFODUDWLRQ

1RZZH VKRXOGDGGWRWKHJIJDPHVRPHPHVVDIJHV WR GHFODUH VQDNH D
QDPH WKH P&¥MDIHE#3DHD@BO[ET - #RDPEOCARA OHW XV ZULWHD WHVW DQG
PDNHVXUH WKDW LW IDLOV EHIRUHVWDUWLQJ

[[;$tE+acsé << 6+a6#iAASTE-TR°EG[ER°E"

A CFEe A
“tEe O8 [;$1E+ EeQ €°A+BiE'+RO -, U
TtEe

dee;T™MM™MR#RPEO , éDO tPh
ded;T™M™MRHRPEO £ DO %b
+B[Ef¢+#RPEO «+ 6DO ..U

éé-BéO “tEe UR°E&[&R°E"
PitAa0 VYéeéé p<tEééfee, 6. . 68TEE1IP<%EE EE%EELEEE.. . Chestle,EY

'"HILQH WKHBHWKRE&IDEMNIKODW WDNHV WZR SRVLWLRQV WKHILUVW RQH
WKHWLOHDQG WKHVHFRQGRQHLVWKHSRVLWLRQ RPMRKWWHBHDUJIHW 3D\
DFWLYHWLOHVY H[SHFWV DWLOHDQG QRWD SRVLWLRQ
[;$TEs << A«@[Et¢+#RDEO t[PiR“-TD&4°6°DE éPO ftatR"+eéTD&°&6°DE

UUU xPiR “b™. JUU
[;$TEe << &+&;T™™.R#RDEO T[PiR“<TD&°E°DE DO tatR"+6TD&°E6°DE

UUU xPiBR “bD™. JUU

5XQ\RXUWHVWV $QGVDYH\RXUFRGH

bS .YPHWWHU WLOH SURWRFRO

1RZZHVKRXOG GHILQH ZKDW VKRXOG KDSSHQ ZKHQ D SOD\HU ODQGV RQ
,QGHHG IRUWKH QRUPDO WLOHYVY ZHLPSOHPHQWHG WKDW WKH SOD\HU F
WLOHORVHV WKHSOD\HUDQG WKHUHFHLYLQJWLOHJDLQV WKH SOD\HU

ZES



6QDNHV DQG ODGGHUYV

‘HLPSOHPHQWHG VXFK EHKEVPLRB1L eRWKHAPHWRKRGETE“-O tE,Eé« <R
VKRZQ EHORZ :HSDLGDWWHQWLRQ WKDWD SOD\HUFDQQRWEHLQ WZR
LWIURPLWYVY WLOH WKHQPRYHLWWRLWY GHVWLQDWLRQ
[;$TEe << EDPU*TAT «RO tTAT «R ™°38TE“+O TE,Eé«"+R

AN @gtR"ega°Ae 7

tR"«ea°Ae O8 a+A§ €°A+#PRO tTAT «R té °48TE“+O tE,Eé+ «RU

id«A8 6°AHETAT «RO tTAT «Ri BR<EDGTAT «RO tTAT «RU

gfR"+ea°Ae t™MM™MTAT «BO tTAt «BU

tTAt «R UD&a°é°PEO étR"+éa°As UD&°E°DEU

$WWKDWPRPHQW ZHVDLG WKDW ZH GLG QRW OLNHWRRPXFK WKLV LPSC
WLPHWR XQGHUVWDQG ZK\DQG GRLPSURYH WKH VLWXDWLRQ

JLUVW LW ZRXOG EHJRRG WKDW WKHEHKDYLRUWRPDQDIJHWKHHQWHUI
FORVHUWRWKHREMHFWY SHUIRUPLQJLW HKDYHWZRVROXWLRQV ZF
SOD\HUFODVV 6HFRQG ZH VKRXOG WDNHDQRWKHU IDFWRULQWR SOD\
LRU QRUPDOWLOHVPDQDJH SOD\HUVDQGDFWLYHWLOHVDUHSODFLQ.
QRWPDQDJHSOD\HUV 7KHUHIRUHLWLVPRUHLQWHUHVWLQJWRGHILQ
ZHZLOOEHDEOHWRH[SORLWLWIRUQRUPDODQGDFWLYHWLOHYV

‘HSURSRVHWRGHILQHWZR PHWKRGV RQ WKH WLOMUKRQH VR DFFHSW D
DQGWRUHOHDVH RB-8OBA\HAY QRIPWX YV UHZYTAMHRO tTAtT R ™°4&tE“-0
tE,E€+"+ ELWK VXFKPHWKRGV

V

7KHXVHLQ WKLY GHILQLWLRQ RIVHOIPHVVDIJHVRUGLUHFWLQVWDQFH
GHILQLWLRQ EHORQJVWR WKLV FORBMVYta4-REIZDEHRIOHRWKH PHWKRG
[;a°As << ReAetaTAT RO TTAT R

d+A§ REDGTAT RO tTAT B

o << f**eUe&TAt RO tTAT R
§ t™M™TAT «BO tTAT -BU
t

°A
<A
At R UDP&°é°bEO UD&a°é°PDEU

—+ an D

T

'"HILQLQI WKH-RAHWKREG ROV QRW QHFHVVDU\EXW ZH GLG LW EHFDXVH LW
ULFDO

1RZZHFDQ UHBIMTAQHRO tTAT «R ™°&d8tE“«O TE,Eé+ <R
[;$TEe << EDU*TAT «RO tTAT B ™°FETE“+O tE,E&¢ R
A gtR egacAe 2
étR"+8a°Ae O8 d:A§ €°A+#PRO tTATt R t& °36TE“+O TE,Eé+"+RU
id+A§ °A-HETAT «BO tTATt «Bi BeAsta+TAt «BO tTAt «BU
étR"«&a°As T““«UéTAT RO tTAT «RU

$OO0O WKHWHVWVY VKRXOG SDVV $QG WKLV LV WKHSRZHURIWHVW GULYH
PHOWDWLRQRIRXUJDPHDQG ZHFDQ YHULI\WKDW ZH GLG QRW FKDQJH L

$QRWKHU OLWWOH LPSURYHPHQW

1RZZHFDQLPSURYH WKH-GHIAQIMMH RD@RLPSOHPHQW LWV EHKDYLRU SDU
[; 'aérRt“ea°ADQG SDUWOARTKLY ZD\WKHGHILQLWLRQRIWKHPHWKRGYV DU
GHILQLWLRQRIWKHLQVWDQFH YDULDEOHVDQG WKHVWDWHRIWKHREN
[; "déRt éa’As << t*+0eTAT RO TTAT R

tTAtT «R UPa°é°PEO UPa°é°bE

ATUR T°“sUTAT RO TTAT «RU

[;a°Ae << t**-U&TAt BO TTAT B
a-A§ t™™TAT «RO tTAT «B



(03

.S $FWLYHWLOHDFWLRQV

JLIXUH ,D&EFHSW30D\HU DQG UHOHDVH30D\HU QHZPHVVDJH

1RWHWKDW ZH FKDQJH WKH RUGHU RIH[HFXWLRQ E\LQ&RNLQJ WKH VXS
t““eU&TAT RO tTAEEHRFDXVH ZH SUHIHUWR LQYRNHILUVW WKHVXSHUFODYV
SUHIHUWR WKLQN WKDW D VXEFODVV LVH[WHQGLQJDQH[LVWLQJEHKD"

7TREHFRPSOHWH ZRHAGHIITAH MBERHW QRWKLEQRIRQa°A«H GHILQH LW WR
GRFXPHQWWKHWZRIDFHVRIWKH SURWRFRO )LJXUH VKRZV WKH VL)
[; 'aéRt“éa°Ae << RBeAsta+TAT RO TTAT <R

Ub EDPé-"E" ' ™.§tiAeO ai’“Ataa-a Et ED™°§ é&-°a '-tu°BDRUU

~.$FWLYHWLOHDFWLRQV

1RZZHDUHUHDG\WRLPSOHPHQW WKHEHKDYLRURIWKHDFWLYHWLOH\
:KDW ZH ZDQW WR WHVW LV WKDW ZKHQ D SOD\HUODQGVRQDVQDNHLW
RULIJLQDO WLOH GRHV QRW KDYH WKLY SOD\HUDQ\PRUH 7KLV LV ZKDW YV

[[:$tE+asdé << 8+86TAT +R[E+UHE [Et¢e

N Y AA TTEe A
"tEe O8 [;$1TE+ E-Q
8°ABiE' RO +,b
ded;tT™M™MRHRPEO , éDO TP
dee;t™M™MR#RDEO £ éDO %b
Ae8[Et¢#RDEO «» DO ..U
%°AA O8 [;TAt «B E«0l ETE.O Y7°AAYU
“tEe t™M™MTAT «RO %°AAU
“tEe EDUTAT RO YU°AA ™°3atE“«O €U
«A§ tas-Re0 %°AA UP&°é°PE -pitAdad ..U
+Ag§ taa.ReO i"tEe &°Ae 60 i UAt «Ra °a EUe& U
+A§ taa.ReO ii"tEes &°Ae 60 ...i "E“Ai™«aTAT RO ¥u°AAiU

an an an

1RZZH MXVW KDYHWR LPSOHPHQW LW



6QDNHV DQG ODGGHUYV

[; “8°Gea°As << t““«UBTAT RO TTAT <R

UlU xPiR “D™. UUU

7TKHUHLVY QRWKLQJWR GRAIRUMWKHEHFVFYVRYH WKH SOD\HULV QHYHU DGG'
DFWLYHWLOH 2QFH\RXDUHGRQHUXQ WKHWHVWVDQGVDYH

.$OWHUQDWLQJ SOD\HUV

‘HDUHQHDUO\VILQLVKHG ZLWK WKHJDPH )LUVW ZH VKRXOG PDQDJH WK
SOD\LQJDQG WKDW WKHJDPHILQLVKHY ZKHQ WKHFXUUHQW SOD\HU OD

‘HZRXOGOLNHWREHDEOH WR
1PDNHWKHJDPHSOD\LQDXWRPDWLFPRGH
t1PDNHWKHJDPHRQHVWHSDWWKHWLPHVRWKDWKXPDQV FDQ SOD\

7KHORJLFIRUWKHDXWRPDWLF SOD\FDQEHH[SUHVVHGDVIROORZV

UAT

& 0-°AeaBRisO e

O ia+Ag “iRR*EETAT «Ri RPAAO t+ teWTE™DE &

8QWLO WKH JDPHLVILQLVKHG WKHJDPHLGHQWLILHVY WKHFXUUHQW SO
QXPEHUJLYHQE\D GLHRI VL[ IDFHWTEZNHBHFWWYDRRQRPO\D QXPEHU EH
WZHHQ DQG

.30D\HU WXUQV DQG FXUUHQW SOD\HU

7TKHJDPHGRHV QRW NHHS WUDFN RIWKH SOD\HUVDQG WKHLURUGHU :H
HDFK SOD\HUFDQ SOD\LQDOWHUQDQFH ,WZLOODOVRKHOS XVWRFRP
WXUQ ZH VKRXOGLGHQWLIV\WKHFXUUHQW SOD\HU

7TKHIROORZLQJWHVW YHULILHVY WKDW ZH REWDLQ WKHFRUUHFW SOD\H!I

[[;$tEeacdé << &+46 IRR<EETAT R

AN Yatte TtEe WWAA A

“tEe O8 [;$1E+ E«0 €°A+BiE'+RO -, U

Yt e O8 [;TAt «R Eell ETE.O Y7t “¢YU

%°AA O8 [;TAt «B E«0l ETE-O Y7°AAYU

“tTEe t™M™MTAT «RBO %t “eb t™M™MTAT «RO %°AAU
"tEe 8IBEO U

4°A8§ tda°Be0 "TEes “IBR*EETAT «R «PitAd0 WUt s U
“tEe 8IREO ,U

d°A8 td4<RE80 "tEe “iRR<EETAT R «pitAald ¥%°AAU
“tEe 8IREO fU

4°A§ t4a°R80 "tEe “IBR<E&TAT B «pitAAO Vit U

<RXVKRXOG DGG WZR L QAW RE@&ERD B \DiEHR IO D V V

7KHQ\RX VKRXOG LQLWLDOL]HWKH WZR QH Z LAY V-WHQ/FHDYDRH. DEOIH V D G |
DEOHWR DQ 2UGHUH G &R EL@NFNDLRRHD/@® WIKEHOH WR JHUR

[[$TE+ << °E°8°tA° »
UUU xDiR “D™. UUU

<RXVKRXOG PRGLIYWHKHAR HBEKRGG WKH SOD\HU WR WKH OLVW RI SOD\HU"
PHWKRG EHORZ

o ff



|
|

.3 .7 +RZWR4QG WKH ORJLFRIFXUUHQW3OD\HU"

[;$TEe << t™M™MTAT RO tTAT R
tTAt «R UD&a°é°pEO U
UAt «R&a t™™QO tTAt «RU
i16°Aed T80 «i t™M™MTAT «RO tTAT R

HGHILQHDOVR WK HWHMWRKHPIBWKREU WKHWHVW 7KLV LVZKHUH\RX YV
EHIJRRGLQ 3KDURWRKDYHWKHSRVVLELOLW\WR ZULWHWHVWY LQVLGH
PHWKRG GHILQLWLRQ MXVW IRUD WHVWEXW68QLWGRHV QRWDOORZV)>
WKLY DQGHQVXULQJRQO\ Wil ¥ ¥ RVGRHXF/HINFODX/WHRWHEEAOLRQV :H PDNH
EHORQIJMWR WKH™;t™m™M.g5pRWRFRO ,Q WKLV ZD\[EHZH FEQOA"®RDG WKH
™MRSDFNDIJHWKHQ LW ZLOO QRWLQFOXGHDQ\WHVW VSHFLILFPHWKRGYV
[$tTEs << @IiREO tBiE’*R

8iRE O8 TtBIiE'+R

.+*+RZWR 4QG WKH ORJLFRIFXUUHQW3OD\HU"

1RZZHVKRXOG GHILQiRANKeH PHMWHKRIGOO WU\ WR VKRZ\RX KRZZHEUDLQV)
DQG H[SHULPHQW ZKHQ ZHDUH ORRNLQJIRUDQDOJRULWP RUHYHQ WKF

,PDIJLQHD PRPHQW WKDW ZH KDYHWZR SOD\HUV -DFN -LOO 7KHWXUQV
-DFN -LOO -DFN

1RZZHNQRZWKDW ZHKDYHWZR SOD\HUV 6R XVLQJWKLVLQIRUPDWLRGQC
VLRQRI E\ JLYHV XV VRWKLVLVWKHWXUQRIWKHILUVW SOD\HU $W
E\ LV]JHURVRZHWDNHWKHODWHVW SOD\HU -LOO

+HUHLVDQH[SUHVVLRQ WKDW VKRZV WKHUHVXOW ZKHQ ZHKDYH WZR S
ie 8DO <€i “DAA+"80 & Oe¢t“- " ot*- p< iet*- DD ,i &

< @+p<eU ,p<€U fp<eU ,p<€U ..p<+U tp<€U tp<eU "p<€U %p<eU <€p<€é
+HUHLVDQH[SUHVVLRQ WKDW VKRZV WKHUHVXOW ZKHQ ZHKDYH WKUH
is DO «€i "DAA.“60 & Oet"- » ot“- p< iet“- DD fi &

< @éep<elU ,p<,U fp<€U ,p<eU ..p<,U tp<€U fp<eU "p<,U %p<€U <€p<eé

:KDW\RXVHHLVY WKDWHDFKWLPHZHJHW LWPHDQV WKDW WKLV LV WK
FDVHDQG WKLUGLQWKHVHFRQG

7KLVLVY ZKDWZHGR ZLWK WKHIROORZLQJPHWKRG :HFRPSXWH WKHUH
DQXPEHUEHWZHHQ DQG WKH SOD\HU QXPEHUPLQXVRQH 7KLV QXPEHI
QXPEHU WQWKRBEUGHUHG FROOHFWLRQ :KHQLWLV]J]HURLWPHDQV WKDW
SOD\HU

[[:$1TE+ << *“TRR-E&BTAT R

A Redé UAT eR,E™. A
Bedé O8 i61RE DD UAT «R& &° «iU
UAT «R,E™. (O8 iR+&& °4}*RD

°gaBRi«O & UAT «R& &° « &
°cg#TA&a.0 & Redé &fU
k UAT «Ra té0 UAfT «R,E™.

5XQ\RXUWHVWVDQG PDNHVXUH WKDW WKH\DOO SDVVDQG VDYH

L%DPHHQG

&KHFNLQJIRUWKHHQG RIWKHIJDPHFDQEHLPSOHPHQWHGLQ DW OHDV\
ftWKHJDPHFDQ FKHFNLIDQ\RIWKHSOD\HULVRQWKHODVW WLOH
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6QDNHV DQG ODGGHUYV

ftRUZKHQ D SOD\HUODQGV RQ WKHODVWWLOH LWVHIIHFWLV WR HQC
'HZLOOLPSOHPHQW WKHILUVW VROXWLRQ EXWOHW XV ZULWHD WHVW I

[[;$tEeacde << &+36,4HG-R

N Yttty TTEe A

“tEe O8 [;$1E+ EeQ €°A+BiE'+RO -, U

“ut e 08 [;TAt «RB E«ll ETE<O Y71 “¢YU
“tEe t™MM™MTAT «RO %t ¢ U

d+A§ t44-R80 Yty UD&a°e°PDE «bpitAdald U
“tEe EDUTAT RO YUt“y ™°A&TE“«O +«U
4°A8§ taa.Re0 wut“ e UDP&a°é°PE «pitAad «,U
d+A8§ taa.Re0 "tTEe. caHGRU

1RZGHILQH WKEHIHAMAW RR G D Q X(\EH WKt PHVVDJIH ZKLFK UHWXUQV WUXH LI
RIWKHHOHPHQWV RIDFROOHFWLRQ WKHUHFHLYHU VDWLVILHV DFRQ
SRVLWLRQLVWKHQXPEHURIWLOHV VLQFHWKHODVWWLOH SRVLWLRQ

[;$TEe << °&aHUG-R
UUU xPiR “D™. JUU

$OWHUQDWH VROXWLRQ

7TRLPSOHPHQW WKHVHFRQG YHUVLRQ; ZMFPRAQHQMWIU\RW K HHOD QWM R WA KTHN
VKRXOG EHGRQH

$tGHILQHD QHZ FODVYV

FUHGHIL @M W<t «8MOR VWRS WKH JDPH 1RWHWKDW LW PHDQV WKDW W
UHIHUHQFH WR WKH JDPH 7KLV VKRXOGEHDGGHG WR WKLV VSHFLDC

FLOLWLDOL]JHWKHODVWWLOHRIWKHJIJDPHWREHDQLQVWDQFHRI VX

.SOD\LQJRQH PRYH

%HIRUHDXWRPDWLQJWKHSOD\RIWKHJDPHZHVKRXOG PDNH VXUH WKELC
SOD\HURXWVLGH WKHERDUG

+HUHLVDVLPSOHWHVWFRYHULQJWKHVLWXDWLRQV

[[;$tE.arde << &+56 TEAPG-aDTD&°6°DE

A TE’ N

“tEe O8 [;$1E+ E«Q &°A+BiE'+RO -, U

4.A8§ tda.Re0 i"tEe “tEADGU-aDTD&4°6°DEO ~iU
+A§ ta&a.Reée0 i"tEs “tEADU-aDTDa°&é°DEO +,iU
+A§ ™MeE O i"tEe “tEADG*aDTD&a°&8°DEQO +fiU

[

'"HILQH WKHPEAWK R®GTD a6 AEWDNHV DV LQSXW WKHSRVLWLRQ RI WKH SR

[;$TEe << “TEADG-aDTD&a°é°DEO tBiE’'*R
UUU xPiB “b™. JUU

30D\LQJRQHJDPH VWHS

1RZZHDUHILQDOO\UHDG\WR ILQLVKWKHLPSOHPHQWDWLRQRIWKHJD
WKDW WKHJDPHFDQ SOD\DVWHS FRUUHFWO\ L H SLFNLQJWKHFRUUF
SODFH



.S ..5 30D\LQJRQHPRYH

[[;$tEcacdé << @<86TAT HE+[&-U

N Yo AR wtey TtEe A

“tEe O8 [;$TEs E+li €°A«BiE'+RO «,U

Yt O8 [;TAT B E«li ETE.O V7t ¢VYU

%°AA O8 [;TAT B E«0 ETE«O Y7°AAVYU

"tEe t™MM™MTAT «RO %°AAU

“tEe t™M™MTAT «RO %t ¢ U

d.A§ taa.-Re0 w°AA Uba°e°PE «pitAad U

"tEe UAt HE-[é«Ur°é-WbhAAO fU

d+A§ taa.Re0 w%°AA UDa°é°pPE «bitAad ,U

deA§ td4+Re0 i"tEe €°Ae 80 «f UAT +R& &° » «PitAE0 U
A§ taaeReO 1i"TEe é°Ae 60 ,i "E“Ai™e«aTAT +RO W°AAI

[;$tE+racdé << é&-.aéTAt atb[é-Ua

N Yo AA Ytty TtEe A

“tEe O8 [;$1E+ E«0l 6°A+BiE'+RO -, U

Yt e O8 [;TAt «R Eell ETE.O Y7t “¢YU
%°AA O8 [;TAt «B E«0l ETE-O Y7°AAYU
“tEe t™M™MTAT «RO %°AAU

“tTEe t™MM™MTAT «RO YUt ¢ U

"tEe UAt HE-[é«Ur°é-WhAAO fU

“tEe UAt HE<«[é«Ur°e-WbAAO ,U

UEDeé-°E" “-tE"«a §DR %°AAU

+A§ taa.-ped w°AA Upacée°bE «pitAad ,U
+A§ ta&a+.Re0 11"TEe &°Ae 60 ,i "E*Ai™«aTAT RO %°AAiU

an an

UEDPO A.é 14 G-R°§ &-té Yt e EDG.™ “PRR+“6A &b &°A. fU
4°A8§ taa.BeO i"tEs 6°As 60 «i UAT «R& a° «» «+bitA&0O €U
d+A8 tda+.Re0 wut“y UD&a°eé°PDE +pitAald fU

| a-A§ t&a-BeO0 1i"tE- &°Ae 80 fi "E*Ai™«aTAT «BO %t ¢l

+HUHLV D SRVVLEOHLPSOHPHKHAWIDEN/ERQ R I WHKAAO®HWKRG
[[:$1E+ << UAt HE«[8+Ur°e-WDAAO tBiE'+R

N CYIRReEBTAT oRB A
8iIRE O8 &iRE O U
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6QDNHV DQG ODGGHUYV

JLIXUH ,S3®D\LQJ VWHS E\VWHS LQVLGH WKHLQVSHFWRU

JLIXUH ,S$XWRPDWHG SOD\

<RXFDQ WU\WKLVPHWKRGLQVLGHDQLQVSHFWRUDQG VHHWKHUHVXO
VFULSWDV VKRZQLQ)LIJXUH

[~ e AA Yt e "tEe A
"tEe O8 [;$TE+ E-0
8°ABiE RO «,p
dea;t™M™M.RARPEO , DO tb
8T ™M RHERDEO f éDO %b
AeB[Et¢*#RDEO «» DO ..U
Yat“e O8 [;TAT «R Ee0 ETEO Y71 ¢YU
%°AA 08 [;TAt «B E«0l EtTE«O VY7°AAYU
“tEe t™MM™MTAT «RO %°AAU
"tEe t™MM™MTAT RO Wt s U
"tEe °E&dUe“e

n

.S XWRPDWHG SOD\

1RZZHFDQFDQ GAtPOWWRE DVIROORZVDQG XVHLWDV VKRZQLQ )LIXUI
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6RPH 4QDO WHVWYV

‘HZRXOG OLNHWR PDNHVXUH WKDW WKH SOD\HULV QRWPRYHG ZKHQ LV
WKDW WKHJDPHLVILQLVKHG ZKHQ RQH SOD\HU ODQGV RQ WKHODVW WL
EHKDYLRU
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AN Yo AA Yatey THEe A
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6QDNHV DQG ODGGHUYV

1$ SOD\HUZKR ODQGVRQDQRFFXSLHG WLOH PXVWJREDFNWRLWYV RL

F,I\RXUROODQXPEHU KLIKHUWKDQ WKHQXPEHURIWLOHVY QHHGHG \
PXVWFRQWLQXHPRYLQJEDFNZDUGV IURP WKHHQG

<RXZLOO VHHWKDW VXFKH[WHQVLRQVFDQEHLPSOHPHQWHGLQ GLIIHL
FROGLWLRQV EXWGHILQHREMHFWV UHVSRQVLEOHIRUWKHEHKDYLRU I

.S Tf&RQFOXVLRQ

7KLY FKDSWHU ZHQW VWHS E\VWHS WR WKH SURFHVV RIJHWWLQJIURP L
WDWLRQ FRYHUHG E\WHVWYV

7KLV FKDSWHU VKRZV WKDW GHVLIJQLVDQLWHUDWLYH SURFHVY :KDW L
ZHZRXOGEHD ORWPRUHZRUULHGDERXWEUHDNLQJVRPHWKLQJ ZLWKF
WHVWV ZHZHUHDEOHWRFKDQJH VRPHSDUWY RIWKHGHVLIJQDQGUDSL
VSHFLILFDWLRQ VWLOO KROG

7KLV FKDSWHU VKRZV WKDW LGHQWLI\LQJWKHREMHFWY DQG WKHLU LQ'
ZDUGDQGPXOWLSOHGHVLIQDUHRIWHQYDOLG

oo f %o
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7LQ\&KDW DIXQDQG VPD
FOLHQW VHUY

SBKDURDOORZVWKHGHILQLWLRQRID5(67VHUYHULQDFRXSOHRIOLQH
DJHE\]HURIODJ ZKLFKH[WHQGV WKHVXSHUE +773 FOLHQW VHUYHU =L(
JLYHQ WR WKHFRPPXQLW\ 7KHJRDO RIWKLVY FKDSWHU LV WRPDNH\RX (
FOLHQW VHUYHU FKDWDSSOLFDWLRQ ZLWK D JUDSKLFDO FOLHQW 7KL\
ZLWK 3KDURDQG VKRZWKHHDVH ZLWK ZKLFK3KDUR OHWV \RX GHILQH D
SOHRIKRXUV 7LQ\&KDW KDV EHHQ GHVLIQHG DV D SHGDJRJLFDODSSOL
ZHSURSRVHDOLVWRISRVVLEOHLPSURYHPHQWYV

7LQ\&KDW KDV EHHQ GHYHORSHG E\2 $XYHUORWDQG6 'XFDVVHZLWKD

2EMHFWLYHVDQG DUFKLWHFWXUH

‘HDUHJRLQJWREXLOGD FKDWVHUYHUDQGRQHJUDSKLFDO FOLHQW D\

7KHFRPPXQLFDWLRQEHWZHHQ WKHFOLHQWDQG WKHVHUYHU ZLOO EH
WLRQ WR WK b #O WYY -te WKH FOLHQW ZHZLOO GHIbQHaWKUHH RWKH L
4t ZKLFKUHSUHVHQWV H[FKDQJHG PHVVDJHV DV D IXWXUHH[HUFLVH\F
PRUHVWUXFWXUHG HOHPHQWV VXFKDV -621RKRN-6Z22VWEKIBKDUR REMHF
VWRUHV PHVY¥ DWW ARIQEJUD SKLFDO LQWHUIDFH

JLIXUH ,«&KDWWLQJ ZLWK 7LQ\&KDW



7LQ\&KDW DIXQDQGVPDOO FKDW FOLHQW V

./RDGLQJ 7THDSRW

‘HFDQ ORDG 7THDSRW XVLQJWKH &RQILIXUDWLRQ %WURZVHU ZKLFK\RXF
RIWKHPDLQPHQX 6HOHFW 7HDSRWDQG FOLFN u,QVWDOO 6WDEOHUK $Q
VFULSW
$D8R °&

AETAAGTA;-i'fad.RO Y BRP8AT"Y URDY%"0 Ya-tUPEYP

“DE§°"IRtTé°PED

Apt™[éet AU

1RZZHDUHUHDG\WR VWDUW

OHVVDIJHUHSUHVHQWDWLRQ

$ PHVVDIJHLVD UHDOO\VLPSOHREMHFW ZLWK D WH[WDQG VHQGHU LGHC(

&ODVV 7&0HVVDJH
‘HGHILQH WKH-EDDMMYW KH S BFEN btleH

H'Vae“8 Aa7'“A1440 Da A-aat e
°EééTE“~qTB°T’A-BTE-éO YEa*sE™eR & & a«UTRTEDRY
“AtaaqtBRet A+BtE.aO YY
“tee" DR O Ya°E -tey
7KHLQVWDQFH YDULDEOHV DUHDV IROORZV
tA-E™M @WKH LGHQWLILHURIWKHVHQGHU
té« &8 WKHPHVVDJHWH[W DQG

ta-0tRtepB FKDUDFWHU WR VHSDUDWH WKHVHQGHUDQG WKH WH[W

$FFHVVRU FUHDWLRQ
‘HFUHDWH WKHIROORZLQJDFFHVVRUYV

[a Aedat e << A<E™eR

k AeE™eR

a A*adt"e << A<E™.BO tEH'%-"8
A*E™eR O8 TEH %+“&

“e << @+ 80 tEH Ye“e
8 tTEH Y&

™
.

™

O —+

~QVWDQFHLQLWLDOLVDWLRQ
(DFKWLPHDQLQVWDOQOEH LI\A FRHWNWRIGLVWQYRNHG :HUHGHILQH WKLV P
VHW WKH VHSDUDWRU<YDOXH WR WKH VWULQJ

a Ataat"e << "E°&°fA° .

ATUB °E°8°tA° +U

a.0tRtéepR O8 Y<YU

1RZZHFUHDWHD FOD V8RB HMKRMBR QRFW® QWLDWH D PHVVDJH D FODVV P
PHWKRG WKDW ZLOO EHH[HFXWHG RQD FODVVDQG QRWRQDQLQVWDQF

I



.« &RQYHUWLQJDPHVVDIJH REMHFWLQWR D VWULQJ

a A«dat e “Atd4 << SRPEO t[-E™R &+ 80 tas &
k 4<A§ E«Q A+E™eRBO T[+E™eRPb &+ 60 tas éb DIRA-AS

7KHPHVWYWDREHAEBHWXUQVY WKHPHVVDJHUHFHLYHU WKLV ZD\ZHHQVXUH\
LVWKHQHZLQVWDQFHDQG QRWeWEKPHNURBHUHWXVWQGHABLWHKRQ LV HTX
WR WKHIROORZLQJ

a Aedat e “Atd8 << SRPEO t[-E™«R &+ 80 tas &

N CEFETE“. A

°"EZétE“s O8 a+A§ E-QU

°EA8TE"s A E™+RO f[+E™eRb &+ 60 ta- éU

k "E&étE"“.

,< &RQYHUWLQJD PHVVDJH REMHFW LQWR D VWULQJ

:HDGG WKH BRW&HRER WUDQVIRUP D PHVVDJH REMHFW LQWR D FKDUDFW }
XVHLVVHQGHU VHSDUDWRU WH[W FUOI ([I»RPS&HH ¥ DIRW Q PKCHMDLAFD O O\ 7 K
LQYRNHG E\WKRBEHWKEELY PHWKRGLVLQYRNHG E\WRROV VXFK DV WK
REMHFWLQVSHFWRU

a A-dat"s << UR°EEHEO t[éR.tE

t[&RTE
CC &+A§ a<E™eRpb CC a-UtRTEDRP
CC &+A§ é« éb CC [ER°E" “RAS

w< %0%XLOGLQJD PHVVDJHIURP D VWULQJ

‘HDOVR GHILQHWZR PHWKRGV WR FUHDWHD PHVVD YW REMREWEI WRP D S(
“-té °a “PPAY

JLUVW ZH FUHD W& W eIRPEHMKRIAD I XS WKHLQVWDQFH YDULDEOHV RIDQL

LOQYRNHG QGlLAN-HAWKLR+A0 SRDE[ER°E"O YDA°U°+R<é°E “-teWKHRPRKH FODVYV

PHWKRBE[éR°EZELFK ZLOO ILUVW FUHDWHWKHLQVWDQFH

a A+dat s << SBRDE[ER°E"O t[&B®
U PEUDP&. t E«dat e SRPE t éé
A cBeEZ A
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<R X DQ WHVW WKHLQVWDQFHPHWKRG& EZ{aWK WieH ERDEORZIEQI H[SUHV VL
YDA°G°+R<&°E “-té °&d “DPAY

Aeddt s “Atdd << SRDE[ER°E"O t[éR°E"

k

R°E"O f[éR°E"P
§

'KHQ\RX H[HFXWH WKH IROORELT J BESHENVELR DA G°+B<8°E “-1& °&
“DPAVRX VKRXOG JHW D PHVVDJH :HDUHQRZUHDG\WR ZRUNRQ WKH VHU

,< SBWDUWLQJZLWK WKH VHUYHU

JRUWKHVHUYHU ZHDUHJRLQJWRGHILQHD FODVVWRPDQDJHDPHVVD
WRU\VEXWLWDOORZV XVWRVHSDUDWHUHVSRQVLELOLWLHYV

W fE



7LQ\&KDW DIXQDQGVPDOO FKDW FOLHQW V

6WRULQJPHVVDJHV

&UHDWH WKNHEFEODVYiVIeQ WKH SDEQINRIKDW 6HUYHU
H'Yie*e a1'“At14840 GJa Acdat eVieie

CEZEtE“sqtR°t ' A+BTE<&a0 YE-.d&at +4Y

“AtaaqtR°t'A+BtE-&a0 VYV

“té+"PR O Ya°E -tépa-Bu-BY
7KH-34t" EQVWDQFH YDULDEOHLVYVDQRUGHUHG FRO@QHAFAMtRQ ZKRVH HO'
$QAHR™eRe™ PAAHBVHEFROOHFWLRQ ZKLFK G\QDPLFDOO\JURZV ZKHQ HOHP
‘HDGGDQLQVWDQFHLQLWLDOL]HPHWKRG VR WKDWHDFKQHZLQVWDQI
a AsdaT eVieis << °E°B°TA° «

AiUR °E°é°tA° «U

Eedadt ed O8 HR™eRe™ PDAA«“E°DE E«GU

%DVLF RSHUDWLRQV RQ PHVVDJH OLVW

‘HVKRXOGEHDEOHWRDGG FOHDUWKHOLVW DQGFRXQW WKHQXPEHU
PHWKR®VYa-é DQG -

[a Asdat eVieis << t™M™O tA-a&T" -

Eedat ea T™™O TA+aat" "

T eVieje << ReZed
«3at +a R<EDPUG AA

/[LVW RIPHVVDJHV IURP D SRVLWLRQ

"KHQ DFOLHQWDVNV WKHVHUYHUDERXW WKHOLVWRIWKHODVW H[FKD
RIWKHODVWPHVVDIJHLWNQRZY 7KHVHUYHUWKHQDQVZHUV WKH OLVYV
GHJ
a A«dat eVieie << A°4E6#RDEO t,E™.
kK itT,E™Me < € tTE™MO & t,E™. C8 E+aaT"+4 4° «
°g§aRi+O & E+aat +a “DU #RPEO t,E™. &PO E
°§#tA&d.0 & @i &

OHVVDJHIRUPDWWLQJ

7KHVHUYHU VKRXOGEHDEOHWRWUDQVIHUD OLVWRIPHVVDJHV WR LW
VLELOLW\WRIRUPDW D OLVWRIPHVVDJHV JIEPREIPO M@-GH -aH GHILQH
#RPEXVLQIJWKHIRUPDWWLQJRIDVLQJOHPHVVDIJHDVIROORZV

a Asdat eVieie << S§DRETEE+™A«HdAT +aA#RDPEO TA<4aT +BIiE'*R

k [ER°E" déR<tE DE&+EGA0 & OSDRETEE«™AdaT «4[6RTE ~
jd*A§ A°Ede#RDEO TA+dat *BiE'*R{
™PpO & OE » SPREfTéé+™A+aat «4[éR«TE CC E UR°EE&[ER°E" &

1RWH KR&Ze®+KH pEe-E®@FHIWYV XV PDQLSXODWHD VWUHDP RI FKDUDFWHUYV

7TKH &KDW VHUYHU

7KHFRUHRIWKHVHUYHULVEDVHGRQWKH 7HDSRW5(67IUDPHZRUN ,W
LQJRIPHVVDIJHYVY ,QDGGLWLRQ WKLY VHUYHUNHHSVDOLVWRIPHVVDJFH



<< 7TKH&KDW VHUYHU

7&6HUYHU FODVV FUHDWLRQ
‘HFUHDWH WK ~AMVWKP\&KDW BRAN ¥ HH

H'Ye“e &i"“Ata80 Ga [RGB
CEAETE“eqtR°T'AeBTEE0 YeetUDE[+RUB EBAT +AVieis¥
“AtaaqtR°t'A+BtE-a0 YV
“tg+"PR O Ya°E -tep[-BG-RY

7KHLQVWDQEHMa P WAMDEBEWHSUHVHQWY WKH OLVW RIUHFHLYHGDQG VHQW
LIHLW OLNH WKLV
a [*RGsR << °E°&°tA° «

di0eR °E°&°tA° U

Eedat eaVieie O8 a Asdat +Visie E«0U

TKHLQVWDQRHIYPYEDIBHHUY WRDQLQVWDQFH RIWKH7HDSRW VHUYHU
XVLQJ WKH°EBMHWKAR GTDR&O

[a [+BG.R << °E°8°tA° «TDREO TE,Eé&+"+RB
g+tUPE[+RUR O8 astUDé& “DE§°"iIR+0O &
@g™.§tiAeHieUié p< @é- U
PGUDRE p< TE,Eé«"+RU
F™TTAD™e p< BRI
éu
é«tUPE[-RU-R a&tREU

7TKH+773 URXWHV DUH GHIR& H&& 3@ /i K AKPUIHHNMHKAIRSSHUDWLRQV DUH GHILQHG
I*(7E-aat -ar*“PiEBHWXUQV WR WKHFOLHQW WKHQXPEHURIPHVVDJHV L
f*(7E.3at".arCc°™0,a,Ee-WKH VHUYHU UHWXUQV PHVVDJHVIURPDQ LQGH
1326FE-dat e Rt™"WKHFOLHQW VHQGVD QHZPHVVDJHWR WKHVHUYHU

a [*BUsR << RB+"°AE-RWDié-a

getUDE[-RU-R

$ a0 YRE+3A1 ~AR"DIEEY p< I[+E™ E-3a1 -0 PE+a4t1 - DIEE 6DO A-A§ib
$ a0 YRE<&&T +4RC°™O &4,E6e"+R<Y p< I[<E™ E+841"+0 GE+441 +44#RBDEO DO 4+A8iP
TH[aO YRE<&&T +&RT™™Y p< ([¢E™ E+8841+0 Ft™M™A441+0 éDO &-AS(

+HUH ZH H[SUHVV WA W WHOHZR WK [HF X W H &4 K &t P-HEV SREQIW K H

VHUYHU LWVHOC® MOH: SEBW VEHBIF DWHY WKDW WKH DUJXPHQW VKRXOG EH
QXPEHUDQG WKDW LW ZLOO EH FRQYHUWHG LQWR DQ LQWHJHU

(UURUKDQGOLQJLV PDQDBdHGLQRWHKM) PEHVEAKANG ZH VHH KRZ ZHFDQ JHW
DQLQVWDQFHaRTW-§BEFEGD VV
a [*RG*R << Re'°déeR RRDR)TE™ARA
g+tUPDE[-RU-R
« “eUB°PEO 9. BDE#DPIE™ p< lastW.aUDE&d. EDE#DPIE™ 'BP™ O YBD &i“- E«dat eYi
BWDUWLQJWKH VHUYHU LV GR{H: 12Q* WiKiH <<@ ONAWHEBIW K R & V WK H 7 &3
SRUW DV DUJXPHQW

*BU*R “Atda << AETREHEO TTDREBIE’'+R

RWDiéeab
°&&°B RRDR)TE™A-REP
*AS§

‘HVKRXOGDOVRRITHUWKH SRVVLELOLWeWRWRFREWKKHWHD S RW V/HKUYRH
DQGHPSWLHVY WKHPHVVDJH OLVW



7LQ\&KDW DIXQDQGVPDOO FKDW FOLHQW V

Upé[-Bu-B aepUU
At eaVieie Bed-eU

a [*Ba*R << &6DPU
RNy
E-a

6LQFH WKHUH LV D FKDQFH WKDW \R X R ®R\GH{ HiE X8 PO W HS S b FAWIVALHR\Q
ZHGHILQH WKH FGPV\WARHWKR® RSV DOO WKH VHUYHUV E\LWHUDWLQJ R"
RIWKHEODME7KH PHWKRGR “Ataa<<aéPWWRSYV HDFK VHUYHU

.« E6HUYHU ORJLF

1RZZHVKRXOG GHILQH WKH ORJLFRIWKMHVAWYWKDW BHVUQHFW WY MW KRG
PHVVDJHIURP WKHUHTXHVW _WDGGVDQHZOXRAYJTHEDIWMB W WKHMVDIH LQV)
OLVWRIPHVVDJHV

a [*RUB << T™M™MA5ET +O tWebiede

Eed&t «&Vieis T™M™QO ja A+d41 > §RDEO itWebicdé 160 BE-E™eRi &+ 60 itWebi-dé 160 Fé- &
7KH PHWK:RG s DiBEAYHV WKH QXPEHU RIUHFHLYHG PHVVDJHV
{a [RGB << E+5at "+ DIE&

k Ecaat eavieis a° «

7KH PHWKERG «+#3DEOYHV WKH OLVW RIPHVVDJHY UHFHLYHG E\WKH VHUYH
VSHFLILHG E\WKHFOLHQW 7KHPHVVDJHV UHWXUQHG WR WKHFOLHQYV
GHILQLWLYHO\D SRLQWWRLPSURYH XVLQJVWULQJLVDSRRUFKRLFH

a [*RUB << E+aat"+a#BDEO R-bi-aé
k E<ddt"+aVieic §SDREt&E-™A<441 " +a#RDEO 1B-Picdé t&0 @°™i

1RZWKHVHUYHULVILQLVKHGDQGZHFDQ WHVW LW )LUVWOHW XV EHJL
[ a[*BUR &ETBEHEO "+ .

1RZZHFDQ YHULI\WKDW LWLV UXQQLQJHLWKHU ZLWKD ZHEEURZVHU )
VLRQDVIROORZV

[JE A°+Eé E-0 IRAO V-66UORRAD“tA-DaEO + -RE-a41 +4B“DIEEY b "e&
6KHOO ORYHUVFDQDOVR XVHWKHFXUO FRPPDQG

[ “iRA -eeUORRAD“tA-D&e0O "+ +RE-aat +aR“DiEe
‘HFDQDOVRDGGDPHVVDJHWKHIROORZLQJ ZD\

JE A°-E& E-0
iBRAO Y-8eUORRADP“tA-DacO "« " «RE+dat «aRT™™MYD
§DRE 60 YA-E™.RY Ui6O YDAG°+BYD
§DRE 60 Yée« &Y UiéeO Y[iUR “PDPA “s &°E “-téY b Ubaé

< »[fTKHFOLHQW

1RZZHFDQ FRQFHQWUDWHRQ WKHFOLHQW SDUW RI7LQ\&KDW :HGHFR
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