*$8+$7, 81,9(56,7<
&HQWUH IRU 'LVWDQFH D

S(HT i.i._in
8QGHU &% &6

O 6F ,7
3DSHU ,1)

&203,/(5 '(6,*1

EROWHQWYV 3DJH
%ORFN

8QLWQWURGXFWLRQ WR &RPSLOHU
8QLW&RPSLOHU 2YHUYLHZ

8QLWLQLWH 6WDWH $XWRPDWRQ DQG 5H
8QLW/HI

8QLW&RQWH[W JUHH *UDPPDUYV
8QLW3DUVH 7UHH DQG $PELJXLW\
8QLWHULYLQJ )LUVW )ROORZ 6HWV
8QLW/RS 'RZQ 3DUVLQJ

S8QLWHRWWRP 8S 3DUVLQJ

8QLW <DFF

%ORFN ,,
8QLWG6\PERO 7DEOH ODQDJHPHQW

8QLW6\QWD[ 'LUHFWHG 7UDQVODWLRQ
8QLW,QWHUPHGLDWH &RGH *HQHUDWLRQ
8QLW5HSUHVHQWLQJ ,QWHUPHGLDWH &R
8QLW 7DUJHW &RGH *HQHUDWRU
8QLW7UDQVIRUPDWLRQ RI %DVLF %ORFN
8QLWB6WUDWHJILHV RI &RGH 2SWLPL]DWLF
8QLW7HFKQLTXHV RI &RGH 2SWLPL]DWLR"

1)

(C



6/0 ' HYHORSPHQW 7HDP

+R' '"HSDUWPHQW RI &RPSXWHU 6FLHQFH *8
BURJUDPPH &RRUGLQDWRU 0 6F ,7 *8&"'2(

3URI 6KLNKDU .U 6DUPD 'HSDUWPHQW RI ,7 *8

‘U .KXUVKLG $ODP %YRUERUD $VVLVWDQW 3URIHVV]
‘U 6ZDSQDQLO *RJRL $VVLVWDQW 3URIHVVRU *8&":
Ouv 3DOODYL 6DLNLD $VVLVWDQW 3URIHVVRU *8&
'U 5LWD &KDNUDERUW\ $VVLVWDQW 3URIHVVRU *8
oOuU +HPDQWD .DOLWD $VVLVWDQW 3URIHVVRU *8&

&ROWULEXWRUV

'U 5LWD &KDNUDEBROWARN 8QLWYV
$VVWW 3URI *8&'2( %ORFN 8QLWYV

'U 1DEDPLWD '"HE %ORFN 8QLW
$VVWW 3URI 'HSW RI ,7 *8

OU &KDQGDQ .DOLWO®RFN 8QLW % ORFN 8QLW
$VVWW 3URI 'HSW RI ,7 *8
'U 3UDQDE 'DV % ORFN 8QLWYV

$VVRFLDWH 3URI
'"HSW RI &RPSXWHU $SSOLFDWLRQV
$VVDP 'RQ %RVFR 8QLYHUVLW\

&RXUVH &RRUGLQDWLRQ

'U '"HEDKDUL 7DOXNGODHFWRU *8&"'2(

3URI $QMDQD .DNR¥WUILRUDIOPEWRERRRUGLQDWRU *8&"'
'"HSW RI|I &RPSXWHU 6FLHQFH * |

'U . KXUVKLG $ODP $WNRMULERMUIIDQW 3URIHVVRU *8&"'2(
'U 6ZDSQDQLO *LRIRMVLVWDQW 3URIHVVRU *8&"'2(
OUV 3DOODYL 6DLNEDVLVWDQW 3URIHVVRU *8&"'2(
‘U 5LWD &KDNUDERSYWALVWDQW 3URIHVVRU *8&"'2(
OU +HPDQWD .DOLWNMVLVWDQW 3URIHVVRU *8&"'2(
OU 'LSDQNDU 6DLNKOGLWRU 6/0 *8&'2(

&ROWHQW (GLWRU

'U ,UDQL +D]DULN®VVLVWDQW 3URIHVVRU
'HSW RI &RPSXWHU 6FLHQFH

*DXKDWL 8QLYHUVLW\

&RYHU 3DJH '"HVLJIQLQJ

%KDVNDU -\RWL *RVZDBI&"2 (
I1LVKDQWD 'DV *8&"'2(

,6% 1
2FWREHU

< &RS\ULJKW E\ *8&'2( $00 ULJKW\VZEBHNHWDWHG UR SSDRIGK RH GV K
VWRUHG LQ D UHWULHYDO V\VWHP\ RQ\WHDQVP IHWOWRA® URQ LIF
PHFKDQLFDO SKRWRFRS\LQJ RU RWKHUZLVH
3XEOLVKHG RQ EHKDOI RI *DXKDW IDQGLYPIONQ W \( & KPR IR B \'
WKH 'LUHFWRU DQG SULQWHG DWWDXKDWL 8QLYHUVLW\ 3UH




8QLW
8QLW
8QLW
8QLW
8QLW
8QLW
8QLW
8QLW
8QLW
8QLW

%/2&.

 QWURGXFWLRQ WR &RPSLOHU
&RPSLOHU 2YHUYLHZ

)LQLWH 6WDWH $XWRPDWRQ DQG 5HJXODU /DQ
IH]

&RQWH[W JUHH *UDPPDUV

3DUVH 7UHH DQG $PELJXLW\

'HULYLQJ )LUVW )ROORZ 6HWV

7RS 'RZQ 3DUVLQJ

%RWWRP 8S 3DUVLQJ

<DFF



81,7
,1752'8&7,21 72 &203,/(5

8QLW 6WUXFWXUH

,OQWURGXFWLRQ

8QLW 2EMHFWLYH

%DVLF 7THUPV DQG 7KHLU 'HILQLWLRQV
$QDO\WVLV B6\QWKHVLY ORGHO RI &RPSLODWLRQ
3KDVHV RI D &RPSLOHU

6XE 3KDVHV Rl &RPSLOHU

6XPPLQJ 8S

$QVZHU WR &KHFN <RXU 3URJUHVV

3RVVLEOH 4XHVWLRQV

5HIHUHQFHYV DQG 6XJJHVWHG 5HDGLQJV

,1752'8&7,21

,Q WKLV XQLW \RX ZLOO OHDUQ WKH EDVLF FRQFHSWYV
FRPSLOHU LV WKH V\VWHP VRIWZDUH@@KDW WUDQVODWH)
D VRXUFH ODQJXDJH LQWR DQ HTXLYDOHQW WDUJHW OD
ODQJXDJHV PD\ EH DQ\ KLJK OHYH® ODKHIXDJH OLNH & &

WDUJHW ODQJXDJH PD\ EH DQ\ SURIWMHPPLQJ ODQJXDJH F
ODQJXDJH 7KHUHIRUH FRPSLOHUFEWM®EDWLFDOO\ D WUDQ
SURJUDPV ZULWWHQ LQ KLIJK OHYHO ODQJXDJH DQG WUI
PDFKLQH ODQJXDJH HTXLYDOHQW SURJUDPV VR WKDW WK
7TKH RXWSXW FRGH SURGXFHG E\ WKH FRPSLOHU LV WHU]I
FRGH $SDUW IURP WUDQVODWLRQ FRPSLOHU DOVR SURG
LI WKH SURJUDP GRHV QRW DELGH E\ WKH ODQJXDJH VS
PXVW KDYH OHDUQW WR ZULWH SURJBERPV LQ KLJK OHYHC
NQRZ ZKDW DFWXDOO\ KDSSHQV LQVLGH WKH FRPSXWHU

WKHVH SURJUDPV" +HUH WKH UROH RI D FRPSLOHU FRP
SDVVHV WKURXJK GLIITHUHQW SKDVHV DQG ILQDOO\ LW
HTXLYDOHQW WR ZKDW \RX KDYH ZULWWHQ 7KLV LV ZK
HTXLYDOHQW REMHFW FRGH LV 7KLV FRGH LV PDFKLQF



FDUULHV RXW WKH LQWHQGHG LQVWUXFWLRQ\
FRPSXWDWLRQ )XUWKHU \RX ZLOO JHW WR C
ZRUN WRIJHWKHU ZKDW WKHLU IXQFWLRQDOLW
IRUP WKH GHVLUHG RXWSXW

81,7 2%-(&7,9(
$IWHU JRLQJ WKURXJK WKLV XQLW \RX ZLOO E

X '"HILQH FRPSOLHU

x 8QGHUVWDQG WKH GLITHUHQW W\SHV RI FR
x .QRZ VRPH EDVLF FRQFHSWYV RI FRPSLOHUYV
x .QRZ KRZ HDFK SKDVHV RI D FRPSLOHU ZRU

%$6,& 7(506 $1' 7+(,5 '(),1,7,216

3DVV RI D RRRFPSIICHUNLRQ LV D FRPSOH[ SUI
LQWR GLIITHUHQW FKXQNV RU SKDVHV 7KHVH ¥
FRPSLOHU 7KLV SURFHVV LQYROYHV QRW RQC
FRGHV EXW DOVR LQFOXGH VHYHUDO RWKHU
DVVHPEOLQJ OLQNLQJ DQG ORDGLQJ HWF

6LQJOH SDVVKARP SIOHHFRPSLOHU SDVVHV W
FRPSLODWLRQ XQLW RU FKXQN H[DFWO\ RQFH
SDVV FRPSLOHU 7KH SURJUDPPLQJ ODQJXDJH!'
HWF IDOO LQWR WKLV FDWHJRU\ 6LONMH SDVV
RI SURGXFLQJ PDFKLQH FRGH IDVWHU EHLQJ
SURJUDPV DQG PHPRU\ UHTXLUHPHQW

Source Code

Code Optimization
Code Generation

Assembly Code/ Machine Code

)LJ 6LQJOH SDVV FRPSLOHU



OXOWL SDVVIKRESWRHWRPSLOHU SDVVHV WKH VRXUFH F
WKURXJK VHYHUDO LQWHUPHGLDWH SDVVHV GXULQJ FRP
FDOOHG PXOWL SDVV FRPSLOHU (DFK SDVV WDNHV WK
SUHYLRXV SDVV DV LQSXW DQG SURGXFHV VRPH LQWHL
SURJUDPPLQJ ODQJXDJH OLNH & WD /LVS HWF XVH
FRPSLOHU W ZRUNV ZHOO ZLWK FRPSOH[ SURJUDPPLQ
6LQFH PXOWLSOH SDVVHV SURGXFH PRUH RSWLPL]HG
JHQHUDWLRQ LV EHWWHU WKDQ VLQJOH SDVV

Source Code
Lexical Analysis

Syntax Analysis

E Semantic Analysis

[l intermediate Code Gen

Code Optimization

Code Generation

Assembly Code/ Machine Code

)LJ $ SDVV FRPSLOHU

,(QWHUSWHWHNOVR D NLQG RI FRPSLOHU ZKLFK WUDQVOI
SURJUDP ZULWWHQ LQ KLJK OHYHO ODQJXDJH LQWR FRUU
FRGH 7KH RQO\ GLIITHUHQFH LV WKDW FRPSLOHU FRQYHU\
LOQOWR HTXLYDOHQW WDUJHW FRGH +RZHYHU LQWHUSUHW
VWDWHPHQW ZLVH DQG WKHQ JHQHUDWHY WKH PDFKLQH +
WKH VRXUFH 3URJUDPPLQJ ODQJXDJHV OLNH 3\WKRQ 5XE
-DYD6FULSW XVH LQWHUSUHWHUYV

$VVHPBQHDVVHPEOHU LV V\VWHP VRIWZDUH WKDW LQYV
SURJUDP ZULWWHQ LQ DVVHPEO\ ODQJXDJH LQWR UHOR
ODQJXDJH $Q DVVHPEO\ ODQJXDJH LV D ORZ OHYHO SUI
VI\PEROLFDOO\ FRGHG LQVWUXFWLRQV $VVHPEOHU ZRUN
DVVHPEO\ ODQJXDJH LQVWUXFWLRQV LQWR REMHFW FRGF
DOVR EH VLQJOH SDVV RU PXOWL SDVV
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$ FRPSLOHU LV EDVLFDOO\ D BBBBBBBBBBBBB
$SDUW IURP WUDQVODWLRQ FRPSLOHU DOVR SURGXFH
KHQ GRHV D FRPSLOHU SURGXFH HUURU PHVVDJHV"




&RPSLODWLRQ LV D FRPSOH[ SURFHVV EUR
ULWH GRZQ VRPH DGYDQWDJHV RI D VLQJC
$Q BBBBBBB VFDQV WKH SURJUDP| VWDWHPI
$Q DVVHPEOHU LQWHUSUHWY D SURJUDP ZI
ODQJXDJH LQWR BB PDFKLQH ODQJXDJH

$1$/<6,6 6<17+(6,6 02'(/ 2) &203,/$7,21

7KH SURFHVV RI FRPSLODWLRQ LV PDLQO\ GLY
$QDO\WLYV DQG 6\QWKHVLV

$QDO\WLV7EKDDADO\VLY SKDVH RI D FRPS
GHDOV ZLWK DQDO\|LQJ FRGHV RI D SURJUD
SHUIRUPV WKH VFDQQLQJ RI FRGH FKHFNV ZKF
WKH UXOHV RU V\QWD[ RI WKH ODQJXDJH 7KLV
DFFXUDWH DQG HIILFLHQW LQWH UPHGRWWGE D Q
RQFH DQDO\VLY SKDVH FRUUHFWO\Q®HEGI RUPV
DQG FKHFNHG LI WKHUH LV DQ\ OH[LFDO HL
VXFFHVVIXO FRGHV DUH FKHFNHG IRU VI\QWDF'
FRQIRUP VXFFHVVIXO JHQHUDWLRQ RI SDUVH
PHVVDJHVY DUH JHQHUDWHG 6XFFHVVIXO V\Q\
DOVR OHDG WR SHUIRUPLQJ WKH VHPDQWLF |
VHPDQWLF UHSUHVHQWDWLRQ PDLQO\ W\SH F
IURP WKHVH WKLV SKDVH LV PDLQOROHVSRQV
WDEOH ,W LV WKDW SDUW ZKLFK PWILQO\ GHD
SKDVHV Rl FRPSLODWLRQ

6\QWKHVLVKHKDNGWKHVLY SDUW LV UHV.
SURFHVVLQJ WKH WDUJHW FRGH 7KH RXWSXW
E\ WKLV SKDVH *HQHUDOO\ WKLV SRUWLRQ C
ODQJXDJH DQG PDLQO\ GHDOV ZLWK HIILFLHGQ
)LQDOO\ JHQHUDWLRQ RI WDUJHW FRGHV LV
SKDVH 6\QWKHVLVY SKDVH PDLQO\ GHDOV ZLWK

3+$6(6 2) $ &203,/(5

$V DOUHDG\ PHQWLRQHG D FRPSLOHU RSHUD!'
WUDQVIRUPVY D VRXUFH SURJUDP IURP RQH UH
(DFK SKDVH GRHV XQLTXH RSHUDWLRQV RQ W
LOQWR VRPH LQWHUPHGLDWH UHSUHVHQWDWLR
JRHV WR WKH QH[W SKDVH DQG DJDLQ WKH WL
RWKHU VXE SKDVHV DOVR RFFXU GXULQJ FR



PDQDIJHPHQW DQG HUURU KDQGOLQJ 7KHVH WZR VXE SKD
DOO WKH SKDVHV RI WKH FRPSLOHU

7KH SURFHVV Rl FRPSLODWLRQ PDLQO\ LV GLYLGHG LQWR
7KH\ DUH OH[LFDO DQDO\VLV V\QWD[ DQDO\VLV VHPD
LQWHUPHGLDWH FRGH JHQHUDWLRQ FRGH RSWLPL]DV
JHQHUDWLRQ

/H[LFDO $QDO\VLV RU VFDQQLQJ

/IH[LFDO DQDO\VLV RU VFDQQLQJ LV WKH ILUVW SKDVH R
SKDVH UHDGV WKH VHTXHQFH RI FKDUDFWHUV RI WKH VF
ILQGYV WKH PHDQLQJIXO VWULQJYV RIGKDUDFWHUYV 7KHVFE
OH[HPHY DQG EDVHG %DVHG RQ LWV PHDQLQJ OH[HPHYV
LQRWR VRPH FDWHJRULHV 7KXV D OH[HPH FDQ EH LGHQWL
LGHQWLILHU QXPEHU RSHUDWRU SXQFWXDWLRQ FKI
FRPPHQWY RU ZKLWH VSDFHV ,GHQWRIILHUVY DUH WKH DU
OHWWHUV QXPEHUV RU VRPH VSHFLDO FKDUDFWHUV ,QV
YDOXHV IUDFWLRQV DQG ELQDU\ RFWDO RU KH[DGHFLPD
WKH QXPEHUV

(DFK OH[HPH LV UHSUHVHQWH® RNHQ QDPWRNHQ RI IRUF
DWWULEXWHHUMDRMHQ QWPI®Q DEVWUDFW V\PERO
UHSUHVHQWLQJ WXWMWQOHEXMWHHXYBI@XMWR SURYLGH
DGGLWLRQDO LQIRUPDWLRQ\DERXWXMWHKH DH{HPH 7KLV
RSWLRQDO $OVR VXSSRVH WKHUH DUH WZR OH[HPHV
OH[HPHV DUH IDOOR 3U IWRRUF BAR N HROW\ IRU WKH
OH[HPHV DQG23 FIQO@&B /{ UHVSHFWLYHO\ )RU

ERWK WKMWRMNRIQHQDPHDPHE3LBHFDXVH ERWK WKH
OH[HPHV IDOOV L QR\SRH YV D®HE BEDWIN RBNSUHVHQWHG XVLQJ
DEVWUDF®3 VIXER ORU ERWK WKH WRNHQV WKH DWWULE X
DUH QRW VDPH EHFDXVH DQG DUH GLIIHUHQW RSHU
GHQRWHV DWWULEXWH YDOXH IRU WKH RSHUDWRU L F
GHQRWHV DWWULEXWH YDOXH IRU WKH RSHUDWRU L
$JDLQ VXSSRVH WKHUH DUH DQRGK®GE WZR OH[HPHV QL
SRWZKLFK UHSUHVHQWY LGHQWRGGIWRV7KHQ WKH WRNHQ
FDQ EB! DQGG! +HWBUHSUHVHQWY DEVWUDFW V\PERO IRL
LGHQVWIOIBMWULEXWBQM OXHNSUHVHQW WKH FRUUHVSRQGL
VIPERO WDEOH HQWULBG®RIR WK MSHEMQWHQ\HUV

7KHVH VIPERO WDEOH HQWULHY KROG WKH LQIRUPDWLRQ
L H W\SH VL]H VFRSH HWF ,Q FDVMWRI\ RSHUDWRU WKLV
LV QRW UHTXLUHG DV WKH RSHUDWRU KDV QR RWKHU DW



FDWHJRU\ 7KXV LWV FDWHJRU\DWWULEXWH
YDOXH

Source Program

Lexical Analysis

Syntax Analysis
Semantic Analysis

management
Intermediate Code

\ Generator
Code Optimizer

Symbol-table Error

Handler

Code Generator

Target Program

JLS - T 3KDVHV RI FRPSLODWLRQ
JRU LOQVWDQFH FRQVLG

YRLG PDLQ

N

LQW D E

D

SULQWI 37KH YDOXH RI DLV G’ D

7KLY FRGH FIROORZLQJ OH[HPHYV

HYRWEPDLQYT p 1 pT o prT T DQwR Tuba g f THE
HSULRWIS7KH YDOXH RI D IV pGY p T uDY u

+HUH
YRLG PDLQ | H\ZF
A | 6SHFLDO
LQW SULQWI | H\ZF
D E | ,GHQ
I 1XPEHU
| 6HSD

37KH YDOXH RI D LV G’ ' 'LWHUDO



7KH OH[HU SURJUDP L H OH[LFDO DQDO\]HU WULHV WR C
I[URP WKH LQSXW FRGH DQG IRU HDFK OH[HPH FRUUHVSRQ
JHQHUDWHG 7KHVH WRNHQV DUH SDVVHG WR WKH SDUVL
JHQHUDWH WKH JUDPPDWLFDO VWUXFWXUH IURP WKH

HOHPHQWY OLNH ZKLWH VSDFHV DUH HOLPLQDWHG GXUL
HIFOXGHG IURP WKH WRNHQ FRXQWGHBLPLODUO\ WKH VW
GRXEOH LQYHUWHG FRPPD DUH DOZD\V FRQVLGHUHG DV D

6\QWD[ $QDO\VLV RU 3DUVLQJ

2QH RI WKH PRVW LPSRUWDQW SKDVHV RI FRPSLODWLRQ .
WKH V\QWD[ UHODWHG DQDO\VLV RI WKH FRGH W FKH
VWDWHPHQWY DQG H[SUHVVLRQV FRQIRUP WR WKH UXOH
IRU WKH ODQJXDJH DV ZHOO DV ZKHWKHU WKH\ DUH FF
3DUVLQJ FDQ EHJLQ RQFH VFDQQLQFDWY VXFFHVVIXO DQG
HUURU ,W WDNHV WKH WRNHQV IURRSWKH OH[LFDO DQD
WKHP DQG WULHV WR FRQVWUXFW JBDOGPDWLFDO SKUDVH!
SKUDVHVY DUH ODWHU UHSUHVHQWHG®B&Q WHUPV RI JUDSK
WKH SDUVH WUHHYV 3DUVLQJ LV XVHEG @WR GHWHUPLQH LI
EH JHQHUDWHG E\ D VHW RI JUDPPDU UXOHV 7KH JUDP
UHSUHVHQWHG LQ WHUPV RI &RQWH[W )UHH *UDPPDUV &
VXFFHVVIXO LI WKH VWULQJ LV DRKHIWHUGDE\ &)* HOVH ZF
VIQWD[ HUURU 3DUVLQJ IDOOV LQWR WZR FODVVHV WR
XS KHQ SDUVLQJ EHJLQV IURP WKH URRW DQG SURFHH
OHDYHV LW LV WHUPHG DV WRS GREXSDUVLQJ $OWHUQI
SDUVLQJ FRQVWUXFWLRQ EHJLQV DW WKH OHDYHV DQG !
URRW

BHPDQWLF $QDO\VLV

2QFH D SURJUDP LV VXFFHVVIXOO\ RDWUVHG LW LV FKHFN
RI VHPDQWLF HUURUV DQG JDWKHULQJ RI W\SH LQIRUF
QHFHVVDU\ IRU VXEVHTXHQW SKDVHV RI FRGH JHQHUDW
KLHUDUFKLFDO VWUXFWXUH JHQHUDWHG E\ V\QWD[ DQ
LGHQWLILHY WKH RSHUDWRUY DQG RSHUDQGV RI H[SUHV\
7KH IXQFWLRQ RI VHPDQWLF DQDO\VLV SKDVH LV W\SH F
RXW WKH W\SH Rl HDFK LGHQWLILHU DQG DOVR FKHFNV Z}
KDV RSHUDQGYV SHUPLWWHG E\ WKH VRXUFH ODQJXDJH V
IRU H[DPSOH DQ DUUD\ LQ & ODQJXDJH FDQQRW FRQWDLC
LWV LQGH[ 6RPHWLPHV VLWXDWLRQ PD\ KDSSHQ ZKHQ D
DGGV DQ LQWHJIJHU DQG D IORDWLQJ SRLQW QXPEHU

VRPHWLPHV FRQYHUWVY WKH LQWHJHU LQWR IORDWLQJ S



WKHQ SHUIRUPV WKH DULWKPHWLF 'XULQJ W\S
LGHQWLILHU PXVW EH GHWHUPLQHG (DFK YDL
VWRUDJH D JOREDO YDULDEOH RU D IXQFWLF
GHILQLWLRQ LV VWRUHG LQ V\PERO WDEOH 1
VROYH WKH SUREOHP RI YDULDEOH UHIHUHQFL
WDEOH 6HPDQWLF DQDO\VLV DOVRUUHDDOV ZLYV
RU EDG SRLQWHU WUDYHUVDO

JRU HIDPSOH FRQVLGHU WKH IROORZLQJ & FRCG

YRLG PDLQ
N
IORDW D E
D E
SULQWI 37KH YDOXH RI D LV 1 D

7KH VHPDQWLF DQDO\JHU ZLOO ILQGLBQV\SH P/
D E %YRWK D DQG E DUH IORDWLQJ SRLQ\
LOWHJHU 7KHUH LV D GLIIHUHQFH EHWZHHQ
DOORFDWLRQ DV LQWHJHUV UHTXLUH OHVV VS|
E\ FDQ FRPSHQVDWH WKLV PLVPDWFK 7KH
ZRXOG EH D E

, QWHUPHGLDWH &RGH *HQHUDWRU

6RPH FRPSLOHUV JHQHUDWH DQ H[SRLFLW LQV
WKH VRXUFH SURJUDP 7KLV UHSUHVHQWDWLRC
HDV\ WR WUDQVODWH LQWR WWUVWWXFRMXH H, \R
WKH VRXUFH ODQJXDJH ZKLFK IDFLOLWDWHYV
wWDUJHW FRGH JHQHUDWLRQ 6RPHWLPHV W
JHQHUDWHG LQ WHUPV RI S\ WKUHH DGGUHVV FF
LV D VHTXHQFH RI LQVWUXFWLRQV IXKLFK LV (
ZLWK HYHU\ PHPRU\ ORFDWLRQ ZRUNLQJ OLNH

&RQVLGHU WKH VWDWHPHQW D E , Q
UHSUHVHQWDWLRQ LW ZLOO EH UHSUHVHQWHOC
W IORDW
w LG W
LG w

7TKHUH DUH GLITHUHQW DSSURDFKHV WR LQWHU



X $QSEVWUDFW 6\QWD[ZKULHFEK LW ANVLPSO\ D WUHH
OLNH VWUXFWXUH ZLWKRXW PXFK RI WKH RSWLPL]D
SRVW RUGHU WUDYHUVDO RI WKH $67 DW HDFK QR
JHQHUDWLQJ WKH DVVHPEO\ OHYHO FRGH

X $'LUHFWHG $F\FOLF VDSKLPESOLILHG YHUVLRQ RI
$67 1RGHV DUH JUHDWO\ VLPSOLILHG E\ HOLPLQD
FRPPRQ VXE H[SUHVVLRQ 7KH YDOXHV RI '$*V GR QRYV
DV FRPPRQ VXE H[SUHVVLRQV FDQ EH HYDOXDWHG L
+RZHYHU WKLY DVVXPSWLRQ GRHV QRW KROG LQ
FRQGLWLRQDO VWUXFWXUHV OLNH LI RU VZLWFK R
OLNH IRU ZKLOH DV UHSHDWHG VWDWHPHQWY PD\ F
WKH YDOXHYV

&RGH 2SWLPL]DWLRQ

2QH RI WKH PRVW LPSRUWDQW SKDVHV Rl FRPSLODW
RSWLPL]DWLRQ 7KLV SKDVH DWWHPSWV WR LPSURYH WK
$ FRQVLGHUDEOH DPRXQW Rl FRPSLOHU WLPH LV VSHQW
IDVWHU UXQQLQJ PDFKLQH FRGH 7KH WUDQVIRUPDWLRQ
VXFK D PDQQHU WKDW LW SUHVHUYHV WKH PHDQLQJ RI V
LPSURYLVDWLRQ DOVR VSHHGV XS WKH SURJUDP E\ D FRQ
ZKLFK LQ WXUQ LPSURYHV WKH UXQQLQJ WLPH RI W
2SWLPL]DWLRQ PD\ RFFXU ZLWK RU ZLWKRXW IORZ FRQW
RSWLPL]DWLRQ PD\ KDSSHQ LQ D VWWOBLIKW OLQH VHTXH{
EORFN 7KLV WHFKQLTXH ZKHUH QR IORZ FRQWURO LV UH
ORFDO RSWLPL]DWLRQ 6RPHWLPHV LEKIDQJHY PD\ WDNH S
ERG\ RI D IXQFWLRQ RU SURFHGXUH 7KLV LV JOREDO RS
IORZ FRQWURO LV D PXVW +HUH WWR RSWLPL]DWLRQ L
VRPH H[WHQW

JRU LQVWDQFH RSWLPL]JHG FRGH VWDWHPHQW RI WKH W
PHOQWLRQHG LQ 6HFWLRQ ZRXOG EH DV IROORZV

LG LG

7KLYV UHSUHVHQWDWLRQ LV FRQVLGHUHG WR EH HIILFLHQ
UHTXLUHPHQW DV ZHOO DV &38 HI[HFXWLRQ WLPH

&RGH *HQHUDWLRQ

7KH ILQDO SKDVH RI FRPSLODWLRQ LV FRGH JHQHUDWLF
RSWLPLIJHG FRGH IURP WKH SUHYLRXV VWDJH DQG SURG
PDFKLQH FRGH 7KH WDUJHW FRGH FRQVLVWYVY RI DEVROX



UHORFDWDEOH PDFKLQH FRGH RU DVVHPEO\ FI
LOQFOXGHV WUDQVODWLRQ RI LQWHUPHGLDWH
$EVROXWH PDFKLQH FRGH KDV WKH WGYDQWD
IL[HG ORFDWLRQ LQ PHPRU\ 7KH\ FDQ EH H[HF
WKH\ DUH SURGXFHG 7KH UHORFDWDEOH PDFK
QHHG WR EH OLQNHG WRJHWKHU DQG WKHQ OF
FRQVLGHUDEOH DPRXQW RI WLPH LV FRQVXPHC
WKH VXE SURJUDPV WKH\ KDYH WKH DGYDQYV
VHSDUDWHO\ 7KLV SURYLGHV D JUHDW GHDO R

7KH EHQHILW RI DVVHPEO\ FRGH LV HDV\ JH
LQVWUXFWLRQV %DVHG RQ WKHVH V\PEROLF
JHQHUDWHYV FRUUHVSRQGLQJ PDFKLQH FRGHYV
RSWLPL]DWLRQ SKDVH FDQ EH UHSUHVHQWHG [

029) LG 5
08/) 5
029) 5 LG

) VLIQLILHVY WKDW WKH VWDWHPHQWY GHDO ZL

&+(&. <285 352*5(66

7TKH FRPSLODWLRQ SURFHVV LV PI
BBBBBBB SKDVHYV

'XULQJ VHPDQWLF DQDO\VLY BBBB
7TDUIJHW FRGH LV SURGXFHG GXUL
7ZR RWKHU VXE SKDVHV DOVR RFH
BBEBBBBBDQG BBBBBB

:KDW LV OH[HPH"

BBBBBB DUH SDVVHG WR WKH SDU
WKH JUDPPDWLFDO VWUXFWXUH IH
7KH JUDSKLFDO VWUXFWXUH UHSU
SKDVH LV FDOOHG BBBBBB

7KH JUDPPDU UXOHYVY DUH UHSUHYV
BBEBBBBBBBBBB
,Q ERWWRP XS SDUVLQJ FRQVWU)

SURFHHGV WRZDUGV WKHBBBBBBB
5XOHV KDYH BBBBBBBBBBBBBBBBD
FRPELQDWLRQ RI BBBBBBBBBBBB |
'XULQJ BBBBBBBBBBB BBBBBBBBBHE

DLQO\ GLYL

BBBBB BBB
QJ BBBBBBE
XU GXULQJ

VLQJ SKDVI
RUP WKH FR
HVHQWHG

HQWHG LQ

(FWLRQ EH.
B
W LWV OHI
3BBBBBBBB
BBBB WKH
1 G

LGHQWLILHU PXVW EH GHWHUPLQH




:KDW DUH WKH DSSURDFKHV WR HJQWHUPHGLDWH UHSL
&RGH RSWLPL]DWLRQ SKDVH DWWHPSWV WR LPSURYH
LOWHUPHGLDWH FRGH 6WDWH ZKHKHWKHU WUXH RU IDC
2SWLPL]DWLRQ PD\ RFFXU ZLWK RU ZLWKRXW IORZ FR
ZKHWKHU WUXH RU IDOVH
KDW LV WKH DGYDQWDJH RI DEVROXWH PDFKLQH FRG

68% 3+$6(6 2) &203,/(5

W LV DOUHDG\ PHQWLRQHG LQ B6HFWLRQ yLJ W K D
FRPSLODWLRQ LQWHUDFWV ZLWK WZR VXE SKDVHV QDPF
PDQDJHPHQW DQG HUURU KDQGOHU

6\PERO 7DEOH ODQDJHPHQW

'XULQJ SURJUDP GHYHORSPHQW YDULDEOH IXQFWLRC
GHFODUHG 7KHVH DUH FDOOHG LGHQWLILHUV .HHSLQJ W
ZHOO DV WKH DWWULEXWHV RI WKHVH LGHQWLILHUV LV
DWWULEXWHY PD\ LQFOXGH WKH WMBHLDQG VL]H RI WKH
VFRSH DQG LQ FDVH RI SURFHGXUH FDOOV WKHLU QDPH
W\SHV RI DUJXPHQWY DQG DOVR WKHLU UHWXUQ W\SH 7t}
WR EH UHFRUGHG VRPHZKHUH VR WKDW WKHLU LQIRUPDW
ZKHQ FRPSLODWLRQ SURFHHGV $ V\PERO WDEOH LV D
ZKLFK VWRUHV WKH UHFRUGV RI HDFK LGHQWLILHU GHFC
'XULQJ OH[LFDO DQDO\VLV RU VFDQQLQJ SKDVH WKH
DQDO\]JHU GHWHUPLQHV WKH LGHQWLILHUV 7KHVH LGHQ
LQWR WKH V\PERO WDEOH +RZHYHU WKH DWWULEXW!]
GHWHUPLQHG 7KH UHPDLQLQJ SKDVHV HQWHU LQIRUPD)
LGHQWLILHUV LQWR WKH V\PERO WDEOH /LNH IRU H[DP:
DQDO\VLYV SKDVH UHTXLUHV W\SH LQIRUPDWLRQ RI WKH L
WDEOH LV LQGH[HG E\ WKH QDPH Bl WKH LGHQWLILHU D
VKRXOG EH SUHVHQW LQVLGH WKH PDLQ PHPRU\ WKL
FRPSLODWLRQ SURFHVV EHFDXVH LMHUMWFFHVVHG HYHU\
UHIHUHQFHG )RU H[DPSOH WKH & VWDWHPHQWYV

LQW [

IORDW \

FKDU ] DY
'XULQJ WRNHQL]DWLRQ WKH OH[LPD®HMIDO\|HU GHWHFW
[ \ DQG ] DV LGHQWLILHUV 7KH LQIRUPDWLRQ DERXW WK
VIPERO WDEOH DV IROORZV



7TDEOHQVWDQFH RI D VIPERO WDEOH IRU Y

6\PEROBLD.RRG 7\[SH 6FRSH
[ YDUY LQW IRFDO
\ YDUY IORDW IRFDO
YDU HKDU IRFDO

$JDLQ FRQVLGHU WKH IROORZLQJ VWDWHPHQW
YRLG VXP LQW [ LQW \

7KLY VWDWHPHQW KDW X\PRON MIQH W.IGRH® W@ DIR H U

ZKLFK KDV WZR LQWHJHU DUJXPHQWV [ DQG \ |

WDEOH FRQWDLQV WKH LQIRUPDWLRQ RI WKH |

WKH IROORZLQJ PDQQHU

7TDEOHQVWDQFH RI D VIPERO WDEOH IRU |

6\PEROBLDPH. QG 7\SH
VXP I XQ LOQW ! YRLG

7TDEOHQVWDQFH RI D VIPERO WDEOH IRU D

6\PEROBILDPH. QG 7\SH
[ DUJ L QW
\ DUJ L QW

7KLV zZzD\ VIPERO WDEOHV DUH FRQVWUXFWHG
GHFODUDWLRQV

(UURU +DQGOHU
$Q LQWHJUDO SDUW RI FRPSLODWLRQ SURFHYV
(DFK SKDVH PD\ HQFRXQWHU HUURUV ,W PXVV
HUURU VR WKDW FRPSLODWLRQ FDQ SURFHHG
WKH VFDQQHU LV XQDEOH WR GHWHUPLQH WR
HUURUV GR QRW KDSSHQ LI D VWULQJ RI WRN
JUDPPDU ,I WKH\ YLRODWH WKH V\QRMHD[ UXOHV
ORVW RI WKH HUURUV DUH KDQGOHG LQ V\QV
SKDVHV $Q (UURU KDQGOHU PXVW EH DEOH V
GHWHFWHG UHSRUWLQJ VKRXOG EH GRQH DQG
DUH HPSOR\HG :H VKDOO GLVFXVV DERXW HL
ODWHU RQ (UURUV PD\ EH GHWHFWHG GXULQJ
RFFXUV (UURUV RI VXFK NLQG PD\ EH V\QWDJ F
H[LVWHQW ILOH HWF 7KH\ SUHYHQW WKH SUR
6XFK HUURUV DUH FDOOHG FRPSLOHEWLPH HUL
GHWHFWHG ZKHQ WKH SURJUDP LV H[HFXWHG



LQYDOLG GDWD LQSXWV RU QRQ H[LVWHQW PHPRU\ PD\ E
SURJUDP 6RPHWLPHV WKH SURJUDP PD\ H[SHULHQFH OD]I
PHPRU\ WR UXQ D SURJUDP 6XFK HUURUV DUH WHUPHG D"
(UURUV PD\ EH ORJLFDO ZKLFK PD\ RFFXU ZKHQ WKH FRG
7KH SURJUDP SURGXFHV XQGHVLUHG RXWSXW LI HUURUV
ORJLF GHYHORSPHQW

6800,1* 83

X $ FRPSLOHU LV WKH V\WVWHP VRIWZDUH WKDW WUDQV
ZULWWHQ LQ D VRXUFH ODQJXDJH LQWR DQ HTXLY
ODQJXDJH 7KH RXWSXW FRGH SURGXFHG E\ WKH F
WHUPHG DV WKH REMHFW FRGH

X &RPSLODWLRQ LV D FRPSOH[ SURFHVV EURNHQ LQV
FKXQNV RU SKDVHV 7KHVH FKXQNV DUH FDOOHG
FRPSLOHU

X :KHQ WKH FRPSLOHU SDVVHV WKURXJK HDFK FRPSLOLI
FKXQN H[DFWO\ RQFH LW LV WHUPHG DV WKH VLQJO}
'KHQ WKH FRPSLOHU SDVVHV WKH VRXUFH FRGH WKL
LQWHUPHGLDWH SDVVHV GXULQJ FRPSLODWLRQ SUR
PXOWL SDVV FRPSLOHU

Xx 7TKH FRPSLOHU FRQYHUWY D VRXUFH FRGH LQWR HTX
FRGH $Q LQWHUSUHWHU VFDQV WKH SURJUDP VWDW
WKHQ JHQHUDWHY WKH PDFKLQH H[HFXWDEOH IRUPD\
$Q DVVHPEOHU LQWHUSUHWY D SURJUDP ZULWWHQ
ODQJXDJH LQWR UHORFDWDEOH PDFKLQH ODQJXDJH

x 7TKH DQDO\VLV SKDVH RI D FRPSLOHU PDLQO\ GHEL
DQDO\]LQJ FRGHV LQ WHUPV RI VFDQQLQJ RU GRLQJ
SURJUDP 7KH VI\QWKHVLV SDUW LV UHVSRQVLEOH IRL
WDUJHW FRGH

x 7KH SURFHVV Rl FRPSLODWLRQ PDLQO\ LV GLYLGHG L
SKDVHV 7KH\ DUH OH[LFDO DQDO\VLV V\QWD[ DQDO
DQDO\WLVY LQWHUPHGLDWH FRGH JHQHUDWLRQ FRG
DQG FRGH JHQHUDWLRQ

Xx 7KH OH[LFDO DQDO\VLV SKDVH UHDGV WKH FKDUDFWFL
SURJUDP DQG JURXSV WKHP LQWR WRNHQV $ WRNH
NH\ZRUG LGHQWLILHU QXPEHUV RSHUDWRUV S
FKDUDFWHU VWULQJVY FRPPHQWVY RU ZKLWH VSDFHV
RI FKDUDFWHUV IRUPLQJ D WRNHQ LV FDOOHG DV OH
LWHP



X 6\QWD[ DQDO\VLV SKDVH FKHFNV ZKHWKHU
WKH UXOHV RU V\QWD[ GHILQHG IRU WKH
WRNHQV IURP WKH OH[LFDO DQDO\VLV SKD
WR FRQVWUXFW JUDPPDWLFDO SKUDVHYV

X 'XULQJ VHPDQWLF DQDO\VLV D SURJUDF
JHQHUDWLRQ RI VHPDQWLF HUURUV DQC
LQIRUPDWLRQ

X 6RPH FRPSLOHUV JHQHUDWH DQ H[SOLFLW
SURGXFH DQG HDV\ WR WUDQVODWH UHSL
SURJUDP ,W LV OLNH WKH DEVWUDFW V
ODQJXDJH ZKLFK IDFLOLWDWHY HIILFLHQW
FRGH JHQHUDWLRQ 6RPHWLPHY LQWHUPH
LQ WHUPV RI *WKUHH DGGUHVV FRGH"’

Xx &RGH 2SWLPL]DWLRQ SKDVH DWWHPSWYV
LQWHUPHGLDWH FRGH $ FRQVLGHUDEOH O
LV VSHQW LQ JHQHUDWLQJ D IDVWHU UXQ(¢
2SWLPL]DWLRQ PD\ EH ORFDO RU JOREDO
&RGH JHQHUDWLRQ SKDVH DFFHSWV WKH F
SUHYLRXV VWDJH DQG SURGXFHV H[HFXWD
WDUJHW FRGH FRQVLVWV RI DEVROXWH P
PDFKLQH FRGH RU DVVHPEO\ FRGH

$ VIPERO WDEOH LV D GDWD VWUXFWXUH Z
HDFK LGHQWLILHU GHFODUHG LQ D SURJU
LQFOXGH WKH W\SH DQG VL]H Rl WKH LGHQ
FDVH Rl SURFHGXUH FDOOV WKHLU QDPHV
DUJXPHQWY DQG DOVR WKHLU UHWXUQ W\S
(DFK SKDVH Rl FRPSLODWLRQ PXVW EH DE!
(UURUV PD\ EH FRPSLOH WLPH UXQ WLPH F

$16:(5 72 &+(&. <285 352*5(66

WUDQVODWRU

HUURU PHVVDJHV

$ FRPSLOHU SURGXFHVY DQ HUURU PHVVDJH

DELGH E\ WKH VSHFLILFDWLRQ RI WKH ODQ

&EKXQNV RU SKDVHYV

6LQJOH SDVV FRPSLOHUVY KDYH WKH DGYDC

L SURGXFLQJ PDFKLQH FRGH IDVWHU

LL EHLQJ HIILFLHQW LQ FDVH RI VKRUW Sl
UHTXLUHPHQW

,(QWHUSUHWHU



5SHORFDWDEOH

$QDO\WLV V\QWKHVLV

W\V\SH FKHFNLQJ

VIQWKHVLV

VIPERO WDEOH PDQDJHPHQW HUURU KDQGOLQJ

7KH VHTXHQFH RI FKDUDFWHUV IRUPLQJ D WRNHQ LV |

OH[HPH RU OH[LFDO LWHP

7RNHQV

SDUVH WUHH

&RQWH[W )UHH *UDPPDUV &)*

OHDYHV URRW

QRQ WHUPLQDO WHUPLQDO RU QRQ WHUPLQDO

W\SH FKHFNLQJ

7KHUH DUH WZR DSSURDFKHV WR LOQWHUPHGLDWH UH¢
$Q $EVWUDFW 6\QWD[ 7UHH $67 ZKLFK LV VLPSO\ |

OLNH VWUXFWXUH ZLWKRXW PXFK Rl WKH RSWLPL]DWI
$ 'LUHFWHG $F\FOLF *UDSK '$* LV D VLPSOLILHG Yl

RI $67

7UXH

7UXH

$EVROXWH PDFKLQH FRGH KDV WKH DGYDQWDJH RI EH

LWV IL[HG ORFDWLRQ LQ PHPRU\ 7KH\ FDQ EH H[HFXW

LPPHGLDWHO\ DIWHU WKH\ DUH SURGXFHG

3266,%/( 48(67,216

$ 6KRUW DQVZHU W\SH TXHVWLRQV
:KDW LV D FRPSLOHU" $QVZHU LQ EULHI
'K\ GR ZH FDOO D FRPSLOHU D WUDQVODWRU" -XVWLI\
‘KDW GR \RX XQGHUVWDQG E\ DQ LQWHUSUHWHU"
'KDW GR \RX XQGHUVWDQG E\ DQ DVVHPEOHU"
'"HVFULEH WKH IXQFWLRQDOLW\ RI VIQWKHVLV SKDVH
‘KDW GR \RX XQGHUVWDQG E\ WRNHQV"
'KDW GR \RX XQGHUVWDQG PHDQ E\ VFDQQLQJ LQ FRP
'KDW LV OH[LFDO DQDO\]JHU"
'KDW LV SDUVLQJ" :KDW LV UROH RI D SDUVHU"
‘KDW LV SDUVH WUHH" '"HVFULEH LQ EULHI
‘KDW GR \RX PHDQ E\ &RQWH[W JUHH *UDPPDU"
'KDW LV SURGXFWLRQ UXOH" 'LVFXVV LQ EULHI
‘KDW GR \RX PHDQ E\ V\QWD[ HUURU"



:KDW DUH WKH WZR PDMRU IXQFWLRQV RI V
SKDVH"

:KDW LV WKUHH DGGUHVV FRGH" ([SODLQ L
:KDW DUH WKH GLITHUHQW IRUPV RI LQWHU
:KDW GRHV WKH FRGH RSWLPL]DWLRQ SKDV
KDW LV DEVROXWH PDFKLQH FRGH" 'LVFXV

% /IRQJ DQVZHU W\SH TXHVWLRQV
:KDW GR \RX XQGHUVWDQG E\ SDVV RI D FR
WASHV" ([SODLQ HDFK RI WKHP
([SODLQ WKH DUFKLWHFWXUDO IUDPHZRUN
FRPSLOHU
+RZ PDQ\ PDMRU SKDVHV LV WKH FRPSLODYV
LQWR" ([SODLQ HDFK RI WKHP
KDW DUH WKH WZR FODVVHV RI SDUVLQJ" |
ZLWK H[DPSOH
:KDW GR \RX PHDQ E\ W\SH FKHFNLQJ" ([SO
([SODLQ HDFK SKDVHV RI FRPSLODWLRQ HQ
:KDW DUH WKH WZR PDMRU VXE SKDVHV RI
HDFK RI WKHP

5()(5(1&(6 $1' 68**(67(' 5($',1*6

%HUJPDQQ 6 &RPSLOHU GHVLJQ WKHRU\ WF
H[DPSOHYV

7KDLQ ' ,QWURGXFWLRQ WR FRPSLOHUV DQ:
GHVLDQX FRP

+ROXE $ ,&RPSLOHU GH3A.JQ:8Q,&
(QJOHZRRG &OLIIV 1- 3UHQWLFH +DOO

$KR $ 9 /DP 0 6 B6HWKL 5 8OOPDQ -
&RPSLOHUV SULQFLSOHV6MHFE® TGXM\LRDQ G

-
-_—

-_—



81,7
&203,/(5 29(59, (:

8QLW 6WUXFWXUH

,OQWURGXFWLRQ
8QLW 2EMHFWLYHYV
/IDQJXDJH 3URFHVVRUYV

3KDVHV RI D &RPSLOHU
/H[LFDO $QDO\VLV RU 6FDQQHU RU 7RNHQL]JHU
6\QWD[ $QDO\VLV RU 3DUVHU
6HPDQWLF $QDO\VLYV
,QWHUPHGLDWH &RGH *HQHUDWLRQ
&RGH 2SWLPL]DWLRQ
&RGH *HQHUDWLRQ

6XPPLQJ 8S

$QVZHUV WR &KHFN <RXU 3URJUHVV
SRVVLEOH 4XHVWLRQV

SHIHUHQFHYV DQG 6 XJJHVWHG 5HDGLQJV

,1752'8&7,21

7TKH IXQFWLRQ RI D FRPSLOHU LV WRIRFFHSW VWDWHPHC
OHYHO ODQJXDJH DQG WUDQVODWH WKHP LQWR HTXLYI
PDFKLQH OHYHO LQVWUXFWLRQV )RU H[DPSOH GXULQJ
VWDWHPHQW D E F G WKH FRPSLOHU GRHV QRW GLU
RSHUDWLRQV 5DWKHU LVVXHV D VHTXHQFH RI LQVWUXF
PXOWLSOLFDWLRQ DQG DGGLWLRQ RSHUDWLRQV ,Q EURLEL
LV D SURJUDP WKDW DFFHSWV DV LQSXW D SURJUDP ZUL
ODQJXDJH DQG SURGXFHY DQ HTXLYDOHQW SURJUDP LQ F
7TKH LQSXW SURJUDP LV FDOOHG DV WKH VRXUFH SURJUD
OHYHO SURJUDP LV NQRZQ DV WKH WOQWJJHW SURJUDP ,Q



OHDUQ KRZ D VRXUFH SURJUDP SDVVHV WKURX
WR JHQHUDWH DQ HTXLYDOHQW WDUMW SURJL
DQG WZR VXE SKDVHV ZKLFK ZH VKDOO WU\ WR
H[DPSOHYV

81,7 2%-(&7,9(6

$IWHU JRLQJ WKURXJK WKLV XQLW \RX ZLOO E

X

.QRZ WKH IHDWXUHV RI D ODQJXDJH SURFH

"'LITHUHQWLDWH EHWZHHQ WKH IXQFWLRQD !

ZLGHO\ XVHG ODQJXDJH SURFHVVRUV

x 8QGHUVWDQG WKH GLITHUHQFHYVY EHWZHHQ
PDFKLQH OHYHO ODQJXDJH

Xx ([SODLQ KRZ HDFK PDMRU SKDVHV RI D FRP

x

/$1*8$*( 352&(66256

$ ODQJXDJH SURFHVVRU LV D SURJUDP WKDW
ODQJXDJH VRXUFH SURJUDP LQWR DQ HTXLYDC(
IURP WKLV DQ LPSRUWDQW UROH RI WKH FR
PHVVDIJHY GHWHFWHG GXULQJ WUDQVODWLRQ
PD\ EH DQ H[HFXWDEOH PDFKLQH ODQJXDJH SU
ODQJXDJH SURFHVVRU WKDW H[HRBRQVNWWXHNKH
VRXUFH SURJUDP LQVWHDG RI SURGXFLQJ WKF
TKHUHIRUH XQOLNH FRPSLOHU DQ LQWHUSULFL
ZKROH SURJUDP UDWKHU SURGXFHV WKH VRX
WDUJHW SURJUDP SURGXFHG E\ WKH FRPSLOHL
DQ LQWHUSUHWHU ORUHRYHU LQWHUSUHWHL
HUURUV WKDQ D FRPSLOHU 7KLV KDSSHQV EHF
HIHFXWHG VWDWHPHQW E\ VWDWHPHQW

'H KDYH PHQWLRQHG HDUOLHU WKDW LQ D FRP
EH FKXQNHG LQWR SLHFHVY DQG UHORFDWDEOH
FRUUHVSRQGLQJ WR WKHVH SLHFHV 7KHVH FR
OLQNHUV DQG RWKHU OLEUDU\ URXWLQHV WR
RQ WKH PDFKLQH )LQDOO\ WKH ORDMHU ORD
ILOHV LQWR PHPRU\ IRU HIHFXWLRQ

+HUH \RX PLJKW ZDQW WR OHDUQ DERXW KI
PDFKLQH OHYHO ODQJXDJH 8QOLMHOMIHKL QH (



ODQJXDJHV DUH HDVLHU WR ZRUN ZKWK DQG PDLQWDLQ
KLJKHU GHJUHH RI PDFKLQH LQGHSHQGHQFH DQG SRU\
VXSSRUW GDWD DEVWUDFWLRQ DQG SURJUDP DEVWUDFW
OHYHO ODQJXDJH PD\ KDYH VRPH GUDZEDFNV 7KH FRF
JHQHUDWH LQHIILFLHQW PDFKLQH FRGHV 7KLV LQ WXUQ
DGGLWLRQDO VRIWZDUH $GGLWLRQDOO\ WKH SURJUDPF
FRQWURO RYHU PDFKLQH UHVRXUFHV VXFK DV UHJLVW
LQWHUUXSWYV

&+(&. <285 352*5(66 * ,
$ BBBBB WUDQVODWHY D KLJK O[HYHO ODQJXDJH VRX
LQWR DQ HTXLYDOHQW WDUJHW |[SURJUDP
7KH WDUJHW SURJUDP SURGXFHG E\ WKH FRPSLOHU
BBBBBWKDQ WKDW RI DQ LQWHUBUHWHU
BBBBBBBBBBBB ORDGYV DOO WKH H[HFXWDEOH REMH
PHPRU\ IRU H[HFXWLRQ
+LJK OHYHO ODQJXDJHV KDYH|PXFK KLJKHU GHJU
BBBBBBBBDQG BBBBBBBBBBB
7KHUH DUH BBBBBBBBBBBBBBBBBB SKDVHV RI D FRPS
7KH WZR VXE SKDVHV RI D FRPSLOHU DUH BBBBBBBI
BBBBBBBBBBBBBB

3+$6(6 2) $ &203,/(5

1RZ OHW XV VHH KRZ WKH SKDVHV DQG VXE SKDVHV R
DOUHDG\ GLVFXVVHG LQ SUHYLRXV XQLW ZRUN WRJHYV
SURGXFH DQ REMHFW FRGH $V PHQWLRQHG HDUOLHU D
WKURXJK VL[ PDMRU SKDVHV OH[LFQWLFQDO\VLV VI\QWD]
DQDO\WLV LQWHUPHGLDWH FRGH JHQHUDWLRQ FRGH RS
FRGH JHQHUDWLRQ 7ZR DGGLWLRQDO VXE SKDVHV V
PDQDJHPHQW DQG HUURU KDQGOHU LQWHUDFW ZLWK WKH
SURGXFH DQ HIILFLHQW PDFKLQH FRGH $ KLJK OHYHO OI
IRUPV LQSXW WR WKH ILUVW SKDVH RI WKH FRPSLOHU
DQDO\WLV 7KH RXWSXW SURGXFHG B\KWKLV SKDVH JRHV |
QH[W (DFK SKDVH SURGXFHV D XQLTXH RXWSXW DQG IHG



QH[W ,Q WKH IROORZLQJ VXEVHFWLRQV ZH ZL
RI WKH FRPSLOHU FRQYHUWY WKH LQSXW LW U

/IH[LFDO $QDO\VLYV

7KLV LV WKH ILUVW SKDVH RI D FRPSLOHU |,
DQDO\]JHU RU VFDQQHU RU WRNHQL]HU DWWHP S
LQSXW VWULQJ ,W GRHV VR E\ VFDQQLQJ WKH
FKDUDFWHU DW D WLPH $ YDOLG WFRNHQ LV S
FRPSLOHU $V PHQWLRQHG HDUOLHU WRNHQ"
ZRUGV $ ZRUG LV D VWULQJ RI FKDUDFWHUV W
D ZRUG LV NQRZQ DV D OH[HPH RU OH[LFDO
SDWWHUQV GHILQHG LQ WKLV SKDVH DJDLQVW
PDWFKHG ,I| WKHUH LV D PDWFK LQ WKH LQSXV
WKH SDWWHUQ LV JHQHUDWHG DV RXWSXW

JRU HI[DPSOH LQ WKH VWDWHPHQW
VXP D E G
IH[HPHYV DUH

VXP
D

E

G
7KH FRUUHVSRQGLQJ WRNHQV IRU WKH OH[HPH

LG SRLQWHU WR WKH VI\PERO WDEOH HQW
I

LG SRLQWHU WR WKH VI\PERO WDEOH HQW
|

LG SRLQWHU WR WKH V\PERO WDEOH HQW
|

1XPEHU LQWHJHU YDOXH !
|

LG SRLQWHU WR WKH VI\PERO WDEOH HQW



$SWWULEXWH YDOXHV IRU WKH LGHQWLILHUV VXP D E DC
WKH V\PERO WDEOH LQ UHFRUGYV DQG UHVSHFWL
DWWULEXWHY LQFOXGH LGHQWLILHOWDQDPH LWV W\SH VL]
WRNHQ IRU WKH QXPEHU UHTXLUHV LWV W\SH DQG YDO
DQG GR QRW UHTXLUH DQ\ DGGLWLRQDO DWWULEXWH YD

6\QWD[ $QDO\VLV RU 3DUVHU

7TRNHQV RI OH[LFDO DQDO\VLV SKDVH DUH IHG WR WKH
SKDVH 7KLV SKDVH WUDQVIRUPV WKHVH WRNHQV LQWR
WHUPHG DV SDUVH WUHH %XW SUMHFWR GRLQJ VR WKL
WKH VI\QWD[ RI WKH ODQJXDJH VWUXFWXUH ,I WKH VWDW|
XQGHUO\LQJ JUDPPDWLFDO VWUXFWXUH RI WKH ODQJXD.
FRUUHFW 2WKHUZLVH WKH SDUVHU UHFRJQL]JHV LW DV
7KH JUDSKLFDO VWUXFWXUH LV WHURHG DV WKH V\QWD]
LOWHULRU QRGH UHSUHVHQWY DQ RSHUDWLRQ DQG LWV
WKH DUJXPHQWYV RU RSHUDQGV /LNH IRU H[DPSOH WKI
ODEHOHG KDV LG 'DV LWV ORKW HHKULMGEG DQG LQWHJIHU
7KLYV QRGH LV LGHQWLILHG E\ WKH YDOXH E 'XULQJ HI!I
VWDWHPHQW SUHFHGHQFH UXOHV IRU WKH ODQJXDJF
7TKHUHIRUH PXOWLSOLFDWLRQ LV H[HFXWHG SULRU WR L
SDVVHG WR WKLV VWDJH ZRXOG EH

LG ! ' LG ! ' LG ! ! ! ' LG
!

7KH JUDPPDWLFDO VWUXFWXUH LV VSHFLILHG E\ FRQWHI[W
VXEVHTXHQW SKDVHV RI WKH FRPSLOHU XVH WKHVH VWUX
VWUXFWXUH IRU WKH DERYH VHW RI WRNHQV ZRXOG EH

o«
AN

(id. 3) x

N

(id, 4)

i)

)LJ 6\QWD[ 7UHH Rl WKH VWDWHPHQW VXP D E



7TKHUH DUH SDUVLQJ DOJRULWKPV ZKLFK PDNH
DQDO\]LQJ WKH SURJUDP DQG FRQVWUXFW WKH

BHPDQWLF $QDO\VLV

7KH VHPDQWLF DQDO\WLVY SKDVH XVHV WKH V\
SUHYLRXV SKDVH ,W EDVLFDOO\ JDW®HUV WKI
WKH VRXUFH SURJUDP VWDWHPHQWYV W VDY
VI\PERO WDEOH 7KLV SKDVH FKHFNWWR VHH Z
LV VHPDQWLFDOO\ FRQVLVWHQW ZLWK WKH OD!

6HPDQWLF DQDO\VLYV PDLQO\ GHDGQW 2L KWH W\S]
FRPSLOHU FKHFNV ZKHWKHU HDFK RSHUDWRU |
YRU H[DPSOH DQ DUUD\ LQGH[ LV DEED\V UHTX
WKDQ UHDO QXPEHUV 7KH FRPSLOHW VHHV LI
QRW ,I LW IRXQG WR RWKHU WKDQ LQWHJHUYV

RXU H[DPSOH VWDWHPHQW QXPEHU LV PXO
+HUH LI E LV D IORDWLQJ SRLQW QXPEHU RS}
DQ LQWHJHU DQG D IORDWLQJ SRLQW QXPEHU

KDV WR EH FRQYHUWHG LQWR IORDWLQJ SRL
FDVWLQJ PHWKRG GRHV WKLV FRQYHUVLRQ |
EHFRPHV 7KH ODQJXDJH VSHFLILFDWLRQ Z
FRQYHUVLRQ LV FDOOHG FRHUFLRQV ,Q RXU H
YDULDEOHV DV LQWHJIHUYV

, QWHUPHGLDWH &RGH *HQHUDWLRQ

7KH VRXUFH SURJUDP FRQVWUXFW LV WUDQ\
LOWHUPHGLDWH UHSUHVHQWDWLRQV 7KHVH U
WUHH 'LUHFWHG $F\FOLF *UDSK '$* RU Wtk
, QWHUPHGLDWH FRGHV PXVW EH HDV\ WR SUR
LQWR WDUJHW FRGH 6\QWD[ WUHHNIDWDRRQUP F
WKDW LV JHQHUDWHG GXULQJ VIQWDyVDQG VHP
DUH WKH LQWHUPHGLDWH UHSUHVHQWDWLRQV
FRQGHQVHG IRUP RI VIQWD[ WUHHV %RWK V\Q\
JUDSKLFDO UHSUHVHQWDWLRQV ,Q FRQWUDVW
OLQHDU UHSUHVHQWDWLRQV (DFK VWDWHPHQ\
PRVW RQH RSHUDWRU RQ WKH ULJKW VLGH (DF
7TKHVH LQVWUXFWLRQV VSHFLI\ WKH RUGHU LQ
EH SHUIRUPHG 7KHUHIRUH WKH VHTXHQFH RI
EH
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7KH ILUVW WKUHH DGGUHVV LQVWUXFWLRQ DVVLIQV LC
LGHQWLILHUV VXP D E RU G DUH IORDWLQJ SRLQW Q
H[SOLFLW W\SH FRQYHUVLRQ IXQFWLRQ LQWWRIORDW Z]|
WKH VWDWHPHQW ZRXOG EH

w LOWWRIORDW

$V PXOWLSOLFDWLRQ KDV PRUH SULRULW\ RYHU DGGLWL
FRGH JHQHUDWRU ZRXOG ILUVW PXOWLSO\ DQG E DQG
$GGLQJ D WR WKH RXWSXW JLYHV WKH ILQDO UHVXOW RI
DVVLIQLQJ WKLV UHVXOW WR WKH LGHQWLILHU LG FRPSC

&RGH 2SWLPL]DWLRQ

7KLY SKDVH DWWHPSWV WR LPSURYH WKH LQWHUPHGLDW
WKH SUHYLRXV SKDVH 7KH JHQHUDWHG FRGH LV PDFKLQ
JLYHV IDVWHU WDUJHW FRGH %XW EHWWHU WDUJHW FRC
REMHFWLYHV WR EH IXOILOOHG 7KHVH PD\ LQFOXGH JH:
FRGH WKDW FRQVXPHV OHVV SRZHU RU VKRUWHU FRGH V
PHPRU\ 1RZ UHIHUULQJ WR RXU H[DPSOH WKLV SKDVH G
QXPEHU E\ LI QHHG DULVHV $OVR LW WULHV WR
LOWHUPHGLDWH FRGH E\ HOLPLQDWLQJ XQQHFHVVDU\
UHSODFLQJ WKHP ZLWK RQH

w LG
w w LG
LG LG w

6 XFK UHSUHVHQWDWLRQ VDYHV D VLIQLILFDQW DPRXQW
VSDFH 7KLV LQ WXUQ VLIJQLILFDQWO\ LPSURYHV WKH UX(
WR H[HFXWH WKH WDUJHW FRGH &RPSLOHUV ZKLFK GR
DUH NQRZQ DV WKH 2SWLPL]LQJ &RPSLOHUV

&RGH *HQHUDWLRQ



7KH RSWLPLJ]HG FRGHV DUH IHG LQWR WKH FRG
WUDQVIRUPHG LQWR WDUJHW FRGH 7KH LQWH
LOQOWR VHTXHQFHV RI PDFKLQH LQVWUXFWLRQV
VSHFLILF WDVN 7KHUHIRUH VXFK LQVWUXFWL
RU UHJLVWHUVY WR VWRUH WKH YDULWEOHV +1
LOQWR SOD\ DQG FUXFLDO WR GHFLGH ZKLFK
YDULDEOH 7KH HTXLYDOHQW VHW RI PDFKLQ
VWDWHPHQW ZRXOG EH

/ 5 LG
08/ 5 5
[ 5 LG
$'"" 5 5 5
/ 5 LG
$ 5 5 5

67 LG 5

7KH DERYH FRGH VWDWHPHQW UHTXLUHV WKU
WUDQVODWLRQ 7KH ILUVW RSHUDQG VSHFLIL
LOQVWUXFWLRQ VSHFLILHV WKDW WKHJFRQWHQ
S 7TKHQ WKH PXOWLSOLFDWLRQ RSHUDWLRQ P
7KH UHVXOW LV VWRUHG EDFN WR 5 6LPLODU
LQWR UHJLVWHU 5 IROORZHG E\ DGGLWLRQ EH
LV VWRUHG EDFN WR 5 )LQDOO\ LG LV ORD!
ZLWK 5 VR DV WR JHW WKH ILQDO5SUHVXOW RI
VWRUHG RQ LG FRPSOHWLQJ WKH H[HFXWLRC
WKH VWDWHPHQW GHDOV ZLWK IORDWLQJ SRLC
HDFK LQVWUXFWLRQ FRGH WKDW LV /') 08/)
VSHFLI\ WKH RSHUDWLRQ FRGHV $ XVHG SUL
WUHDWHG DV LPPHGLDWH FRQVWDQW

&+(&. <285 352*5(66 * ,,
$ OH[HPH LV D VWULQJ R| BBBBEBBBBBBB!
DV D XQLW
/H[LEDO DQDO\HU SXWV WKH UHFRUGV RI
WDEOH FDOOHG DV BBBBBBBBBBEBBBBB
7KH LQWHUQDO QRGHV RI D V\QWD[ W
BBEBBBBBBBBBBBBBBBBB

[s)



BBBBEBBBBBBBBBBBBBBBBBBBBBBBB PDLQO\ GHDOV Z
FKHENLQJ
, QWHUPHGLDWH FRGHV PXVW EH HDV\ WR BBBBBBI
BBBBBBBBBBLQWR WDUJHW FRGH
/KUHH DGGUHVV FRGHYVY DUH BBBBBBBBBBBBBBBBBBE
7KH FRGH RSWLPL]DWLRQ SKDVH JHQHUD\
BBBBBBBBBBBBBBBBB UXQQLQJ WDUJHW FRGH

9DULDEOHVY DUH VWRUHG RQ UHKHJLVWHUV RU PHPR
GXULQJ BBBBBBBBBBBBBBBSKDVH
BBBBBBBBBBBBBDUH WKH IDVWHYW PHPRU\

6800,1* 83

Xx $ ODQJXDJH SURFHVVRU LV D SURJUDP WKDW WUDQ
OHYHO ODQJXDJH VRXUFH SURJUDP LQWR DQ HTXL)
SURJUDP 7KH WDUJHW SURJUDP PD\ EH DQ H[HFXWDE
ODQJXDJH SURJUDP

x $SDUW IURP WKLY DQ LPSRUWDQW UROH RI WKH FRPS
HUURU PHVVDJHVY GHWHFWHG GXULQJ WUDQVODWLRQ

X $Q LOQWHUSUHWHU LV D ODQJXDJH SURFHVVRU WKD
VWDWHPHQWY VSHFLILHG LQ WKH VRXUFH SURJUDI
SURGXFLQJ WKH RXWSXW DV D SURJUDP 7KHUHIR
FRPSLOHU DQ LQWHUSUHWHU GRHV QRW SURGXFH 2
UDWKHU SURGXFHV WKH VRXUFH SURJUDPTV RXWSXW

X $ FRPSLOHU SDVVHV WKURXJK VL[ PDMRU SKDVHV OH
VIQWD[ DQDO\VLV VHPDQWLF DQDO\VLV LQWHUPH
JHQHUDWLRQ FRGH RSWLPL]DWLRQ DQG ILQDO FRG
7ZR DGGLWLRQDO VXE SKDVHV V\PERO WDEOH PDQD
HUURU KDQGOHU LQWHUDFW ZLWK WKHVH SKDVHV LQ
DQ HIILFLHQW PDFKLQH FRGH

x /H[LFDO DQDO\]HU RU VFDQQHU DWWHPSWV WR JHQHU
DQ LQSXW VWULQJ E\ VFDQQLQJ WKH VWULQJ IURP C
GRHV VR E\ VFDQQLQJ WKH LQSXW IURP OHIW WR ULJ}
DW D WLPH

X 6\QWD[ DQDO\VLV SKDVH WUDQVIRUPV WKHVH WRNHQ
VWUXFWXUH WHUPHG DV SDUVH WUHH %XW SULRU \
SKDVH WULHV WR FKHFN WKH V\QWD[ Rl WKH ODQJXD

td
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WKH VWDWHPHQWY GR QRW FRQIRUP WR W
VWUXFWXUH RI WKH ODQJXDJH HUURU LV U
x 6HPDQWLF DQDO\VLV EDVLFDOO\ JDWKHU\
SUHVHQW LQ WKH VRXUFH SURJUDP VWD
LQIRUPDWLRQ LQ WKH V\PERO WDEOH 7K
ZKHWKHU WKH VRXUFH SURJUDP LV VHPDQ
WKH ODQJXDJH GHILQLWLRQ

7KH VRXUFH SURJUDP FRQVWUXFW LV WUD
LOWHUPHGLDWH UHSUHVHQWDWLRQV 7KH?
vVIiQWD[ WUHH 'LUHFWHG $F\FOLF *UDSK "%
FRGHY S, QWHUPHGLDWH FRGHV PXVW EH HI
WR WUDQVODWH LQWR WDUJHW FRGH

&RGH RSWLPL]DWLRQ SKDVH DWWHPSW\
LOWHUPHGLDWH FRGH 7TKH JHQHUDWHG
LQGHSHQGHQW DQG JLYHV IDVWHU WDUJH
FRGH UHTXLUHVY VRPH RWKHU REMHFWLYH
PD\ LQFOXGH JHQHUDWLRQ RI WDUJHW FR
SRZHU RU VKRUWHU FRGH WKDW FRQVXPHYV
7TKH LQWHUPHGLDWH FRGHV DUH WUDQVO
PDFKLQH LQVWUXFWLRQV 7KHVH VHTXHQF
WDVN 7KHUHIRUH VXFK LQVWUXFWLRQV L
RU UHJLVWHUV WR VWRUH WKH YDULDEOHYV

$16:(56 72 &+(&. <285 352*5(66

ODQJXDJH SURFHVVRU

IDVWHU

IRDGHU

PDFKLQH LQGHSHQGHQFH SRUWDELOLW\

VIPERO WDEOH PDQDJHPHQW DQG HUURU K
FKDUDFWHUYV

VI\PERO WDEOH

RSHUDWLRQ

6HPDQWLF DQDO\VLV

SURGXFH WUDQVODWH

OLQHDU UHSUHVHQWDWLRQV

IDVWHU

FRGH JHQHUDWLRQ

SHIJLVWHUYV



3266,%/( 48(67,216
$ 6KRUW DQVZHU W\SH TXHVWLRQV

KDW LV ODQJXDJH SURFHVVRU"

+RZ GRHV D ODQJXDJH SURFHVVRU SOD\ D VLJQLILF
SURJUDPPLQJ"

:KDW LV FRPSLOHU"

:KDW LV LQWHUSUHWHU"

'LITHUHQWLDWH EHWZHHQ FRPSLOHU DQG LOQWHUSUHMW
ULWH GRZQ IXQFWLRQV RI OLQNHU DQG ORDGHU
:KDW DUH KLJK OHYHO ODQJXDJHV" +RZ GR WKH\ GL
PDFKLQH OHYHO ODQJXDJH"

:KDW GR \RX PHDQ E\ WRNHQL]DWLRQ" *LYH H[DPSOH
KDW LV SDUVHU" "'LVFXVV

:KDW GR \RX PHDQ E\ RSWLPL]JLQJ FRPSLOHU™"

:KDW LV VI\QWD[ WUHH" ([SODLQ ZLWK H[DPSOH

% /RQJ DQVZHU W\SH TXHVWLRQV

:KDW LV ODQJXDJH SURFHVVRU" ([SODLQ

*LYH VRPH FKDUDFWHULVWLF RYHUYLHZV RQ FRPS
LOQWHUSUHWHU

:KDW DUH WKH PDMRU SKDVHV RI D FRPSLOHU" &R
HIDPSOH RI \RXU RZQ DQG H[SODLQ KRZ HDFK SKDVH
LQ RUGHU WR SURGXFH WKH WDUJHW FRGH"

5()(5(1&(6 $1' 68**(67(' 5($',1*6

X %HUJPDQQ 6 ' &RPSLOHU GHVLJQ WKHRU\ WR
HIDPSOHYV

X 7KDLQ ' ,QWURGXFWLRQ WR FRPSLOHUV DQG
GHVLJQ /XOX FRP

x +ROXE $ &RPSLOHU GHVLIJQ LQ & SS , ;9,,

(QIOHZRRG &OLIIV 1- 3UHQWLFH +DOO
x $KR $ 9 /DP 0 6 6HWKL 5 DPS 800OPDQ -
&RPSLOHUV SULQFLSOHV WHFKQLTXHV DQG WRROV 6H

Eanld
-_—

—_—
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8QLW 6WUXFWXUH

,QWURGXFWLRQ
8QLW 2EMHFWLYHYV
6SHFLILFDWLRQ RI 7RNHQV

J)LQLWH 6WDWH $XWRPDWRQ DQG LWV %DVLF
7\SHV Rl )LQLWH 6WDWH $XWRPDWRQ

7UDQVLWLRQ 'LDJUDP
7UDQVLWLRQ 7DEOH

&RQVWUXFWLRQ RI J)LQLWH $XWRPDWRQ
&RQVWUXFWLRQ RI ')$
&RQVWUXFWLRQ RI 1)$
&RQVWUXFWLRQ RI 1)$ ZLWK A 7UDQVL

5HIJXODU ([SUHVVLRQ

&RQYHUVLRQ RI 1)$ WR ')$

OLQLPL]DWLRQ RI ')$

6XPPLQJ 8S

$QVZHUV WR &KHFN <RXU 3URJUHVV

3RVVLEOH 4XHVWLRQV

5HIHUHQFHYV DQG 6XJJHVWHG 5HDGLQJV

,1752'8&7,21

,Q WKH SUHYLRXV XQLWV \RX KDYH OHDUQW
SURSHUWLHVY <RX KDYH DOVR OHDUQW GHI
WHUPLQRORJLHY DV ZHOO DV IXQFWQKEBQDO FKD
VXE SKDVH RI D FRPSLOHU 7KH VHFRQG XQ
GLVFXVVLRQ RQ RYHUDOO IXQFWLRQV DQG EH
FRPSLOHU 1RZ \RX DOO NQRZ WKDW WKH SUR
ZLWK OH[LFDO DQDO\VLV 7KH OH[IRADO DQD
FKDUDFWHUV WR ILQG WKH WRNHQV W HPSO

td
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UHFRJQL]JH WKH WRNHQV 7KHUHIRUH D UHFRJQL]JHU LV
UHWXUQV \HV RQFH D VWULQJ LV UHFRJQL]HG DQG QR R
VWDWH DXWRPDWRQ )6$ RU D ILEMWMUDPBWH PDFKLQH
PDFKLQH ZKLFK IROORZV D SUH GHWHUPLQHG VHTXHQFI
UHFRJQL]JH D WRNHQ 7KLV XQLW PDLQO\ IRFXVHV RQ XQ
WKH ILQLWH VWDWH DXWRPDWRQ ZBHWNV ,W DOVR GLVFX'
RI )60V DV ZHOO DV WKHLU IXQFWLR@IOLWLHYV /DWHU LQ
KDYH LQ GHSWK GLVFXVVLRQ RI VRPH YHU\ HVVHQWLDO
OH[LFDO DQDO\VLYV

81,7 2%-(&7,9(6

$IWHU JRLQJ WKURXJK WKLV XQLW \RX ZLOO EH DEOH WR

x

'HILQH ILQLWH VWDWH DXWRPDWRQ

8QGHUVWDQG EDVLF FRQFHSWV EHKLQG ILQLWH VWDV
.QRZ WKH GLIIHUHQW W\SHV RI ILQLWH VWDWH DXWR
SURSHUWLHV

.QRZ KRZ WR FRQVWUXFW D ILQLWH VWDWH PDFKLQH
8QGHUVWDQG WKH FRQYHUVLRQ SURFHVV RI 1)$ WR ')
.QRZ WKH PLQLPL]DWLRQ RI ")$V

xX X

X X X

63(&,),&$7,21 2) 72.(16

7KH OH[LFDO DQDO\VLV SKDVH LV UHRBRQVLEOH IRU JHQ!
RI D VWULQJ RI FKDUDFWHUV :H DOUHDG\ KDYH GLVFXVV
XQLW WKDW D SDWWHUQ UHSUHVHQWY UXOH WR LGHQWLI
DUH VSHFLILHG XVLQJ WKH UHJXODU H[SUHVVLRQV /HWTYV
ZLWK VRPH IRUPDO GHILQLWLRQ RI VRPH NH\ZRUGV XVHG
WRNHQV

6WULDKH WHUP DOSKDEHW GHQRWHYV D ILQLWH VHW
ZKLFK PD\ EH HLWKHU QXPEHUV RU FKDUDFWHUV )RU
VHW RI DOSKDEHW PD\ EH GHQRWHG DV ~* " RU "D E
$ VWULQJ RYHU DQ DOSKDEHW LV D ILQLWH VHTXHQ
JHQHUDWHG IURP WKH DOSKDEHW )RU H J D VHW R
WKH DOSKDEHW # " PD\ EH

HWF 7KH WHUPV VHQWHQFH RU ZRU(
DUH WKH VI\QRQ\PV RI VWULQJ 1XPEHU RI RSHUDW
SHUIRUPHG RQ VWULQJV ‘H FDQ FDOFXODWH LWV Ol

td
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FRQFDWHQDWLRQ RQ LW 6RPH RI WKH FF
VWULQJY DORQJ ZLWK WKHLU FRUUHVSR
GLVFXVVHG EHORZ ‘H FRQVLGHU WKH VWU

X

/JHQJWK RI1 V JHQJWK RI D VWULQJ L
FRXQWLQJ WKH V\PEROV RI V
JRU HJ _V_ LV RI OHQJWK

x 3UHIL[ RI V SUHIL[ LV REWDLQHG E
RU PRUH WUDLOLQJ V\PERO\
JRU HJ %XLOG LV D SUHIL[ R
x 6XIIL[ RI' V 6XIIL[ LV IRUPHG E\ UHF
RU PRUH OHDGLQJ V\PEROYV
HJ HULV D VXIIL[ Rl %XLOGHI
Xx 6XEVWULQJ RI V $ VWULQJ IRUPHG E
SUHIL[ DQG D VXIIL[ IURP V
LOG LV D VXEVWULQJ RI %XLC
x 3URSHU SUHIL[ VXIIL[ $ QRQ HPSW\ VW
VXIIL[ RU RU VXEVWULQJ RI
VXEVWULQJ RI' V. VXFK WKD
X 6 XEVHTXHQFH RI V $ VWULQJ JHQHUDYV
JHUR RU PRUH FRQWLJXRXYV
FRQWLJXRXV VI\PEROV IURP
VXEVHTXHQFH RI V )RU H J
VXEVHTXHQFH RI %XLOGHU

$SDUW IURP WKHVH WKHUH LV RQH PRUH WHL
VWULQJV &RQVLGHU VWULQJ U SE6YWHLAL QI 7K
E\ DSSHQGLQJ V WR U 7KHUHIRUH ZH KDYH WHK
6WULQJ % XMOWBIHW RI OHQJWK LV WHUPHG DV
LV GHQRWHG E\ WKH V\PERO %

IDQJXD3HVHW RI VWULQJV IRUPHG RYHU I
WHUPHG DV ODQJXDJH $ ODQJXDJH PD\ DC
VWULQJ RU WKH VHW ~%" :H DOUHDG\ K
SDWWHUQV DUH UHFRJQL]JHG E\ WKH UHJ:
SDWWHUQ PDWFKHV D VHW RI VWULQJV DQ
QDPHV WR WKHVH VHW

7KHUH DUH VHYHUDO RSHUDWLRQV WKDW FDQ
7TDEOH VKRZFDVHV VRPH RI WKH SHUPLVVLEOI
8SRQ DSSOLFDWLRQ RI WKHVH RSHUDWLRQV |



FRQVLGHU WZR ODQJXDJHV / DQG ' WKN WKH DOSKDEHW |

VHW Rl OHWWHUV "$ % ««« = D E ««« ] DQG ' LV
DOSKDEHW FRQVLVWLQJ RI WKH VHW RI GLJLWV 2 €«
7DEOH 2SHUDWLRQV RQ ODQJXDJHV

2SHUDWLRQV "HILQUWLRQ
/€' XQLRQ RI |L&G "V _V LV LQ /|IRUV LV LQ O

/ 1

DQG '

FRQFDWHQDWLR®WI_N LV LQ / PQG W LV LQ "

/

.OHHQH FORWVXUH RI / ’
/-

L
W GHQRWHV 3]HUR |RU PRUH
FRQFDWHQDWLRQV |[RI™ /

SRVLWLYH FORVXUH RI / :
/-

L
W GHQRWHYV 3RQH RU PRUH
FRQFDWHQDWLRQV |[RI" /

X X X X

X

€' LV WKH VHW Rl OHWWHUV DQG GLJLWV

'LV WKH VHW Rl VWULQJYV FRQVLVWLQJ RI D OHWWHU
LV WKH VHW RI JHUR RU PRUH RFFXUUHQFHV Rl OHW
/&' LV WKH VHW RI DOO VWULQJV RI OHWWHUV DQGC

EHIJLQQLQJ ZLWK D OHWWHU

' LV WKH VHW RI RQH RU PRUH RFFXUUHQFHV RI GLJL!

/
/
/
/

2SHUDWLRQV XQLRQ DQG FRQFDWHQDWLRQ DUH ELQDU\ R
.OHHQH DQG SRVLWLYH FORVXUH DUH XQDU\ )RU D ODQJX
DOSKDEHW ~ °

X X X X X

[ LV M"Y
/[ LV ~

/[ LV ~

/[ LV ~

/

K K K
5HIJXODU ([SUBVVHRRODU H[SUHVVLRQ LV VLPSO\ D
VHTXHQFH RI OHWWHUV WKDW PDWFK ZLWK WKH VDI
LQSXW OHWWHUV +RZHYHU FRPSOH[ VWUXFWXUHYV
JHQHUDWHG WKURXJK LQFOXVLRQ RI VSHFLDO FKD
RSHUDWLRQV GHILQHG LQ SRLQW DUH DOVR H[SUHV
ZHOO IRUPHG IRUPXOD RU QRWDWLRQ 7KHUH DUH \
UXOHV WR IRUP WKH UHJXODU H[SUHVVLRQV RYHU DQ



UHJXODU H[SUHVVLRQ GHQRWHV D ODQJX
H[SUHVVLRQ LV GHQRWHG E\ WKH V\PERC
H[SUHVVHG E\ / U

X ,] % LV D UHJXODU H[SUHVVLRQ LW GHOQ
FRQWDLQLQJ HPSW\ VWULQJ

x $ VIPERO pDY EHORQJLQJ WR WKH VHW ™ [
LV D UHJXODU H[SUHVVLRQ ,W UHSUHVHC
FRQWDLQLQJ RQO\ D VLQJOH FKDUDFWHU
H[SUHVVLRQ WKDW GHQRWHV ~D° L H WKF
D

x ,] U DQG V DUH WKH UHJIXODU H[SUHVV
ODQJXDJHV DUH / U DQG / V T7KHQ
D U LV WKH UHJXODU H[SUHVVLRQ ZKLFK

E U V LV WKH UHJXODU H[SUHVVLRQ ZKL
F u _ V LV WKH UHJXODU H[BUHVVLRQ
IV

G U LV WKH UHJXODU H[SUHVVLRQ ZKLFK

7KH ODQJXDJH GHQRWHG E\ D UHJXODU H[SUH'
VHW

/IHW XV PDNH WKLV FRQFHSW FOHDUMKIHFRQVL
DOSKDEHW VHW ™ "D E°

D 7KH UHJXODU H[SUHVVLRQ D _E UHSUHVHQ

E 7KH UHJXODU H[SUHVVLRQ D _ E D E
UHSUHVHQWYV WKH VHW DD DE ED EE |,
RI DYV DQG EfV KDYLQJ OHQJWK WZR

F 7TKH UHJXODU H[SUHVVLRQ D GHQRWHV V
KDYLQJ JHUR RU PRUH RFFXUUHQFHV RI D
"Yys D DD DDD DDDD ««««

G 7KH UHJXODU H[SUHVVLRQ D _ E UHS UL
VWULQJYV FRQWDLQLQJ JHUR RU PRUH RF
7TKHUHIRUH LW GHQRWHVYV WKH VHW RI DOC
WKH FRUUHVSRQGLQJ UHJXODU H[SUHVVLR

H 7KH UHJXODU H[SUHVVLRQ D _ D E GHQRWF
VWULQJ 3D" DQG DOO VWULQJV FRQVLVWLQ
DTV IROORZHG E\ D E

/IHW XV VHH IHZ HI[DPSOHV FRQVLGHULQJ WKHVI



5HIJXODU ([SUHVVLRQ U IDQJXDJH / U

KHOOR NKHOOR °

UR V_S H "NURVH URSH
DEE " DE DEE DEEE

« « )

DEE A Ya DEE
DEEDEE DEEDEEDEE «««

DD _E D ~N DD DDD DED

DDDD DDED DEDD ««

5HIXODU GHIHQXWDRQH[SUHVVLRQV PD\ EH JLYHQ
QDPHV W LV UHSUHVHQWHG PRUH LQ D UXOH OLNH
LOQFOLQHYV WRZDUGYV D JUDPPDWLFDO DSSURDFK W
PHDQV RI GHVFULELQJ WRNHQV ,I ™ LV D VHW RI DO
WKH UHJXODU GHILQLWLRQ LV RI WKH IRUP

G— U
G— U
G— U

(DFREHLQJ WKH GLVWLQFW QDROEHLRIIWKH GHILQLWLRQ
WKH UHJXODU H[SUNVDLROPERFKRIU ™ DQG
SUHYLRXVO\ GHILQHG QDPHV 7KH GHILQLWLRQ LWVH
IROORZV SURGXFWLRQ OLNH VSHFLILHUV ZLWK OHIW
WKH VI\PERG® G )RU LQVWDQFH

NH\ZRY6& ORQJ _ LQW _ GRXEOH
ZKLOH _ IRU _ LI _ WKHQ

GLILW— R X
GLJLW BVH¥XBQFIRHV
VLo _

UHORS ! ! !

& OHWWHU OHWWHU _ QXPEHU
1DPHVY DUH ZULWWHQ LQ EROGIDFH WR GLVWLQJXLVK
7KH OH[LFDO DQDO\|HU UHFRJQL]J]HV WKH NH\ZRUGYV
OH[HPHV GHGRWRIEG &L IVMWI @ VHWXHQFH
/IHW XV KDYH DQ HODERUDWH GLVFXVVLRQ RQ KRZ WKF
ZRUNV LQ RUGHU WR JHQHUDWH D WRNHQ



&+(&. <285 352*5(66 * ,
&RPSLODWLRQ EHJLQV ZLWK BBBBBBBBBBD!
7KH OH[LFDO DQDO\]HU VFDQV D|VWULQJ
BBBBB
$ BBBBBBBBBBBBBRYHU DQ DOSKDEHW LV
VI\PEROV JHQHUDWHG IURP WKH DOSKDEHW
$ VHW RI VWULQJV IRUPHG RYHUY DQ DOS
BBBBBB
$Q HPSW\ VWULQJ LV GHQRWHG DV BBBBBB!

7KH ODQJXDJH GHQRWHG E\ D UHJXODU HJ!
BBBBBBBBBBBB

),1,7( 67$7( $8720%$721 $1' ,76 %$6,&

&21&(376

$ ILQLWH VWDWH DXWRPDWRQ LV DVUBIFRJQL]}
FHUWDLQ VWULQJ RI WRNHQV ,W RABNSWV D
S\HV" LI [ LV D VHQWHQFH RI WKH ODQJXDJ}
5HIJXODU H[SUHVVLRQV UHSUHVHQW WKH O
H[SUHVVLRQV DUH WUDQVODWHG LQWR ILQLV
ILQLWH VWDWH PDFKLQH )60 ,Q RWKHU ZRU(
UHFRJQL]JHV WKH UHJXODU H[SUHVVLRQV :H V
GLITHUHQW )60V

7\SHV Rl )LQLWH 6WDWH $XWRPDWRQ

$ ILQLWH DXWRPDWRQ FDQ EH GHWHUPLQLVW
'"HWHUPLQLVWLF )LQLWH $XWRPDWD "')$ RQ D¢
WUDQVLWLRQ LV SRVVLEOH IURP D JLYHQ VWD
GHWHUPLQLVWLF )LQLWH $XWRPDWRQ 1)$ KD
RQ WKH VDPH LQSXW V\PERO $QRWKHU LPS
DXWRPDWRQ LV KHUH % WUDQVLWLRQ LV SRVV
RQH VWDWH WR DQRWKHU LV SRVVLEOH ZLWK C

7TKHUHIRUH DQ 1)$%$ PDLQO\ FRQWLVWYV RI WXS

X $ ILQLWH VHW RI VWDWHYV 4
X $ VHW RI LQSXW DOSKDEHWYV RU V\P



Xx $ WUDQVLWLRQ IXQFWLRQ / WKDW PDSV IUR
VWDWH WR PRUH WKDQ RQH VWDWH RQ DQ LQS

X $Q LQLWLDO VWDUW VWDWH GHQRWHG E\ T

X $ VHW RI ILQDO VWDWHY GHQRWHG E\ )

7KH WUDQVLWLRQ DOZD\V RRIJUGD ®V) L QIOWLOOXWWDWH T
VIPERO IURP WKH VHW ™ WKH WUD@MLWLRQ IXQFWLRQ /
DQRWKHU VWDWADLWDOD V\PEROV RI WKH LQSXW VWULQJ
UHDG DQG WUDQVLWLRQ KDSSHQV RQ HDFK LQSXW XQW
UHDFKHG

$ ')$ LV D IDVWHU UHFRJQL]JHU WKDQ 1)$ EXW PXFK ELJ.
HTXLYDOHQW 1)$ ,W LV HDV\ WR LPSOHPHQW LQ VRIWZD
%RWK FDQ UHFRJQL]JH UHJXODU H[SUHVVLRQV +RZHYH
GLIILFXOW WR FRQVWUXFW WKDQR1)$Y$ ')$ LV DOVR D VSH
LQ ZKLFK

7KHUH LV QR % WUDQVLWLRQ WKDW LV QR WU
LQSXW Y

YRU HDFK LQSXW uDY DQG VWDWH 6 WKHUH LV T
HGJH ODEHOHG puDY IURP 6

,Q RWKHU ZRUGV LW FDQ EH VDLG WKDW D ')$ LV XQDP
1)$V ,W DOVR FRQVLVWV RI WX®SQNYVYWILRKX D GLIIHUHQF
IXQFWLRQ /

7TUDQVLWLRQ 'LDJUDP

$ ILQLWH DXWRPDWRQ LV EHVW GHVFULEHG E\ D JUDSKLI
GLDJUDPPDWLF UHSUHVHQWDWLRQ LV FDSDEOH RI UHFR.
H[SUHVVLRQV W LV D ODEHOHG GLMHFWHG JUDSK LQ Z
UHSUHVHQWHG LQ WHUPV RI ODEHOHG FLUFOHYV DQG HDFI
FLUFOHVY LV UHSUHVHQWHG DV ODEYWG®RHG DUFV &RQFDWH
WKH DUFV SURGXFHV WKH WRNHQ WR EH UHFRJQL]HG $
FRQVLVWY RI D ILQLWH QXPEHU RI VWDWHYV 7KH ILUVW V
JHQHUDWLRQ RI WKH DXWRPDWRQ EWJL®YV LV FDOOHG W
DOZD\V PDUNHG ZLWK DQ DUURZ SRIROWLQJ WRZDUGV LW
WKH UHFRJQL]JHU LV WHUPHG DV WKAZAHHM@ DO RU DFFHSWL
WKH LQWHUPHGLDWH VWDWHY DQWHE@EIUDWHG (DFK VW
FLUFOH ZLWK WKH QDPH RI WKH VWDWH LQVLGH LW 7
UHSUHVHQWHG XVLQJ GRXEOH FRQFBOWULF FLUFOHV 7ZI
MRLQHG E\ ODEHOHG DUURZV 7KLV LPSOLHV WKDW XSR(
LQRSXW VI\PERO IURP RQH VWDWH D WUDQVLWLRQ KDSSH!



TUDQVLWLRQV WDNH SODFH XQWLO XMKH ILQDC
MRLQ WKH V\PEROV RI WKH DUFV ITIHRPHWNDUW
WKH VWULQJ DFFHSWHG E\ WKH ILQLWH DXWI
WUDQVLWLRQ GLDJUDP RI D ILQLWH DXWRPDWR

(D))

)LJ JLOQOLWH DXWRPDWRQ ZKLFK DFFHSWYV \

7KH ILQLWH DXWRPDWRQ EHJLDQRFZEWRQNKH V\
HQFRXQWHULQJ LQSXW V\PE RSOWU D QMU VWP IRR/GH V U\
T WRKDSSHQV RQ LQSXW V\PERO pRY )LQDOO\
DXWRPDWRQ W WDR) WLK\HV | LWQFDFOZTV WIDZNHH MIRL QW K
VIPEROV IWRPTZH FDQ FRQFOXGH WKDW WKH IL
DFFHSWV WKH VWULQJ 3IRU° ,W LV WRUWK PH
DXWRPDWRQ PD\ KDYH PRUH WKDQ RQH ILQDOC
QRWHG WKDW WKH PDFKLQH PD\ EH HLWKHU
DFFHSWLQJ VWDWH ,I LW LV LQXISAHG! SWK DOV W W
VWULQJ LV DFFHSWHG E\ WKH ILQLWHYRWDWH
DFFHSWHG E\ WKH PDFKLQH 7KH DHWOQRMWBOO
VWDWH PDFKLQH LV WHUPHG DV 5HJXODU /DQJ}

7KH DXWRPDWRQ LV GHWHUPLQLVWIDFIOV VLQJC(
VWDWH 7KH WUDQVLWLRQ IXQFWLRQ PDSV IUR
VFDQQLQJ RI DQ LQSXW V\PERO ,W ZRUNV LQ V

[ T T
/I TR T
/[ T U T

TLVLQDFFHSWLQJ VWDWH DV HQG RI VWULQJ
TUDQVLWLRQ 7DEOH

$ ILQLWH DXWRPDWRQ LV LPSOHPHQWHG XVLQ
GDWD VWUXFWXUH ZKLFK UHVHPEOHV D WUD(
WDEOHV D WUDQVLWLRQ WDEOH LVZDWKR GLYI
URZ UHSUHVHQWLQJ WKH VWDWHY DQG FROX
VIPERO $ WUDQVLWLRQ IXQFWLRQ LWUHVHPEC
LQVWDQFH VXSSRVH D WUDQVR LIRXS XXMQ EWY R



UHDFKHV DQRWKHH HQWDW H RIU WKH URZ LQ WKH WDEOH
VKRZQ LQ WDEOH

7DEOH 7UDQVLWLRQ WDEOH
6WDWH ,QSXW V\PERO
D
T AT

7TUDQVLWLRQ WDEOH SURYLGHV IDVWHHW DFFHVV WR WKH '
RQ DQ LQSXW FKDUDFWHU %XW LW FRQVXPHV D ORW RI
RI WKH LQSXW VWULQJ LV ODUJH

JHW XV FRQVLGHU DQRWKHU H[DPSOMVH/KH ILQLWH DXWRPF
T 2Q LQSXW LW PRMYHYQSRW WIWMHDIRK A G

JURP RQ LQSXW  WKH ILQLWH DXWRPDWRQ ORRSV LWVH
PRYHV WR WKH GGWDWWNVDMWH DFFHSWLQJ VWDWH 7KH
FRUUHVSRQGLQJ WUDQVLWLRQ WDEOH ZRXOG EH DV IROO

7DEOH 7UDQVLWLRQ WDEOH
6 WDWH ,QSX|W V\PERO
D E
> T AT AT
T AT AT
T

,Q D WUDQVLWLRQ WDEOH WKH DQLMMLOD®RZVWDWH LV DOZ
SUHFHGLQJ LW 7KH ILQDO VWDWH LV UHSUHVHQWHG E\ D
LW 7KLV ZD\ ZH FDQ FRQVWUXFW WUDQVLWLRQ WDEO
DXWRPDWRQ

&+(&. <285 352*5(66 * ,,
5HJXODU H[SUHVVLRQV UHSUHVHQW|WKHBBBBBBBBBB
7KHVH UHJXODU H[SUHVVLRQV DUH WUDQVODWHG LQ\
$ ILQLWH DXWRPDWRQ FDQ EH BBBBBB RU BBBBBBBBE
BBBBBBKDV PRUH WKDQ RQH WUDQVLWLRQ RQ WKH VI




BBEBBBBBBBBBBBBBBBBBBBBBB RQ PQ LQSX
WUDQVLWLRQ LV SRVVLEOH IURP D|JLYHQ V
$ ')$ LV D IDVWHU UHFRJQL]JHU WKDQ 1)$ 6\
7UDQVLWLRQ GLDJUDP LV FDSDEOH RI
BBBBBBBBBBBBBBBBBBBB
$ ILQLWH DXWRPDWRQ FRQVLVWV RI D ILQL
7UXH RU )DOVH
7KH ILQDO VWDWH LV UHSUHVH(
BBBBRBBBBBBBRBBBBBBBBBBBBBBBBE
$ BBBBBBBBBBBBBBBBBBB LV DOV[R GLYLG
FROXPQV

&2167588&7,21 2) ),1,7( $8720%$721

IHW XV FRQVWUXFW VRPH GHWHUPLQLVWLF
FRQVLGHULQJ UHJXODU H[SUHVVLRQV DV H[DP S

&RQVWUXFWLRQ RI ")$

([IDPSOH'UDZ D ')$ ZLWK DOSKDEHW ™ "D E°
WKH VWULQJ 3DDEE"’

)LJ 'Y$ WKDW DFFHSWV WKH VWULQJ 3

7KH ILQLWH DXWRPDWR Q@ @ HIH Q& LOLIWIKQ 8 W\l WA
D LW UHDFKHURPWRRYH QSXW D WKH ILQLWH
UHDFKHM TUHDGLQJ LY SMDAEKHG )JLOQP@®O\ IUR
UHDGLQJ LQSXW E WKHVDFRBBMH®J WKWMDWIR T
ILQLWH DXWRPDWRQ DFFHSWV WKH VWULQJ 3D
IRU WKH DXWRPDWRQ FDQ EH GHILQHG DV

/| TD T
/| TD T



/I TE T
/I TE T
$QG WKH FRUUHVSRQGLQJ WUDQVLWLRQ GLDJUDP ZRXOG

7DEOH 7TUDQVLWLRQ WDEOH DFFHSWLQJ VWULQJ 3|
6WDWH ,QSXW V\PERO
D E
— T ANT
T AT
T AT
T AT
T

([IDPSOHUDZ D ')$ ZLWK DOSKDEHW ™ AD E° ZKLFK DFFHS
VWULQJYV VWDUWLQJ ZLWK puDT1

a,b

)LJ 'Y$ WKDW DFFHSWV DOO VWULQJV VWDUWLQJ ZL

7KH ILQLWH DXWRPDWRE MWSXWNVD B WL WWFORMWHH T WR VWD W |
T ZKLFK LV DQ DFFHSWLQJ RU ILQDRHVWDWH 7KLV DXWR
VWULQJ 3D° 1RZ IRU DQ\ QXPEBBRIBIVDYWVIHDG EfV WKH
UHVXOWLQJ LQ DFFHSWDQFH RI DQ\ VWULQJ EHJLQQLQJ
QXPEHU RI DYV DQG EYJV 7KHUHIRUH WKH ILQLWH DXWRI
VWULQJ DD _E ZLWK SRVVLEOH VWULQJY OLNH D DD DE

7TKH FRUUHVSRQGLQJ WUDQVLWLRQ IXQFWLRQV ZRXOG EH

/| TD T
/| TD T
/I TE T

$QG WKH WUDQVLWLRQ WDEOH ZRXOG EH



TDEOH TUDQVLWLRQ WDEOH DFFHSWLQJ

6WDWH ,QSXW VI\PERO
D E
— T T
T T T

$V WKHUH LV QR PRYH RRXLBB3@W: EDIA RPWIUD Q"
VWDUWLRDUWIXWLDSXW E 7KLV DWAKDERW\D MHZ
GHDG VWDWH

([IDPSOHUDZ D ')$ ZLWK DOSKDEHW ™ A ° ZK|
VWULQJV HQGLQJ ZLWK p 1

7KH DXWRPDWRQ EHJLWX H MWK VQUDRMRQ VLVWYV |
VWULQJ ~° LW UHDFKHKXHMKNWULQD P VM BVWDBIOV
PDQ\ QXPEHUV RI YV DQG WKHQ ILQMIM®DO\ D p I
ORRSV RQ TV DRD WKHQ7KMR ITQLWH DXWRPD
HQFRXQWHU YV DQG TV LQ EHWZHHQ EHIRUH

)LJ 'Y$ WKDW DFFHSWV DOO VWULQJV HC

7KH FRUUHVSRQGLQJ WUDQVLWLRQ IXQFWLRQV

[T T
[T T
[T T

[T T

$QG WKH WUDQVLWLRQ WDEOH ZRXOG EH

di



7TDEOH TUDQVLWLRQ WDEOH DFFHSWLQJ VWULQJ ZKLF

6WDWH 'QSXW V\PERO
> T AT AT
T AT AT

([DPSOHUDZ D '")$ IRU WKH ODQJXDJH DFFHSWLQJ VWULQJ
ZLWK p T RYHU LQSXW DOSKDEHWY ™ A ’

7KH VWULQJ PD\ FRQWDLQ RQO\ »~ ° )JURP WKH LQLWLDO
FRQVHFXWLYH TV WKH ILQDO VWDWKIWYVY UHDFKHG +RZH?
EHJLQ ZLWK YV ,QWHUPHGLDWH ¢9qV PD\ DOVR H[LVW

)LJ ')$ WKDW DFFHSWYVY DOO VWULQJY HQGLQJ ZLWK

7KH LQLWLDO VWDWQAQRVUKWKHQPOLWWDWH LV T )LJXUH
GHSLFWV WKH WUDQVLWLRQ GLDJUDP IRU WKH JLYHQ VWL

$FFRUGLQJO\ WKH WUDQVLWLRQ IXQFWLRQV ZRXOG EH

[T T
[T T
[T T

[T T
[T T

[T T

$QG WKH WUDQVLWLRQ WDEOH ZRXOG EH

oi



7TDEOH TUDQVLWLRQ WDEOH DFFHSWLQJ V

uoT
6WDWH 'QSXW V\PERO
> T AT AT
T AT AT
T AT AT

([DPSOHUDZ D ')$ ZLWK DOSKDEHW ™ AD E Z¥k
VWULQJYV VWDUWLQJ ZLWK uDY DQG HQGLQJ ZL\

7KH ILQLWH DXWRPDW RIQ &WOQU WY S XMWV KDWW DW |
VWDWHKH QH[W LQSXW PLJKW EH pEY 2Q WK
DXWRPDWRQ PRYHV WR WKH ILQDKLVRUVDFFH
DSSOLFDEOH IRU WKH LQSXW VWULQHQ@DE ~ %X
QXPEHUV RI DYV DQG EfV PLJKW DSSHDU LQ
7KHUHIRUH WKH ILQLWH DXWRPDWRQ PLJKW E|I

)LJ 'Y$ WKDW DFFHSWV VWULQJV VWDUWLQ
ZLWK pET

7TKH WUDQVLWLRQ IXQFWLRQ ZRXOG EH JLYHQ

/| TD T
/| TD T
/I TE T
/I T D T
I TE T

$QG WKH FRUUHVSRQGLQJ WUDQVLWLRQ WDEOI

of



7DEOH 7UDQVLWLRQ WDEOH DFFHSWLQJ VWULQJV VW
DQG HQGLQJ ZLWK pET

6WDWH ,QSXW VI\PERO
D E
— T AT
T AT AT
T T AT

([IDPSOHUDZ D ")$ ZLWK DOSKDEHW ™ "D E° ZKLFK DFFHS
VWULQJYV KDYLQJ WKUHH FRQVHFXWLYH DYV

)LJ 'Y$ WKDW DFFHSWYV DOO VWULQJY KDYLQJ WKUHH F

7KH ')$ EHIJLQV ZRZWKFKWIURIE XFH\RQH[WSXWDWH T
D URPWKH ')$ HYHQWXDOO\ PRBR® WRR/WDWHV T
FRQVHFXWLYH DYV 7KHUHIRUH WKH ')$ DFFHSWV +RZ
PLJKW EH Rl WKH IRUP EDDD EEDDD EDDDE EEDDDEEE |
BWDWH T VHOI ORRSV RQ DQ\ QXPEHU RI EfV 7KHQ DIW
WKUHH FRQVHFXWLYH DYV DQ\ QXPEHU RI EfV PD\ WDNH
VHOI ORRSV 7KHUH LV DQRWKHU SRVVLELOLW\ Rl HQFRXC
QXPEHUV RI TV DJDMWXRIXO DLW WKD W

7KH WUDQVLWLRQ IXQFWLRQ ZRXOG EH JLYHQ E\

/| TD
/I TE
/| TD
/| T D
/| T D
I TE

o e e i B

$QG WKH FRUUHVSRQGLQJ WUDQVLWLRQ WDEOH ZRXOG EF

ol



7TDEOH TUDQVLWLRQ WDEOH DFFHSWLQJ
FRQVHFXWLYH DTV

6WDWH 'QSXW V\PERO
D E
> T AT AT
T AT
T AT
T AT AT

([(DPSOHUDZ D ')$ ZKLFK DFFHSWV DOO VWULQ.
RYHU DOSKDEHW ™ A )

| WKH VWULQJ FRQWDLQV RQO\ D QDOLW LPP
VWDWH RQ LQSXW ,1 DQ\ RWKHU FEWHDFWHU
ZLOO VHOI ORRS 7KH ILQLWH DXWRPDWRQ ZR:
DQ\ RWKHU V\PERO LV UHDG IURP T

J)LIXUH GHSLFWV WKH ILQLWH DXWRPDWRQ |

)LJ ')$ WKDW DFFHSWV DOO VWULQJV VYV

6LPLODUO\ WKH WUDQVLWLRQ IXQFWLRQ IRU W

[T T
[T T
[T T

$QG WKH FRUUHVSRQGLQJ WUDQVLWLRQ GLDJU

00



7TDEOH TUDQVLWLRQ WDEOH DFFHSWLQJ VWULQJV VW

6WDWH ,QSXW VI\PERO
D E
— T AT
T AT AT

&RQVWUXFWLRQ RI 1)$

$Q 1)$ PD\ DWWDLQ PRUH WKDQ RQH VWDWH RQ UHDGLQJ
/IHW XV DJDLQ GUDZ VRPH QRQ GHWHUPLQLVWLF ILQLWF
FRQVLGHULQJ UHJXODU H[SUHVVLRQV DV H[DPSOHYV

(IDPSOHHVLJQ DQ 1)$ ZLWK ™ "D E ZKLFK DFFHSWV I
VWULQJY HQGLQJ ZLWK DE

7KH ILQLWH DXWRPDWRQWE DWW U LQWW RMWDLWB T VWDWH R
UHDGLQJ WKH VWULQJ ~DE" ,I "DE" LV SUHFHGHG E\ DQ\
DQG ETPWRRISY LWVHOI 7KH DXWRPDWRQ UHDFKHV WZR VW
uD v

a, b
7
By o

)LJ 1)$ WKDW DFFHSWYVY DOO VWULQJY HQGLQJ ZLW

7KH FRUUHVSRQGLQJ WUDQVLWLRQ IXQFWLRQV ZRXOG EH

/| TD T
| TE T
| TE T

$QG ILQDOO\ WKH WUDQVLWLRQ WDEOH ZRXOG EH



7TDEOH TUDQVLWLRQ WDEOH DFFHSWLQJ V

6WDWH 'QSXW V\PERO
D E
> T AT T AT
T AT
T

([DPSOHHVLJQ DQ 1)$ LQ ZKLFK DOO WKH VWL
VXEVWULQJ RYHU WKH DOSKDEHW

)LJ 1)$ WKDW DFFHSWYVY DOO VWULQJV FRQYV

'LWK WKH LQLWWLDH IV DRHVTWKURXJK WKUHH
VWDWHV E\ UHDGLQJ WKUHH FRQVHFWWHYH TV
ILQDO VVRMWIHQ XW JRU DQ\ FRQVHFXWLYH ¢
SULRU WR WKH VXEVWULQJ 06 WVAH.@IDWROR S R
VHTXHQFHV RI YV DQG TV PD\ DSSHDU IROORZ
DW VVWDWHDT ORRS RFFXUYV

7KH FRUUHVSRQGLQJ WUDQVLWLRQ IXQFWLRQV

AT
ATT
AT

| T
T
T
I T AT
T
T
T

/

/ AT
AT
AT

/
/

7TKH WUDQVLWLRQ WDEOH IRU WKH ILQLWH DXW

00



7TDEOH TUDQVLWLRQ WDEOH DFFHSWLQJ VWULQJV F
VXEVWULQJ

6WDWH 'QSXW V\PERO
> T AT | AT T
T AT
T AT
T AT
T AT AT

(IDPSOHHVLJQ DQ 1)$ ZLWK ™ "D E ZKLFK DFFHSWYV I
VWULQJV RI OHQJWK

)LJ 1)$ WKDW DFFHSWVY DOO VWULQJV RI OHQJWK

BWDUWLQJ ZLWWKH VWS WRIHVRW RL Y S$WOW M\PERO D RU
E 7KH DXWRPDWRQ UHDFHRFRWKH) SIXQWD O RWIEWH T
7KH FRUUHVSRQGLQJ WUDQVLWLRQ IXQFWLRQV IRU WKH 1

/| TD AT
/| TE T
/| T D AT
/| TE T

$QG WKH WUDQVLWLRQ WDEOH ZRXOG EH

00



7TDEOH TUDQVLWLRQ WDEOH DFFHSWLQJ

6 WDWH ,QSXW V\PERO
D E
T AT AT
T AT AT
T
([IDPSOHHVLJQ DQ 1)$ ZLWK ™ A~  ° ZKLFK D

VWULQJV KDYLQJ VHFRQG ODVW HOHPHQW
7KH SUREDEOH VHW Rl VWULQJYV DFFHSWHG E\ !

/ AN

KKK

TKHUHIRUH WKH ILQLWH DXWRPDWRQ ZRXOG E

)LJ 1)$ WKDW DFFHSWYV DOO VWULQJV KDYL

7KH WUDQVLWLRQ IXQFWLRQV ZRXOG EH JLYHQ

/T AT
I T ATT
T AT
T AT

7KH WUDQVLWLRQ WDEOH IRU WKH ILQLWH DXW



7TDEOH TUDQVLWLRQ WDEOH DFFHSWLQJ VWULQJV KI
ODVW HOHPHQW

6 WDW H 'QSXW V\PERO
T AT A TT
T AT AT
T

7KH ILQLWH DXWRPDWRQ VW DUMVUHDNFKHAWVKWKHKLWLDO V\
ILQDO VWDWH T

(IDPSOHHVLJQ DQ 1)$ ZLWK ™ A " ZKLFK DFFHSWV D¢
VWULQJYV KDYLQJ HLWKHU RU DV VXEVWULQJ

7KH ILQLWH DXWRPDWNQWKHILQY WILINK VIWDWH W FRQWL
WZR ILQDO VWDWHYVY RQH IRU DFFHSWLQJ DV VXEVWULQ
DV VXEVWULQJ 7KH ILQLWH DXWRPDWRQ ZRXOG EH

yLJ 1)$ WKDW DFFHSWYV DOO VWULQJV KDYLQJ VXEVWL
RU

7TKH FRUUHVSRQGLQJ WUDQVLWLRQ IXQFWLRQV ZRXOG EH

/T ATT
/T ATT
I T AT
I T AT
I T AT



/I T AT
I T AT
I T AT

)LRQDOO\ WKH WUDQVLWLRQ WDEOH IRU WKH IL

7DEOH 7UDQVLWLRQ WDEOH DFFHSWLQJ V
RU DV VXEVWULQJ
6 WDWH 'QSXW V\PERO
T AT T AT T
T AT
T AT AT
T AT
T AT AT
(IDPSOMRQVWUXFW DQ 1)$ ZLWK ™ A LQ Z}

VWDUWYV ZLWK 2~ DQG HQGV ZLWK 38~ WR UHDFFk

7KH 1)$ VWDUWYV ZKWK NWRWEBRVVLEOH VWULQ.
WKH ODQJXDJH ZRXOG EH

/ N

«

~

7KH FRUUHVSRQGLQJ ILQLWH VWDWH DXWRPDW

1

)LJ 1)$ WKDW DFFHSWV VWULQJV VWDUWLC
ZLWK 3~



7TKH WUDQVLWLRQ IXQFWLRQV ZRXOG EH

I T AT
/T AT
I T AT
/T AT
/I T AT

$QG WKH WUDQVLWLRQ WDEOH ZRXOG EH

/DEOH 7TUDQVLWLRQ WDEOH DFFHSWLQJ VWULQJV VW
DQG HQGLQJ ZLWK 3~
6WDWH ,QSXW VI\PERO
— T AT
T AT T
T AT T
([(DPSOKRQVWUXFW DQ 1)$ ZLWK ™ A " IRU WKH ODQJXI

APQ pe. DQG Q-

YLJ 1)$ WKDW DFFHSWVPWKHPOD QIX®JH / A
Qe
7KH ILQLWH DXWRPDWRQ KDV RU PRUH RFFXUUHQFHV R
RQH 6LQFH Q!
7KH VHW Rl SRVVLEOH VWULQJY DFFHSWHG E\ WKH ODQJX

/| N «



7TKHUHIRUH RQ DQ\VHIOQ SRR SYW DLWHKYHQY S X W
WR T7KHQ IRU DOO RWWHO@I ORRIYWDIKH ™WUDC
IXQFWLRQV IRU WKH ILQLWH DXWRPDWRQ ZRXO

I T AT
I T AT
I T AT

$QG WKH WUDQVLWLRQ WDEOH ZRXOG EH

7DEOH 7UDQVLWLRQ WDEOH BFFHSWLQJ
Pe DQG Q-

6WDWH ,QSXW V\PERO

> T AT | AT

T AT

([DPSOKRQVWUXFW DQ 1)$ ZLWK ™ AD E' IRU
~DE_ Q-

7KH 1)$ EHJLQV ZLMWK WWWWRI BRVVLEOH VWUL
E\ WKH ODQJXDJH LV

| "DE DEDE DEDEDE ««°

7KH WUDQVLWLRQ GLDJUDP IRU WKH ODQJXDJH

)LJ 1)$ WKDW DFFHSWV WRH @QDQJXDJH /

7KH WUDQVLWLRQ IXQFWLRQV FRUUHVSRQGLC
ZRXOG EH

/| TD T
| TE T
/| TD T

ld

=1



$QG WKH WUDQVLWLRQ WDEOH ZRXOG EH

7DEOH 7UDQVLWLRQ WDEOH BFFHSWLQJ ODQJXDJH .
P+ DQG Q-

6WDWH ,QSXW V\PERO

D E
— T AT

&RQVWUXFWLRQ RI 1)$ ZLWK A WUDQVLWLRQV

1)$ FDQ FKDQJH LWV VWDWH ZLWKRXW UHDGLQJ DQ LQS
WUDQVLWLRQ LV GHSLFWHG E\ ODE&RPHQJ WKH DSSURSUL
QRW EHORQJ WR DQ\ LQSXW DOSKDEHW %RWK 1)$ DQG A
WKH VDPH AWQDXDIHVLRQ GRHV QRW H[WHQG WKH FDSDELI
ODQJXDJH A FORVXUH RI D VWDWHFEKFBQNMLVWY RI D VHW
UHDFKDEOH IURP ; ZLWK RQO\ QX0OO PRYH LQFOXGLQJ :
A FORVXUH IRU D VWDWH FDQ EH REWDLQHG E\ XQLRQ RS
ZKLFK FDQ EH UHDFKHG IURP WKDW VWDWH LQFOXGLQJ W

([DPSOH'UDZ D 1RQ GHWHUPLQLVWLF )LQLWH $XWRPDWD
DFFHSWV WKH VWULQJ 3DE’

7KH ILQLWH DXWRPDWR® LMMWESDXWWWVD B WL WWDRWHH M WR VWD W |
T J)URPWIKH ILQLWH DXWRPDMRMDKPRR H'Q SWKRVV W BHIWH T
R@AWUDQVLWLRQ REHM@SXRPVIPERO PEY WKH 1)$ PRYHV
WR WKH ILQDO VWDWH T

)LJ 1)$ ZLWK A WUDQVLWLRQ WKDW DFFHSWV WKH V'



([bPSOH'UDZ D 1RQ GHWHUPLQLVWLF )LQLWH
DFFHSWV WKH VWULQJ 3D _ E°

7KH 1)$ EHJLQV ZLTKKH QAMRRWH TLW PRYHV WR \
GLIITHUHQWD QW DIWRIRDT G WKH 1)$ PRYDHGGWR T

T UHVSHFWLYHO\ RQ UHDGLQJ LQSXW V\PEROV
DQG ROWUDQVLWLRQ LW PRYHV WR ILQDO VWD

)LJ 1)$ ZLWK A WUDQVLWLRQDWKBW DFFEH S

([DPSOH'UDZ D 1RQ GHWHUPLQLVWLF )LQLWH
DFFHSWV WKH VWULQJ 3D _ E _ F°

)L J 1)$ ZLWK A WUDQVLWLRQDWKPW BDFFHS'

7KH 1)$ EHJLQV ZLWE VOSDXWH DY WKH DXWRF
ORRSV 7KHQNKIRPXWRPDWRQ PRMEVR®Y R @ SWOMW
LEY VIHOI ORRSW RNV QR&WUDQVLWLRY 6WDW
WKH ILOQODO VWDWH ZKLFK VHOI ORRSV RQ LQSX

([bDPSOH'UDZ D 1RQ GHWHUPLQLVWLF )LQLWH
DFFHSWV WKH VWULQJ 3DD _ EE ~



)L J 1)$ ZLWK A WUDQVLWLRQDWKDMEFFHSWY WKH VW

7KH 1)$ VWDUWYV ZILWKK WVIVDWLM ITRQ WKH 1)$ PRYHV WR
VWDWBQGTJURP RQ LQSXW V\PERO puDY D WUDQVLWLRQ W
ILQDO VWDWMGH +HUH IRU DQ\ QX¥MEHU RI DYV VWDWH
ORRSV 6LPLODUO\WRQUIRPPSXWDWPRERO pEY D WUDQVLWLRQ
WKH ILQDWDWNHIVWSODFH +HUH DOVR IRU DQ\ QXPEHU RI E
TVHOI ORRSV

5(*8/$5 (;35(66,21

5HJXODU H[SUUNYHRWY DRSDWWHUQ RU D VHTXHQFH RI
FKDUDFWHUV DQG PHWD FKDUDFWHHKWWHKDW GHVFULEHYV
VWULQJV PDWFK WKLV SDWWHUQ & WDHJIH[ DFFHSWV FHUW
UHMHFWVY WKH UHVW $ UHJXODU H[SUHVVLRQ PD\ FRP.
FKDUDFWHUV RU D FRPELQDWLRQ RI VLPSOH DQG VSH
3DWWHUQV DUH ZULWWHQ E\ HQFORVLQJ EHWZHHQ VOD
UHJH[ LV FRQVWUXFWHG E\ FRPELQLQJ VLPSOHU VXE HJ[S
SDWWHUQV DUH PDWFKHG WR ILQG WKH H[DFW VHTXHQF
VWULQJV %\ GHIDXOW PDWFKLQJ LKWHFDVH VHQVLWLYH
SDWWHUQ VWXGHQW PDWFKHV WKH FKDUDFWHU FRPELQ
ZKHQ WKH H[DFW VHTXHQFH 3VWXGH®W  RFFXUV 6SHFLD
VSHFLDO PHDQLQJV LQ D UHJXODU H[SUHVVLRQ 6XFK |

LOQFOXGH GRW EUDFNHW > @ SDUHQWKHVLYV RU
RFFXUUHQFH LQGLFDWRUYV TN SRVLWLRQ DQFKRU!
7TKH GRW RSHUDWRU PDWFKHYVY DQONSHFLDO FKDUDFWFE

JRU LQVWDQFH 3« " PDWFKHV IRXU FKDUDFWHUV IURP D V

-XVW WR UHFDOO D ILQLWH DXWRPDWRQ )$ LV DQ DEVW
EH XVHG WR UHSUHVHQW FHUWDLQ FRPSXWDWLRQV $
QXPEHU RI VWDWHY DQG HGJHV FRQQHFWLQJ WKHVH VWD
VI\PERO WKH ILQLWH DXWRPDWRQ PRYHV WR DQRWKHU V
WKH LQSXW ODEHO PDUNV WKLV WUDQVLWLRQ ,I WKH ILC

=1
=1



D ILQDO VWDWH DIWHU VFDQQL®XBDADQLWW L
DXWRPDWRQ DFFHSWV WKH VWULQJ 2WKHUZLV

$ UHIJXODU H[SUHVVLRQ LV GHILQHG E\ UHJXC
VRPH RSHUDWLRQV SHUIRUPHG RQ WKHVH ODQ.

X 8QLRRY) WZR VHWV LQFOXGHYV DOO WKH HOF
H[DPSOH WKH XQLRQ RI VHWV ~DE EF FD
GHILQHG E\ WKH VHW ~DE EF FD FE DEF"

X TKIFRQFDWHRIDWZRQ/HWV FDQ EH GHILQHG
RSHUDWRU EHWZHHQ WKH VHWV )RU H[DP¢
DQG "DEF % LV GHILQHG E\ DV IROORZV

"DE EF FD ~“DEF Y "DE DEF DE ¥ EF
FD Ya

"DEDEF DE EFDEF EF FDDEF FD°

X TKHOHHQRISHUDWLRQ LV D XQDU\ RSHUDWL|
WHUPHG DV FORVXUH 7KLV RSHUDWLRQ ¢
FRQFDWHQDWLRQV RI VWULQJV /LNH LI /L

7
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/
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JRU LQVWDQFH OHW WKH ODQJXDJH EH /
/ 7

/
/ N N N N
/

« KL

/ NYa

7KLV LV WKH VHW RI DOO VWULQJV RI JHURV DC

SHIXODU ODQJXDJHV DQG ILQLWH DXWRPDWRC
JRU HYHU\ UHJXODU ODQJXDJH WKHUH LV D ILC



1RZ ZH VKDOO WU\ WR FRQYHUW UHJXODU H[SUHVVLE

FRUUHVSRQGLQJ 1)$V 7KHUH DUH FHUWDLQ UXOHV WR F
H[SUHVVLRQ LQWR DQ 1)$

JRU WKH UHJXODU H[SUHVVLRQ %» WKH 1)$ ZRXOG K

VWDWH :LWK LQSXW Y» WKH VWDUW VWDWH PRYHV )\
7KH 1)$ ZRXOG EH

JRU WKH UHJXODU H[SUHVVLRQ KDYLQJ RQO\ V\PERO
ZRXOG KDYH D VWDUW VWDWH :LWK LQSXW ¥ WKH
WR WKH ILQDO VWDWH 7KH 1)$ ZRXOG EH

OO

IHWYV FRQVLGHU DQRWKHU UHJXODU H[SUHVVLRQ D
FRQFDWHQDWLRQ RI WZR UHJXODU H[SUHVVLRQV D
VHSDUDWH 1)$V DUH FRQVWUXFWHG IRU WKH LQSXW
FRQQHFWHG WKURXJK 2WDUW WUDQVLWLRQ 7KH VWL
D ZLOO EH WKH VWDUW VWDWH RH WKH FRPELQHG 1)$%

RI 1)$ IRU E ZLOO EH WKH ILQDO VWDWH RI WKH FRP
7TKHUHIRUH WKH 1)$ ZRXOG EH

Y
3]
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6LPLODUO\ IRU WKH UHJXODU H[SUHVVLR(
H[SUHVVHG LQ WHUPV RI WZR DXWRPDWD
WKURXJK D FRPPRQ VWDUW VWDWH DQG D

JRU WKH UHJXODU H[SUHVVLRQ D WKH FR!
EH DV IROORZYV

1RZ ZH VKDOO WU\ WR FRQVWUXFW XRPH 1)$V
FRQVLGHU VRPH UHJXODU H[SUHVVLRQV

JRU WKH UHJXODU H[SUHVVLRQ DD E D
LQLWLDO VWDWH 20 LQSXW uDY LW PRY
1)$ DFFHSWLQJ DE LV FRQVWUXFWHG DF
UHDFKHV VWDWH )URP  WKH 1)$ UHDFK}

RQ LQSXWV puDY DQG WKHQ HEY 7KH ILQ
JLYHQ LQ WKH IROORZLQJ ILIJXUH

)LJ 1)$ DFFHSWLQJ VWULQJ D D E L

=1
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6LPLODUO\ OHW XV FRQVLGHU DQRWKHU UHJXODU H
DE DQG WU\ WR GUDZ WKH 1)$ IRU WKH VDPH

)LJ 1)$ DFFHSWLQJ VWULQJ D E DE

&219(56,21 2) 1)$ 72 ")$

1)V DUH PXOWLYDOXHG WKDW LV PRUH WKDQ RQH WUD
RQ UHDGLQJ RQH LQSXW V\PERO +RZHYHU FRPSXWHU VLI
DQ 1)$ LV UHDOO\ YHU\ KDUG ,Q RWHKMHWSOBI\ LW FDQ EH V
SDWKV PD\ H[LVW IURP VWDUW VWIOWHVWR DQ DFFHSWLQ
WKH GHILQLWLRQ RI DFFHSWDQFH ,Q RUGHU WR ILQG H[D
FRQVLGHU DOO WKDW DUH DYDLODEOH DQG WKHQ JHQH
DFFHSWLQJ VWDWH

| DQ 1)$ LV FRQYHUWHG LQWR LWV FRUUHVSRQGLQJ ")
UHFRJQL]H WKH VDPH ODQJXDJH (DAKQHQWU\ Rl WKH WUD
1)$ FRQWDLQV D VHW RI VWDWHVY KRZHYHU HDFK HQV
WUDQVLWLRQ WDEOH LV MXVW D VLRQOH VWDWH $Q 1)$
UHSUHVHQWY HDFK ')$ VWDWH FRUUKWSRQGLQJ WR D VHW
'Y$ XVHV LWV VWDWH WR NHHS WWOSRWQRI DOO SRVVLEOF
UHDGLQJ DQ LQSXW V\PERO 7KH DOJRULWKP WKDW FRQV
DQ 1)$ LV WHUPHG DV 6XEVHW FRQVWUXFWLRQ

SULRU WR JRLQJ LQWR WKH FRQYHUVLRQ SURFHVV OHW
EDVLF RSHUDWLRQVVDAHDI )i VRQWIKEBQG 7 DV D VHW
RI 1)$ VWDWHYV

A FORVXWHW VHW UHSUHVHQWY WKH 1)$ VWDWHV UHDFK!
JLYHQ VWAWUDQYWMWLRQV )RU WKH A)$ LQ ILIXUH W

=1
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FORVXUHHBUHVHQWY WKH VHW RI DOO VWDW
7KHUHIRANH ORVXUHTTT®

6LPLODUO\ O HWHMNORWEKWIHYRIUWKHXUH

A FORVXUHTT
A FORVXUH T
A FORVWXUH T

A FORVXUKH 7VHW R1 1)$ VWDWHY UHDFKDEOH IL
7 ROWUDQVLWLRQ DORQH

ORYH 7 7KH VHW RI 1)$ VWDWHV WR ZKLFK WK
IURP VRPH VWDWH V LQ 7 RQ DQ LQSXW V\PERO

‘H FRQVLGHU DQ 1)$ 1 WR FRQYHUW LQWR FRU
WKDW SXUSRVH DWW \FIRMIVRAU XWDEKG! | R U

'Y$ VHW FRUUHVSRQGV WR D VHW RI 1)$ VWDWH
IRU WKH 1)$ LQ ILIJXUH +HUH WKH VHW RI
VWDWH LQ ')$ LV DQ DFFHSWLQJ VWDWHVLI L
FRQWDLQLQJ DW OHDVW RQH DFFHSWLQJ VWDW

)LJ 1)$ DFFHSWILJEVWULQJ

BWHSSW ILUVVW PORN XIWNWTRP SXWMHQJ WKH VWDU
VWDWH RI WKH 1)$ 7KLV VHW UHBUHWHQWYV Wtk
PDUN WKLV VHW DV $

A FORVXUHTT T $

BWHS:H QRZ FRASK®RNVXUH PRNW PQG PRYH WR
VWDWH % 7KHQ® ZORAVRXRISXPRYE ®EPH LW VWD
&

7KH WHRWH $FRQWDLQV WKH VWDWHY KDYLQJ W
VWDWHV RI $ RQ LQSXWTUDNV W@ UBKQNVD ¥FDRE RR

ol



7KH®RYH $L¥ FRPSXWHG ZKLFK FRQWDLQV WKH VHW RI
KDYLQJ WUDQVLWLRQV IURP WKH VWDWHV RI $ RQ LQSX)
RQDKDV WUDQMUWLRQ RQ

A FORVXUH PRYH $ D' MATFORVXUH ~T
TKXWUDR) D@ %

A FORVXUH PRYH $ E° MTORVXUH ~T
7TKHUHWRWBR E@ &

6WHS 7KLY SURFHVV FRQWLQXHV ZLWK WKH QHZ XQPDU
& )LQEQDOO\ ZH UHDFK D SRLQW ZKWWH DOO WKH VWDWI
PDUNHG

7KHUHIRUH ZH VKDOO FRQWLFDRVEUM BRYH W R GHGXFH
D DQ& FORVXUH PR¥HPPQEVHH WKDW ERWK VHWV GR QR

KDYH DQ\ W U DQWL WILRWK HURERESIW H

6LPLODUO\ ZH KDYM FOWRVKXKILQHGPRXBHER D
FORVXUH PRYHH & DE) VHH WKDW ERWK VHWVY GR QRW KDY
WUDQVLWLTRQHIUWRRH W LREFXW p

'H KDYH IRXQG WKUHH GLIITHUHQW VWDWHYV IRU WKH FRUU

7TKXV WKH WUDQVLWLRQ WDEOH IRU WKH ')$ ZRXOG EH

7TDEOH 7TUDQVLWLRQ WDEOH '"WUDQ IRU ")$
6WDWH ,QSXW VI\PERO
D E
— $ % &
%
&

$QG WKH FRUUHVSRQGLQJ ')$ ZRXOG EH

o
\9\@

)LJ 'Y$ DFFHSWDQP &WULQJ ¢

of



7KH ')$ KDV WZR DFFHSWLQJ VWDWRWRKH IUR
ILQDO VWDWH % RQ LQSXW uDYT DQG WKH RWKH
LQSXW pHES

0,1,0,=%$7,21 2) ")$

$ UHJXODU H[SUHVVLRQ LV DOZD\V UHFRJQL]
'Y$ 7KLV VHFWLRQ ZLOO WU\ WR GLVFXVV R
PLQLPXP VWDWH ')$ E\ UHGXFLQJ WKH QXPEHL
'Y$ S5HGXFWLRQ WR PLQLPXP VWDWH ')$ VKRXO
WKDW LW GRHV QRW DIIHFW WKH ODQJXDJH E
'Y$ 0 D VHW Rl VWDWHY 6 DQG D VHMQRI LQSX
VWDWH V DQG DFFHSWV VWULQJ WHaXWURDOJRU
PLQLPL]LQJ WKH ")$ VWDWHV E\ ILQGLQJ DC
GLVWLQJXLVKHG E\ VRPH LQSXW VWULQJ 7KI
FDQQRW EH GLVWLQJXLVKHG LV PHUDHG LQWR
VWDWHY LV SDUWLWLRQHG ZLWK HDRKHSDUWL\
WKDW KDYH QRW EHHQ GLVWLQJXLVKHG IURP

VWDWHY FKRVHQ IURP GLITHUHQW JURXSV KDV
E\ VRPH LQSXW

,QLWLDOO\ WKHUH DUH WZR JURXSAVDL@GD SDU'
QRQ DFFHSWLQJ VWDWHYV $ JWRXSy\RUVVWDWH \
FRQVLGHUHG 2Q VRPH LQSXW V\PERO D ZH
WUDQVLWLR®W WEDOWHWDNH ,I| WKHVH WUDQVL
WZR RU PRUH GLIITHUHQW JURXSV RI WKH FXUU
EH VSOLW XS 6XSSRVHD RGP RYBXWR D (EWDNWH W
WRI WZR GLIIHUHQW JURXSV RI WKH SDUWLWLR
WZR VXEVHW\W R RWKWEK XLWK V

7KLY SURFHVV RI VSOLWWLQJ JURXSV LV UHS]I
QHHG WR EH VSOLW %HORZ ZH SUHVHQW WKH
QXPEHU RI VWDWHY RI D ")$

$OJRULWKP OLQLPL]JLQJ WKH QXPEHU RI VWDW|

,QSXW"')$ 0 ZLWK D VHW RI VWDWHYV 6 VHW RI
VHW RI WUDQVLWLRQV IRU DOO D/MWMGED ) WHWL R $ X'
DFFHSWLQJ VWDWHYV )

2XWSEW)$ 0ZLWK PLQLPXP QX FDEFHFW R L\QA DWVKIRY
VDPH ODQJXDJH DV 0



OHWKRG

$Q LQLWLDO SDUWLWLRQ § RI WKH VHW Rl VWDWH)
KDYLQJ WZR JURXSV WKH DFFHSWLQJ VWDWHV ) D
DFFHSWLQJ VWDWHYV 6 )
IRU HDFK JURXS * RI § GR EHJLQ
3DUWLWLRQ * LQWR VXEJUX®E VXFK WKDW WZR
RI * DUH
LQ WKH VDPH VXEJURXS LI DQG RQO\ LI IRU
V\PEROV D
WD BYH WUDQVLWLRQV RQ D WR VWDWHYV
VDPH JURXS §
UHSODREY WRH VHW RI DOO VXEJURXSV IRUPHG
HQG
I $nz 8§ OHWp&S DQG WKHQ FRQWLQXH ZLWK WKH
QH[W VWHS (OVH UHSHKHPDW VWHS ZLWK § 3
&KRRVH RQH VWDWH LQ HDFRKoBMRXS RI WKH SDUWI
WKH UHSUHVHQWDWLYH IRU WKDW JURXS 7KH UHSL
EH WKH VWDWHV Rl WKHWIBGEHRHG ')$ O
UHSUHVHQWDWLYH VWDWH DQG VXSSRVH RQ LQSX
WUDQVLWLROWRIHWEHRWKH UHSUHVHQWDWLYH R
WIVRXP D\ BWRH7KHE DY D WUDQWWWRLRQ IURP
URQ D /HW WKH VBHD WKH WBSWHRHQWDWLYH RI
WKH JURXS FRQWDL®IRQJOVWKHG VOMHDN W R/AV D W H
DFFHSWLQJ ¥W DWKHHVUMHSUHVHQWDWLYHY WKDW DUH
(DFK JURXSHBWKHU FRQVLVWY Rl RQO\ VWDWHYV LQ
KDV QR VWDWHYV LQ )
,| OKDV D GHDG VWDWISE WWREWYWLVY.VQRW WDWH
DFFHSWLQJ DQG WKDW KDV WUDQVLWLRQV WR LW\
VIPEROV WKHQRMHBROWHR UHPRYH DQ\ VWDWHYV
QRW UHDFKDEOH IURP WKH VWDUW VWDWH $Q\ WI
IURP RWKHU VWDWHY EHFRPH XQGHILQHG

&+(&. <285 352*5(66 £ ,,
1)$ FDQQRW FKDQJH LWV VWDWH ZLWKRXW UHDGL
VIPERO 6WDWH 7UXH RU )DOVH
$ UHJXODU H[SUHVVLRQ LV DOZD\V UHFRJQL]HG
BBBBBBBBBBBBBBBBBBBBBBBBBB
%RWK 1)$ DQG A 1)$ UHFRJQL]H WKH VDPH ODQJXDJI
7UXH RU )DOVH

o7



6800,1* 83

Xx $ ILQLWH VWDWH DXWRPDWRQ )6$ RU D
)60 LV DQ DEVWUDFW PDFKLQH ZKLFK
GHWHUPLQHG VHTXHQFH Rl VWDWHVY WR UH

X $ ILQLWH VWDWH DXWRPDWRQ LV D UHF
UHFRJQL]JHV D FHUWDLQ VWULQJ RI WRNHQ
LQSXW DQG DQVZHUV 3\HV' LI [ LV D VHQW
DQG ®*QR° RWKHUZLVH B5HJXODU H[SUHV\
OH[HPHV 7KHVH UHJXODU H[SUHVVLRQV DI
VWDWH DXWRPDWRQ )6$% RU ILQLWH VWDW

X 7KH OH[LFDO DQDO\VLV SKDVH LV UHVSR
WRNHQV IURP RI D VWULQJ RI FKDUDFWHL
UXOHV WR LGHQWLI\ D WRNHQ 7KHVH SDW
WKH UHJXODU H[SUHVVLRQV

X 7KH WHUP DOSKDEHW GHQRWHV D ILQLWH
EH HLWKHU QXPEHUV RU FKDUDFWHUV $ V
D ILQLWH VHTXHQFH RI VIPEROV JHQHUDW

x $ VHW RI VWULQJV IRUPHG RYHU DQ DO
ODQJXDJH $ ODQJXDJH PD\ DOVR FRQWDL
WKH VHW A%,°

X $ UHJXODU H[SUHVVLRQ LV GHILQHG E\ UHJ

X $ UHJXODU H[SUHVVLRQ LV VLPSO\ D VHT
PDWFK ZLWK WKH VDPH VHTXHQFH RI LQS
VRPH OH[LFDO UXOHV WR IRUP WKH UHJXO
DOSKDEHW ™

X 5HJXODU H[SUHVVLRQV PD\ EH JLYHQ QDP|
PRUH LQ D UXOH OLNH VWUXFWXUH ZKLF
JUDPPDWLFDO DSSURDFK ,W LV WKH RWK
WRNHQV

X J)LQLWH VWDWH DXWRPDWRQ LV RI WZR W
JLQLWH $XWRPDWRQ 1)$ DQG 'HWHUFP
$XWRPDWRQ ")$

X ,Q 'HWHUPLQLVWLF )LQLWH $XWRPDWD '
VIPERO RQO\ RQH WUDQVLWLRQ LV SRVVL
2Q WKH RWKHU KDQG D 1RQ GHWHUPLQL\
1)$ KDV PRUH WKDQ RQH WUDQVLWLRQ
VIPERO $QRWKHU LPSRUWDQW IHDWXUH R
s WUDQVLWLRQ LV SRVVLEOH 7KDW LV DC
ZLWKRXW UHDGLQJ DQ LQSXW V\PERO

00



x

$ ILQLWH DXWRPDWRQ LV EHVW GHVFULEHG E\ D JUDS
7KLV GLDJUDPPDWLF UHSUHVHQWDWLRQ LV FDSDEOH
WKH UHJXODU H[SUHVVLRQV

$ ILQLWH DXWRPDWRQ FRQVLVWYVY RI D ILQLWH QXPE}
EHIJLQV ZLWK WKH 6WDUW 6WDWH/ 7KH ODVW VWDWH
WHUPHG DV WKH ILQDO RU DFFHSWLQJ VWDWH ,Q
LQWHUPHGLDWH VWDWHY DUH JHQHUDWHG

$ ILQLWH DXWRPDWRQ LV LPSOHPHQWHG XVLQJ D WUL
LV D GDWD VWUXFWXUH ZKLFK UHVHPEOHYV D WUDQVL)
1)$V DUH PXOWLYDOXHG WKDW LV PRUH WKDQ RQH
RFFXU RQ UHDGLQJ RQH LQSXW V\PERO $Q 1)$ WrF
FRQYHUVLRQ UHSUHVHQWY HDFK ')$ VWDWH FRUUHVS
RI 1)$ VWDWHY ,1 DQ 1)$ LV FRQYHUWHG LQWR LWV F
'Y$ ERWK ZLOO UHFRJQL]H WKH VDPH ODQJXDJH

$ UHJXODU H[SUHVVLRQ LV DOZD\V UHFRJQL]JHG E\ D
VWDWH ')$

$16:(56 72 &+(&. <285 352*5(66

OH[LFDO

7TRNHQV

6WULQJ

/IDQJXDJH

Ya

UHJXODU VHW

OH[HPHYV

ILQLWH VWDWH DXWRPDWRAQ
GHWHUPLQLVWLF QRQ GHWHUPLQLVWLF
1RQ GHWHUPLQLVWLF )LQLWH $XWRPDWRAQ
'"HWHUPLQLVWLF )LQLWH $XWRPDWD
7UXH

UHJXODU H[SUHVVLRQV

7UXH

GRXEOH FRQFHQWULF FLUFOHYV
WUDQVLWLRQ WDEOH

J)DOVH

PLQLPXP VWDWH ")$

7UXH



3266,%/( 48(67,216
$ 6KRUW DQVZHU W\SH TXHVWLRQV

'KDW LV D )LQLWH 6WDWH ODFKLQH" ([SODL
'KDW LV ILQLWH DXWRPDWRQ" ([SODLQ LQ |
'KDW GR \RX PHDQ E\ VWULQJ Rl DOSKDEHV
:KDW GR \RX XQGHUVWDQG E\ VWULQJ RI O
:KDW LV UHJXODU H[SUHVVLRQ" ([SODLQ LG
([SODLQ WKH IXQFWLRQDOLWLHV RI 1)$
([SODLQ WKH IXQFWLRQDOLWLHV RI ")$
*LYH D GHWDLOHG GLVFXVVLRQ RI WUDQVL
([SODLQ WUDQVLWLRQ WDEOH LQ GHWDLO
'KDW LV 1)AWUWKVLWLRQ"

% /RQJ DQVZHU W\SH TXHVWLRQV

'"HVFULEH KRZ WRNHQV DUH VSHFLILHG
'HVFULEH VRPH Rl WKH RSHUDWLRQV SHUIR
*LYH D GHWDLOHG GLVFXVVLRQ RI UHJXOD!I
GHILQLWLRQ

'KDW DUH WKH GLIIHUHQW W\SHV RI ILQLWH
([SODLQ HDFK RI WKHP

'KDW DUH WUDQVLWLRQ WDEOH DQG WUDQ
WKH\ UHODWHG ZLWK HDFK RWKHU"
([SODLQ WKH SURFHVV RI FRQVWUXFWLQJ I
([SODLQ WKH SURFHVV RI FRQVWUXFWLQJ I

H[DPSOH

([SODLQ WKH UXOHV IRU FRQVWUXFWLQJ 1)
GLDJUDPYV

+RZ GR \RX FRQYHUW DQ 1)$ LQWR LWV FRL
([SODLQ

:KDW GR \RX XQGHUVWDQG E\ PLQLPL]DWLF

5()(5(1&(6 $1' 68**(67(' 5($',1*6

X %HUJPDQQ 6 &RPSLOHU GHVLJQ W
H[DPSOHYV
Xx 7KDLQ ,QWURGXFWLRQ WR FRPSLC

GHVLJQ /XOX FRP

00



x +ROXE $ &RPSLOHU GHVLJQ LQ & SS , :9,,
(QJOHZRRG &OLIIV 1- 3UHQWLFH +DOO

x $KR $ 9 /DP 0 6 6HWKL 5 DPS 800PDQ -
&RPSLOHUV SULQFLSOHV WHFKQLTXHV DQG WRROV 6H

-
-_—

-_—
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81,7
I(;

8QLW BWUXFWXUH

,QWURGXFWLRQ

8QLW 2EMHFWLYHV

/H[LFDO $QDO\]HU *HQHUDWRU
/H[LFDO (UURUYV

/H[ 7KH /H[LFDO $QDO\]HU *HQHUDWRU
+RZ /H[ :RUNV
6WUXFWXUH RI /H[ 3URJUDP

6XPPLQJ 8S

$QVZHUV WR &KHFN <RXU 3URJUHVYV

3RVVLEOH 4XHVWLRQV

5HIHUHQFHY DQG 6XJJHVWHG 5HDGLQJV

,1752'8&7,21

/IH[LFDO DQDO\VLV LV WKH ILUVWHKKRXMRA D F
SURJUDP DV LQSXW DQG EUHDNV LW LQWR D V\
DUH ODWHU SDVVHG LQWR WKH V\QWD[ DQDC
ZKHWKHU LW FRQIRUPV WR JUDPPDU RU V\Q
6 XEVHTXHQW SKDVHV RI FRPSLOHU DOVR JHQH
WKHVH LQSXWYV 7KHUHIRUH JHQHUDWLRQ RI C
FUXFLDO UROH IRU VXFFHVVIXO FRPSLODWLRQ
XQLwyv ZH KDYH JRW VRPH EDVLF LGHDV UHJD
FRPSLOHU DQG WKHLU IXQFWLRQDOLWLHV ,Q
OH[LFDO DQDO\|HU IXQFWLRQV LQ RUGHU WR
I[IURP D VRXUFH SURJUDP :H VKDOO DOVR VWX
JHQHUDWRU VLPSO\ NQRZQ DV OH[ RU IOH][

81,7 2%-(&7,9(6

$IWHU JRLQJ WKURXJK WKLV XQLW \RX ZLOO E



Xx 8QGHUVWDQG WKH IXQFWLRQDO FKDUDFWHULVWLF\
DQDO\]HU

.QRZ WKH GLIITHUHQW W\SHV Rl OH[LFDO HUURUYV
'"HVFULEH KRZ WKH /H[ WRRO IXQFWLRQV

.QRZ WKH VWUXFWXUH RI D /H[ SURJUDP
&RQFHSWXDOL]H WKH LGHDV Rl ZULWLQJ D /H[ SURJUL

X X X X

1(;, &%/ $1$/<=(5 *(1(5$725

$V DOUHDG\ GLVFXVVHG D OH[LFDO DQDO\]HU LV D SURJ
VWUHDP RI LQSXW FKDUDFWHUV IURP D VRXUFH SURJUDP
LQWR OH[HPHY DQG SURGXFH D VHTXHQFH WRNHQV IRU H
WRNHQV DUH VHQW WR WKH V\QWD[ DQDO\VLV SKDVH $ V'
UHFRUGV Rl HDFK LGHQWLILHU RFFXUULQJ LQ D SURJUDP
DQDO\]HU GHWHFWYV D OH[HPH UGISHPHHQOWLQJ DQ LGHQW
HQWHUHG LQWR WKH V\PERO WDEQHFD/XH LQWHUDFWLRQ
DQDO\]HU DQG WKH SDUVHU FDQ EH UHSUHVHQWHG LQ Wt
ILIXUH

aken
Source program Lexical rore > Parser To Semantic
AI[EIIYZCI' Analysis
N getNexttaken .
Symbol
Table
)yLJ , QWHUDFWLRQ EHWZHHQ WKH OH[LFDO DQDO\]HU

6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFKQLTXHV 7RROV
/IDP 6HWKL 8OOPDQ

KLOH JHQHUDWLQJ WKH WRNHQV WKH OH[LFDO DQDO\]H
FRPPHQWY DQG ZKLWH VSDFHV VXFK DV EODQN VSDFHV
HWF 7KH OH[LFDO DQDO\|JHU JHQHUDRDWHV HUURU PHVVDJ
YLRODWLRQ RI OH[LFDO UXOHV LQ WKH VRXUFH SURJUD
PD\ LQVHUW HUURU PHVVDJHV DW WKH SRVLWLRQV ZKH
RFFXUUHG :KLOH GRLQJ WKLV LW PDNHV DQ H[DFW FRS
SURJUDP $OWHUQDWLYHO\ WKH OH[LFDO DQDO\]HU PD\
QHZ OLQHV RI WKH SURJUDP VR WKDW WKH\ FDQ EH DVV
HUURU PHVVDJHV ([SDQVLRQ RI PDFURV LV DOVR D IXQFW
DQRDO\]HU LI LW H[LVWV LQ WKH SURJUDP



'XULQJ JHQHUDWLRQ RI WRNHQV WKH LQSXW
FKHFNHG ZKHWKHU WKH VWULQJ EHLQJ VFDC
SDWWHUQV ,I WKH VHTXHQFH RI RKDUDFWH U\
WKDW VHTXHQFH LV FRQVLGHUHG DV WRNHOQ
WKRXJKW RI VRPH OH[LFDO UXOHV ZKLFK DUH
JLNH IRU HDFK NH\ZRUG WKH SDWWHUQ LV WK
VHTXHQFH RI FKDUDFWHUV PDWFKRAMGZDWK D S
OH[HPH /H[HPHV FDQ EH WHUPHG DV WKH LQV
WRNHQ FRQVLVWYV RI D WRNHQ QDPH DQG DQ R
EH UHJDUGHG DV WKH DEVWUDFW V\PERO UH:?
H[DPSOH DQ\ QXPHULF FRQVWDQW RU

E\ WKH @RMEHBLPLODUO\ DQ\ YDOLG YDULDEO
UHFRJQLLBGREN NH\ZRUGVY WKH WRNHQV DUH

FRUUHVSRQGLQJ NH\ZRUG LWVHOI )RU LQVWI
LGHQWLILHG E\ OH[HPH LI DQG WKHLIFRUUHVS
7KHUHIRUH IRU HDFK NH\ZRUG D FRUUHVSRC
SDWWHUQ EHLQJ WKH VDPH ZLWK WKH NH\ZRU
OLNH u 9 BT pT pT1DQG U T RISOGRNHQ FD(
WKH UHODWLRQDO RSHUDWRUV OLNH p 9§ p!
FRUUHVSRQGLQUMCSNSIQOEBQYEHLDEOH GHFODL
OHWWHUV IROORZHG E\ OHWWHUWRNHXE GLJILWYV
7KHUHIRUH IRU DOO LGHQWLILHUV WKHUH LV
WKH RWKHU KDQG WKHUH LV RQH WRNHQ

SXQFWXDWLRQ PDUN VXFK DV FRPPD VHPL
SDUHQWKHVLYV

7KH DERYH GHVFULSWLRQV FDQ EH GHILQHG |
GHILQLWLRQV 7KHVH GHILQLWLRQV DUH LPSRL
WRNHQV 7KH\ GHILQH WKH SDWWHUQV IRU \
DQDO\|JHU ZRXOG HYHQWXDOO\ ILQG RXW GXULC(

ii git
di gits

number digits {. digits)? ( E [+-]7 digits )7
letter [A-Za-z|

» [0-9]
;
b
b

id = letter  letter | digit )*
' )
b
b
b

digit?

if if
then then
else else
relop < >|c=|2=]=]<

)LJ 5HIXODU GHILQLWLRQV IRU VSHFLI\
6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFKQLTX]
/IDP 6HWKL 8OOPDQ



,Q DGGLWLRQ WKH ZKLWH VSDFH PD\ EH UHFRJQL]HG D'
GHILQLWLRQ

yAVAREEE EODQN _ WDE _ QHZOLQH

7KH OH[LFDO DQDO\]JHU VWULSVY RXWHWKH ZKLWH VSDFH'
VRXUFH SURJUDP WR ILQG RXW WKH YDOLG WRNHQV

6RPHWLPHYVY LW EHFRPHV QHFHVVDU\ WR SURYLGH DGGLYV
WR WKH VXEVHTXHQW FRPSLOHU SKDVHV DERXW ZKLFK
PDWFKHG L H WKH YDOXH RI WKH QHHPH 7KLV KDSSHC
WKDQ RQH OH[HPH PDWFKHV D SDUWLFXODU SDWWHUQ )R
QXPERAD\ PDWFK PRUH WKDQ RQH QXPEHU LQ WKH VRXUFH
LQIRUPDWLRQ LV UHTXLUHG IRU IXUWKHU SURFHVVLQJ D\
UHTXLUH WKLV LQIRUPDWLRQ DERXW WKH OH[HPH EHLQJ
WKH OH[LFDO DQDO\]HU VHQGV WKLV DGGLWLRQDO LQIF
DWWULEXWH YDOXH DORQJ ZLWK WKH WRNHQ EHLQJ HQFF
RI WKH FRPSLOHU

/H[LFDO (UURUYV

(UURUV FDQ EH GHWHFWHG GXULQJ]EGBH[LFDO DQDO\VLV 7
PXVW EH DEOH WR UHSRUW HUURUV ZKLFK RFFXU ZKHQ L
DQ\ YDOLG WRNHQ OLVVSHOOLQJ RFMXRUINHQV LV D PDMRU
I[UHTXHQWO\ LQ D SURJUDP DQG PXVW EH UHSRUWHG ZK|
LQVWDQFH ZKHQ FKDUDFWHUV RI D MH\ZRUG VZDS WKH
PXvVwW EH DEOH WR GHWHFW LW DQG UHSRUW &RQVLGHL
NH\ZRUGKHQ FKDUDFWHUV LQWHIULFKMHQJH LW EHFRPHV
JHQHUDWRU FDQQRW GHWHFW LWDDYDDQGUURU UDWKHU
YDULDEOH GHFODUDWLRQ $SDUW IURP WKLV LQ VRP
ODQJXDJHV VXFK GHFODUDWLRQ RIDPBEH WUHDWHG DV D Y
6XFK NLQGV RI SUREOHPV RFFXU GXULQJ OH[LFDO DQD¢
XQbzZbUH RI WKH IDFW LW WUHDWV WKH GHFODUDWLR
7TKHUHIRUH WKH VXEVHTXHQW SKDVHV PD\ UHTXLUH
UHSRUWLQJ VXFK HUURUYV

$QRWKHU HUURU UHFRYHU\ VWUDWHJ\ PD\ EH WHUPHG DV
UHFRYHU\ WHFKQLTXH 7KLYV VLWXDWLRQ KDSSHQV ZKt
DQDO\|JHU FDQQRW SURFHHG EHFDXVH WKH SUHIL[ RI WK
PDWFK DQ\ RI WKH SDWWHUQV IRU WRNHQV 7KH UHFRYHL
WKH WHFKQLTXH RI GHOHWLQJ WKH VXFFHVVLYH FKDU
UHPDLQLQJ LQSXW FKDUDFWHUV XQWLO D JRRG WRNHQ



LQSXW EHLQJ FRQVLGHUHG 7KH LQSXW PD\ EH
DFWLRQV 6RPH RI WKHVH PD\ LQFOXGH

Xx '"HOHWH RQH FKDUDFWHU IURP UHPDLQLQJ
Xx ,QVHUW D PLVVLQJ FKDUDFWHU LQWR WKH
x S5HSODFH RQH FKDUDFWHU E\ DQRWKHU

Xx TUDQVSRVLWLRQ RI WZR DGMDFHQW FKDUD

7KH SXUSRVH RI VXFK PHFKDQLVP LV WR UHFF
LQSXW DV YDOLG OH[HPH ZKLFK FDQ ODWHU
IRUPHG WRNHQ

&+(&. <285 352*5(66 * ,
BBBBBBBBB SKDVH EUHDNV WKH VRXUFH S
RI WRNHQV
7KH OH[LFDO DQDO\]HU UHDGV VWUHDP RI
D VRXUFH SURJUDP DQG JURXSV WKHP LQW
'KHQ WKH OH[LFDO DQDO\]HU GHWHFWV D
LGHQWLILHU WKDW OH[HPH LV HOWHUHG L
7KH OH[LFDO DQDO\]HU JHQHUDW|HV BBBBE
YLRODWLRQ RI OH[LFDO UXOHV LQ® WKH VR
([SDQVLRQ RI BBBBBB LV D IXQFW|LRQ RI W

JHL 7+( 1(;,&$/ $1$/<=(5 *(1(5$725

/IH[ LV D WRRO WKDW DOORZV VWHGERHVQWRDE®OH
GHVFULELQJ UHJXODU H[SUHVVLRQV WKDW UF
7KH WRRO LWVHOI LV NQRZQ DV WKH /H[ &RP:
WUDQVIRUPVY WKH LQSXW SDWWHUQV LQWR WU
FRGH VLPXODWLQJ WKH WUDQVLWLR®HSLDJUDP
LQSXW ILOH WR WKH /H[ WRRO LV UHIHUUHG W
KDYH GLVFXVVHG WKH WUDQVODWLRQ RI U
FRUUHVSRQGLQJ WUDQVLWLRQ GLDJUDP

+RZ /H[ :RUNV

W LV DOUHDG\ PHQWLRQHG SUHYLRXVO\ WKC
ZULWWHQ LQ /H[ ODQJXDJH DQG LNGWHWRG D'



WKH /H[ FRPSLOHU ZKLFK ODWHU WUQQVIRUPV LW LQWR |
WKH QH[W SKDVH WKLV & SURJUDP IRUPV WKH LQSXW WR
SURGXFHV WKH RXWSXW ILOH D RXW 7KLV RXWSXW ILO
OH[LFDO DQDO\|HU ZKLFK DFFHSWV LQSXW VWUHDPV D
FRUUHVSRQGLQJ VWUHDP RI WRNHQV 7KLV ZKROH IXQFW
FDQ EH GHSLFWHG XVLQJ WKH IROORZLQJ ILJXUH

Lex Source Program ng(m
lex 1 E— compiler ———* lexyv.e
C-
lexywe —_— Compiler " a.out
O ko
Input Stream e > ;p;i;; v
)LJ RUN IORZ RI D /H]

6RXUFH &RPSLOHUV 3ULQFLSOHV 7THFKQLTXHV 7RROV
/IDP 6HWKL 8O0OOPDQ

7TKH FRPSLOHG & SURJUDP D RXW IXQFWLRQV DV D VXEL
SDUVHU 7KLV & IXQFWLRQ UHWXUQV DQ LQWHJIJHU UHSU
WRNHQ QDPHV $QG WKH DWWULEXWH YDOXH LV VWRUHG
7KH DWWULEXWH YDOXH PD\ FRUUHVSRQG WR D QXPHULF
WKH VI\PERO WDEOH RU LW PD\ FRQWDLQ QR YDOXHV 09I
VKDUHG EHWZHHQ WKH OH[LFDO DQDO\]HU DQG WKH SDUYV

6WUXFWXUH RI /H[ 3URJUDP

$ W\SLFDO /H[ SURJUDP LV GLYLGHG LQWR VHFWLRQV ,\
IROORZLQJ IRUP

GHFODUDWLRQYV
WUDQVODWLRQ UXOHYV
DX[LOLDU\ IXQFWLRQV
'HFODUDWLRQV RI YDULDEOHVY FRQVWDQWY RU UHJXOI

LQFOXGHG LQ WKH GHFODUDWLRQV VHFWLRQ &RQVWDQW
RI YDULDEOHV RU WRNHQV



TUDQVODWLRQ UXOHV LQFOXGH SDWWHUQV DC
SDWWHUQV UHSUHVHQW UHJXODU H[SUHVVLRC
GHILQLWLRQV XVHG LQ WKH GHFODUDWLRQ Vt
ZULWWHQ XVLQJ & ,W FRQVLVWY RI WKH IROOF

3DWWHUQ A$FWLRQ®

$X[LOLDU\N IXQFWLRQ LQFOXGHV WKH DGGLWL
DFWLRQV SDUW RI WKH VHFRQG VHMMIRQ 7KH
ORDGHG LQWR WKH OH[LFDO DQDO\]J]HU

/H[ EHKDYHV LQ WKH IROORZLQJ PDQQHU :KHQ
DQDO\HU IRU D WRNHQ WKH OH[LFDO DQDO\]
RQH FKDUDFWHU DW D WLPH :KHQ WKH ORQJ
SDUWLFXODU SDWWHUQ WKH FRUUHVSRQGLQJ
DFWLRQ UHWXUQV WKH QDPH RI WKH WRNHQ W
GXH WR WKH SUHVHQFH RI ZKLWH YBRBBY WK}
VHDUFK IRU DGGLWLRQDO OH[HPHV XQWLO DQ
WRNHQ WR WKH SDUVHU 7KH UHWXUQHG YDOX|
ZKLFK LV VKDUHG EHWZHHQ WKH OH[LFDO DQTC
FRQVLGHU WKH IROORZLQJ SURJUDP WR XQGt}t
VHIJPHQWY RI D OH[LFDO DQDO\]HU

AN

'"HFODUDWLRQV WKDW PDQL
(7 *7 [( *( (4 14 ) (/6(
180 ,' 5(/23

UHJXODU GHILQLWLRQV

GHOLP > 2W?2Q@

ZV AGHOLP"®

OHWWHU >$ =D | @

GLILW > @

LG

AOHWWHU "OHWWHU  _AGLJLW"
QXPEHU

AGLJLW  ? AGLJLW " (> @"G
AZVY A QR DFWLRQ DQC

UHWXUQ °



LI "UHWXUQ )

HOVH AUHWXUQ (/6
ALGS A\OYDO LQW
LQVWDOO,' UHWXUQ ,' °
AQXPEHU® A\OYDO LQW
LQVWDOOL1XP UHWXUQ 180 °
A\OYDO 17
UHWXUQ 5(/23
A\OYDO /(
UHWXUQ 5(/23 °
A\OYDO (4
UHWXUQ 5(/23 °
! A\OYDO 14
UHWXUQ 5(/23
! A\OYDO * 7
UHWXUQ 5(/23
! A\OYDO *(

UHWXUQ 5(/23

LQW LQVWDOO,"
N

IXQFWLRQ WR LQVWDOO D OH[HPH LQW
VIPERO WDEOH DQG UHWXUQ D SRLQWHU
WKHUHWR 7KH ILUVW FKDUDFWHU RI \
OH[HPH LV SRLQWHG WR E\ \\WH[W DQG L
OHQJWK LV UHWXUQHG WR \W\OHQJ

LQW LQVWDOO1XP
N

,W LV VLPLODU WR LQVWDOO," EXW LW
QXPHULFDO FRQVWDQWYV LQWR D VHSDL
WDEOH

yLJ /H[ SURJUDP GHVFULELQJ D VLPSOH IRUP RI EUDQ
VWDWHPHQWY DQG FRQGLWLRQDO H[SUHVVLRQV
6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFKQLTXHV 7RROV
/IDP 6HWKL 80OOPDQ



7TKH GHFODUDWLRQ VHFWLRQ LQFOXGHV D SDLI
GHILQLWLRQV WKDW PDQLIHVW FRQVWDQWYV D
DVVRFLDWHG ZLWK D XQLTXH LQWHJHU WKUR
7TKHVH GHFODUDWLRQV DUH GLUHFWO\ FRSLHC
WUHDWHG DV UHJXODU GHILQLWLRQV

SHIXODU GHILQLWLRQV DUH ODWHWHIMNXWHG LQ W
WKH SDWWHUQV DQG DUH VXUURXQGHG E\ FXI
UXOHV IRU NH\ZRUGV UHWXUQ WKH NH\ZRUG L
QR DFWLRQV WR SHUIRUP

7KH DX[LOLDU\ IXQFWLRQ VHFWLRQ LQFOXGHYV
DQG LQVWDOOLXP JLNH GHFODUDWLRQ DC
IXQFWLRQ VHFWLRQ LV GLUHFWO\DRRBQLHG WR
ZKHQ D SDWWHUQ IRU LG LV PDWFKHG LV DV IR

JLUVW IXQFWLRQ LQVWDOO,' SODFHV WK
WDEOH

7KLV IXQFWLRQ DOVR UHWXUQV D SRLQWH
SODFHV LW LQ WKH YDULDEOH \\OYDO ZKLF
SDUVHU $GGLWLRQDOO\ WZR YDULDEOH\
IXQFWLRQ \WWH[W LV IXQFWLRQ ZKLFK L
EHJLQQLQJ RI WKH OH[HPH DQG \\OHQJ Z
OHQJWK RI WKH OH[HPH

7KH WRNHQ QDPH ,' LV UHWXUQHG WR WKH

6LPLODUO\ WKH DFWLRQ IRU QXPEHU LV SHL
IXQFWLRQ LQVWDOOL1XP

,Q D /H[ SURJUDP GXULQJ PDWFKLQJ SURFt!
SUHIHUDEOH WR FRQVLGHU D ORQJHU SUHIL[ \
ORQJHVW SUHIL[] PDWFKHV PRUH WK®Q RQH S
FRQVLGHU WKH ILUVW SDWWHUQ OLVWHG LQ W

&+(&. <285 352*5(66 * ,,
BBBBBBB LV D WRRO WKDW DOORZV VSHFLI
7KH /H[ FRPSLOHU WUDQVIRUPV WKH
LQWRBBBBBBBBB
7KH LQSXW ILOH WR WKH /H[ WRRO LV UHIF
/H[ FRPSLOHU WUDQVIRUPV D OH[ ILOH L
DVBBBB




7TKH DWWULEXWH YDOXH RI
BBBBBBBBBBBB

7UDQVODWLRQ UXOHV LQ /H[ SUR
DQG WKHLU FRUUHVSRQGLQJ BBBB

D WR

7KH YDULDEOH \\YDO ZKLFK
BBEBBBBBBBBBBBBBBBBBDQGBBBBB
7KH GHFODUDWLRQ VHFWLRQ LQ

BBBBBBBBBBBB
7TKH IXQFWLRQ BBBBBBBBBBB SODH
WDEOH

NHQ LV VWRUHG L

JUDP LQFOXGH BBBI
BBBBBBBBBB

LV VKDUHG EHW.
BBBBBB
FOXGHV D SDLU

HV WKH OH[HPH LQV

7TKH IXQFWLRQ BBBBBBBBB FRQWDL

QV WKH OHQJWK RI

1RZ OHW XV VHH VRPH H[DPSOHV RI VLPSOH /H[ SURJUDI
FRQFHSWXDOL]H KRZ WKH\ IXQFWLRQ

SURJUDP WR FRQYHUW NH\ZRUGV LQWR XSSHUFDVH

ECH
#include<stdio.h>
int i

%} e

keyword main | int | float | scanf | printf | if | clse | return
%%

{keywword} { for(i=0; i<yvleng; i++)

printf(“%c”. toupper(yytext[il):

¥

%%
main
{
yyin=fopen(“file.c™. “r
¥ylexO:
¥

=)

int ywwrapO

return 1:

¥

)LJ /IHl SURJUDP WR FRQYHUW NH\Z

3URJUDP WR FRXQW WKH QXPEHU
JLYHQ VWULQJ

%9
#include<stdio.h>
int vowels=0:
int cons=0:
%}
%%
[aciouAEIOU] {vowels++:}
[a-zA-Z] {cons++:}
2%
int yywrap(Q)
{
return 1:
main()
printf(“Enter the string.. at end press ~d\n™):

yylex():
printf(*No of vowels=%d\nNo of consonants=%d\n”,vowels.cons):

2

)LJ /IH[ SURJUDP WR FRXQW WK

FRQVRQDQWYV LQ D JLYHOQ

RUGY LQWR XSSHUFDVF

RI YRZHOV DQG FRQC

H QXPEHU RI YRZHO
VWULQJ



3URJUDP WR FRXQW WKH QXPEHU RI FKDU
HQG RI OLQHV LQ D JLYHQ LQSXW ILOH

%% §
#include<stdio.h>
Int =0, w=0_ s=0, 1=0;
e
WORD [~ W]+
EOL ['n]
BLAMNK [ ]
26

IWORD} {w++: c=c+vyleng:}
IBLANK]} {s++:}
{EOL} {I++:}
e s e
PoLo
int yywrap()
i
return 1;

B
main(int argc. char *argv[])
3

If{argc!=2)

5

printf(*Usage: < /a out> <sourcefile=n"");
exit{0);

H

yyin—fopen{argwv[1].7r);

yylex();

printfi{““No of characters—%d'nMNo of words—2%d\nNo of
spaces=%%0d'n No of lines=%d™. c.w.s.1);

yLJ /H[ SURJUDP WR FRXQW WKH QXPHWU RQGKDUDFW
RI OLQHV LQ D JLYHQ LQSXW ILOH

SURJUDP WR FRXQW QR RI
D YH DQG £xYH LQWHJHUYV
E YH DQG *xYH I UDFWLRQV

0§
#Hinclude<stdio h>
int posint=0. negint=0_posfraction=0, negfraction=>0;
%%}
2%
[-I[0-9]+ {negint+—+ }
[+]1?[0-9]+ {posint++;}
[+]17[0-9]*\.[0-D ]+ {posfraction++:}
[-1[0-9]* %\ [0-9]+ {negfraction-++:}
]
int yyewerapd )
¥
%
return 1;

main(int arge, char *argv[1)
If(argc!=—2)
‘

printfi**Usage: <= /a_out> =sourcefile='n""):
exit{0);

3

yin=fopen(argv[1].7 ")

oy lexi(

prntfl*“No of +ve integers—=%d'n No of —wve integers=%d\n No of

fractions=%d'n No of —ve fractions=24d'n”", posint, negint,
posfraction, negfraction);

yLJ /Hl SURJUDP WR FRXQW WKH QXPEHW®G ¥H DQG
YH IUDFWLRQV

URJUDP WR FRXQW WKH QXPEHU RI FRPPLI
SURJUDP $OVR HOLPLQDWH WKHP DQG FR
VHSDUDWH ILOH



#include=stdio. h>
int com=0;:

COMMENT

S IBEGI

= ENT :}
<COMMENT> BEGIN 0; com++ :}

<~COMMENT= e+ 5}
<COMMENT=
-ln { fprintfyye oS> yytext):

int yywrap()

return 1;

main(int arge. char *argv[])

Iftarge!=2)
printfi(*“Usage: <./a.out> <sourcefile> <destn file=\n");
exit(0):

yyin—fopen(argv[1].”
yyout—fopen(argv[2].”w);

printfi*No of comment lines—2ad\n™".com):

/H[ SURJUDP WR FRXQW WKH QXPE&HU RI FRPPHQW OLQH LQ D

)LJ
SURJUDP

3URJUDP WR UHFRJQL]H ZKHWKHU D JLYHQ VHQWHQFI
FRPSRXQG

%%
#include<stdio_h>
Int is_simple=1:

%o

2%

2%
[ wWnl+[aA]l[nN][dD][ ‘tnl+ {is_simple—0:}
[ wWnl+[oO][rR][ “wnl+ {is_simple—0:}

[ Wal+[bBI[uU]tT][ ‘Wnl+ {is_simple—0:}

Printf(*"The given sentence is simple™):

Printfi**The given sentence is compound™);

/H[ SURJUDP WR UHFRJQL]H ZKAHSMXHBW JLYHQ VHQWHQFH LV

)LJ
FRPSRXQG

BURJUDP WR UHFRJQL]H DQG FRXQW WKH QXPEHU RI
DJLYHQ LQSXW ILOH

% f

#include=stdio.h>
int id=0;

%%
[a-zA-Z][a-zA-Z0-9_]* { id++ : ECHO: printfi(*in™"):}

-
i f 2}
Lo

int yywrap()
¢

return 1;

main (int arge. char *argv[])
i
iflargc!=2)
g
i
printf{*Usage: = /a out> <source file="n"");
exit(0);
H
yyvin=fopen(argwv[1].7r");
printf(**Valid identifires are'n™);
ywlex():
printf{**No of identifiers — %od'n™,id):

/H[ SURJUDP WR UHFRJQL]JH DQG FRXQW WKH QXPEHU F

yLJ
LGHQWLILHUV LQ D JLYHQ LQSXW ILOH



,W LV DOUHDG\ GLVFXVVHG LQ ILIXUWKH WKD\
HIWHQVLRQ O 7KHUHIRUH HDFK ILOH LV VL
FRUUHVSRQGLQJ & VRXUFH FRGH LV JHQHUDWH
7TKHUHIRUH WKH ILOH OH[ \\ F LV SURGXFHG Z
XVLQJ WKH /H[ FRPSLOHU 7KLV IXQFWLRQ FU
D RXW ZKLFK FDQ GLUHFWO\ UXQ WKH SURJUDEF
JURXSHG LQWR WKH IROORZLQJ FRPPDQGYV

OH[ SJPBQDPH O!
FF OH[ \\ F +0O0
D RXW

7KH /H[ OLEUDU\ LV LQYRNHG XVLQJ £OO RSWL/|
7KH DERYH FRPPDQGY GR WRNHQL]DWLRQ RI D

6800,1* 83

x /H[LFDO DQDO\]HU LV D SURJUDP ZKLFK U}
FKDUDFWHUV IURP D VRXUFH SURJUDP D¢
OH[HPHVY DQG SURGXFH D VHTXHQFH WRNHC

X 'XULQJ JHQHUDWLRQ RI WRNHQV WKH LQS
DQG FKHFNHG ZKHWKHU WKH VWULQJ EHL(
VRPH SDWWHUQV ,I WKH VHTXHQFH RI FKD
SDWWHUQV WKDW VHTXHQFH LV FRQVLGH
SDWWHUV FDQ EH WKRXJKW RI VRPH OHJ
PDWFKHG DJDLQVW WKH VWULQJ

x :KLOH JHQHUDWLQJ WKH WRNHQV WKH
VWULSLQJ RIl FRPPHQWYV DQG ZKLWH VS|
VSDFHV WDEV QHZ OLQHV HWF 7KH OHIL
HUURU PHVVDJHV ZKHQ WKHUH LV D YLRO!
WKH VRXUFH SURJUDP

x /H[ LV D WRRO WKDW DOORZV VEHFLI\LQJ
WRRO LV NQRZQ DV WKH /H[ &RPSLOHU
WUDQVIRUPV WKH LQSXW SDWWHUQV LQW
JHQHUDWHG FRGH VLPXODWLQJ WKH WUDQ
WKH OH[ \\ F 7KH LQSXW ILOH WR WKH /HJ
/H[ ODQJXDJH

Xx $ /H[ SURJUDP LV GLYLGHG LQWR WKUHH \
WUDQVODWLRQ UXOHV DQG DX[LOLDU\ IXQF



x '"HFODUDWLRQV RI YDULDEOHYVY FRQVWDQWY RU UHJXC
LOQFOXGHG LQ WKH GHFODUDWLRQV VHFWLRQ 7UD
LQFOXGH SDWWHUQV DQG WKHLU FRUUHVSRQGLQJ L
UHSUHVHQW UHJXODU H[SUHVVLRQV DQG PD\ XVH
GHILQLWLRQV XVHG LQ WKH GHFODUDWLRQ VHFWI
IXQFWLRQ LQFOXGHV WKH DGGLWLRQDO IXQFWLRQV X
SbuUw RI WKH VHFRQG VHFWLRQ

X (DFK /H[ ILOH LV VDYHG DV ILOHBQDPH O 7KH FRUUH
VRXUFH FRGH LV JHQHUDWHG WKURXJK WKH FRPF
7TKHUHIRUH WKH ILOH OH[ \\ F LV SURGXFHG ZKLFK
FRPSLOHG XVLQJ WKH /H[ FRPSLOHU 7KLV IXQFWLRC
HIHFXWDEOH ILOH D RXW ZKLFK FDQ GLUHFWO\ UXQ W

$16:(56 72 &+(&. <285 352*5(66

JH[LFDO DQDO\VLV
JH[HPHV

VIPERO WDEOH

HUURU PHVVDJHV
PDFURYV

IH[

WUDQVLWLRQ GLDJUDPV
/H[ ODQJXDJH

OH[ \\ F

\\OYDO

SDWWHUQV DFWLRQV
OH[LFDO DQDO\]HU SDUVHU
ADQG

LQVWDOO,"

\WOHQJ

3266,%/( 48(67,216
$ 6KRUW DQVZHU W\SH TXHVWLRQV

K\ GRHV JHQHUDWLRQ RI WRNHQV SOD\ LPSRUWDQW
FRPSLODWLRQ"
:KDW LV OH[LFDO DQDO\]|HU JHQHUDWRU" 'LVFXVV LQ |



+RZ GRHV WKH OH[LFDO DQDO\]|HU JHQHUD
D VWUHDP RI FKDUDFWHUV"

+RZ GR WKH OH[LFDO DQDO\]HU DQG WKH S
RWKHU" '"HVFULEH LQ EULHI

:KDW LV /H[" '"LVEXVV LQ EULHI

% /RQJ DQVZHU W\SH TXHVWLRQV

*LYH D GHWDLOHG GLVFXVVLRQ RQ OH[LFD¢
([SODLQ WKH SURFHVV RI JHQHUDWLRQ RI
FKDUDFWHUYV

:KDW DUH OH[LFDO HUURUV" +RZ LV UHFR)
GXULQJ OH[LFDO DQDO\VLV" ([SODLQ

:KDW LV /H[" +RZ GRHV LW ZRUN" '"HVFULEH
'"HVFULEH WKH VWUXFWXUH RI D /H[ SURJUL

5()(5(1&(6 $1' 68**(67(' 5($',1*6

X %HUJPDQQ 6 &RPSLOHU GHVLJQ W
H[DPSOHV

x 7KDLQ  QWURGXFWLRQ WR FRPSLC
GHVLJQ /XOX FRP

x +tROXE $ &RPSLOHU GHVLJQ LQ &

(QJOHZRRG &OLIIV 1- 3UHQWLFH +DOO
x $KR $ 9 /DP 0 6 B6HWKL 5 DPS 80O0OPD
&RPSLOHUV SULQFLSOHV WHFKQLTXHV DQG

-
-_—

-_—



81,7
&217(;7 )5(( *5$00$56

QLW 6WUXFWXUH

L QWURGXFWLRQ

8QLW 2EMHFWLYHYV

&RQWH[W )UHH *UDPPDUV

/Il *UDPPDU

/5 *UDPPDU

6XPPLQJ 8S

$QVZHUV WR &KHFN <RXU 3URJUHVV
SRVVLEOH 4XHVWLRQV

SHIHUHQFHYVY DQG 6XJJHVWHG S5HDGLQJV

,1752'8&7,21

,Q WKH SUHYLRXV XQLW ZH KDYH VWXGLHG VRPH EDVLF
OH[LFDO DQDO\VLV SKDVH :H DOVR KDYH JRW LGHDV UH
SURJUDPV DUH GHYHORSHG XVLQJ & SURJUDPPLQJ ODQJX
DQDO\VLV SKDVH RI D FRPSLOHU LV UHVSRQVLEOH IRU EU
LQWR FRQVWLWXHQW SLHFHV Rl VWI@QWDP RI FKDUDFWHUYV
IRU WKH VDPH 7KHVH WRNHQV DUH SDVVHG WR WKH SDU
WR FRQVWUXFW WKH JUDPPDWLFDO VWUXFWXUH RI WK
JUDPPDWLFDO VWUXFWXUHV GHVFULBH WKH V\QWD[ RI \
VSHFLI\LQJ WKH V\QWD[ D ZLGHO\ DFFHSWHG QRWDWI
&RQWH[W )UHH *UDPPDU &)* RU %DFNXV 1DXU )RUP %1)
%HVLGHYV VSHFLI\LQJ WKH V\QWD[GH WEH ODQJXDJH &)*V
JUDPPDU RULHQWHG FRPSLOLQJ WHFKQLTXH FDOOHG 6
7UDQVODWLRQ 'XULQJ WKLV SKDVHQWDKLHUDUFKLFDO VW
WUHH LV FRQVWUXFWHG ,Q WKLV XVLW ZH ZLOO VWXG\ K
‘H VKDOO DOVR VWXG\ KRZ WKH\ WDNH SDUW LQ IRUPLQ
GLIIHUHQW FODVVHV RI JUDPPDUV



81,7 2%-(&7,9(6
$IWHU JRLQJ WKURXJK WKLV XQLW \RX ZLOO E

x /[HDUQ WKH EDVLF FRQFHSWV RI &RQWH[W )

&217(;7 )5(( *5%$00%$56

7R VSHFLI\ WKH UXOHV RU V\QWD[ RI D ODQJXD
XVH ODQJXDJH WR FRPPXQLFDWH :KLOH FRPP
QDWXUDOO\ RFFXUULQJ ODQJXDJHV $QG ZKHQ
WKH ODQJXDJH NQRZLQJO\ RU XQNQRZLQJO\ Z
UXOHV &RPPXQLFDWLRQ IROORZV IURP WKHVH
GHYHORS IURP FKLOGKRRG 7KHUHIRUH LQ F
NQRZOHGJH RI D ODQJXDJH DQG DFFRUGLQJO\
WR FRPPXQLFDWH ,Q RWKHU ZRUGV V\QWD]
JUDPPDU RI D ODQJXDJH 6LPLODU LV WKH
ODQJXDJHV 7KHUH DUH VRPH ODQJXDJH VSt
LQFRUSRUDWHG LQWR WKH ODQJXDJH LWVHOI
ZULWHV FRGHV KH VKH KDV WR ZWQWB[DFFRUC
.| D VWDWHPHQW GRHV QRW FRQIRUP WR WKH
FRPSLOHU VKRZV D V\QWD[ HUURU PHVVDJH 7
FUXFLDO UROH LQ D SURJUDPPLQJ ODQJXDJH

*ubPPDU GHVFULEHV WKH VWUXFWXUH RI D C
ODQJXDJH LV VSHFLILHG E\ WKH JUBPEDU 7KH
SURJUDPPLQJ ODQJXDJH LV GHVFULEHG LQ WHLU

$ FRQWH[W )UHH *UDPPDU * LV D WXSOH 9 7
RI WKH IROORZLQJV

Xx 9 LV D VHW Rl QRQ WHUPLQDOV RU YDUL
DOZD\V IRUPV WKH OHIW VLGH RI WKH SUR
VLGH RI WKH VDPH PD\ FRQVLVW RI D FRP
DQG QRQ WHUPLQDOV

x 7LV D VHW RI WHUPLQDOV ZKLFK DUH UHII

Xx 3LV WKH VHW RI SURGXFWLRQ UXOHV RI W
PDLQO\ FRQVLVWY Rl WZR SDUWV 7KH\ DU
3:° PDUN /LNH IRU H[DPSOH D SURGXFWL
IRUP $ : D%& ZKHUH $ LV WKH OHIW VLG
SURGXFWLRQ DQG D%& LV WKH ULJKW V
SURGXFWLRQ 7KH OHIW VLGH DOZD\V FRC



DQG ULJKW VLGH PD\ KDYH RQO\ WHUPLQDOV RQO\ (
RU WKH FRPELQDWLRQ RI ERWK W QHHGV VSHFLDO
WKDW WKH ERG\ RI D SURGXFWLRQ PD\ FRQWDLQ DQ F
A

X 6 LV WKH VWDUW V\PERO RI WKH JUDPPDU IURP ZKHU
RI VWULQJYVY WDNHV SODFH

7TKHUH DUH VRPH RWKHU QRWDWLRQDO FRQYHQWLRQV I
ZKLFK WKHVH WHUPLQDOV DQG QRQ WHUPLQDOV FDQ EH C

THUPLQDOV

x IRZHUFDVH OHWWHUV RI WKH DOSKDEHW OLNH D E F
X 2SHUDWRUV VXFK DV HWF

X 'LILWV VXFK DV « «

X 3IXQFWXDWLRQ PDUNHUV VXFK DV SDUHQWKHVLYV FRP
X .H\ZRUGV VXFK DV LI ZKLOH IRU HWF

1RQ WHUPLQDOV

8SSHUFDVH OHWWHUV RI WKH DOSKDEHW VXFK DV $ ¢
IRZHUFDVH EXW LWDOHFRUVHRBUQDWHAW VXFK DV

/IHWWHU 6 ZKLFK LV WUHDWHG DV WKH VWDUW V\PER(
:KLOH GHILQLQJ JUDPPDU RI D ODQJXDJH LQ WHL
SURGXFWLRQ UXOHV XSSHUFDVH OHWWHUV VXFK D\
DSSHDU 7KHVH DUH DOVR WUHDWHG DV QRQ WHUPLQ
X *HQHUDOO\ WKH KHDG RI WKH ILUVW SURGXFWLRQ R
DOzZD\V WKH VWDUW V\PERO

X X X X

$IJDLQ D VHW RI SURGXFWLRQV PD\ KDYH VDPH QRQ WHUF
JRU HI[DPSOH FRQVLGHU WKH SURGXFWLRQV

(:(C 7

(:C 7
+HUH WKH KHDGV RI WKHVH WZR SURGXFWLRQV FRQVL
WHUPLQDO ( 7TKHUHIRUH WKH WZR SURGXFWLRQV FDQ Et

E\ LOQFRUSRUDWLQJ D YHUWLFDO EDU LQ EHWZHHQ WK
SURGXFWLRQV 7KXV WKH WZR SURGXFWLRQV FDQ EH UH.:

(:C 7_(0C 7

(@}
=1
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7KH OH[LFDO DQDO\VLV SKDVH
IRU SURGXFLQJ BBBBBBBBBB
YRU VSHFLI\LQJ WKH V\QWD[ RI
XVHG LV WHUPHG DV BBBBBBBBI
7KH JUDPPDU RULHQWHG FRPS
BBBBBBBBB

6\QWD[ FDQ EH UHJDUGHG DV W
| D VWDWHPHQW GRHV QRW FI
ODQJXDJH WKH FRPSLOHU VKR Z
7KH OHIW VLGH RI D SURGXFWL
ULJKW VLGH LV WHUPHG DV BBB
7HUPLQDOV DUH ZULWWHQ XVLQ
1RQ WHUPLQDOV DUH ZULWWHQ

+

RI D FRPSI
D ODQJXC
3
LOLQJ WHE

KH BBBBBB
RQIRUP WR
'V D BBBBB
RQ LV WHU
B

) BBBBBBB
XVLQJ BBB

&RQWH[W IUHH JUDPPDUV DUH FDSDEOH RI GH\
RI WKH SURJUDPPLQJ ODQJXDJHV ZKLFK PDNH
SsbuvLQJ 7KHUH DUH WZR PDMRU W\SHV RI SD!
WRS GRZQ DQG ERWWRP XS 7RS GRZQ SDUVL
VIPERO RU URRW DQG LW SURFHHGV XQWLO Wi
VIPEROV &RQYHUVHO\ ERWWRPxXS SDUVLQJ V
LW SURFHHGV WLOO ZH JHW WKH VWDRJW V\PE
WHFKQLTXHYVY LQ ODWHU FKDSWHUV 3DUVHU
SDUVLQJ LV FDOOHG // SDUVHU DQG SDUVHU Z
SDUVLQJ LV FDOOHG /5 SDUVHU

4

/I 3$56(5

,Q WKH SUHYLRXV VHFWLRQ ZH JRW WR NOQ
VFDQQLQJ RI LQSXW V\PEROV WDNHV SODFH |
VI\PERO LV UHDG FRUUHVSRQGLQJ SURGXFWL!
SDUVLQJ KDSSHQV HIILFLHQWO\ 7KHQ/J FODYV
JUDPPDU 7KH ILUVW 3/ VWDQGV IRU VFDQQLC
ULJKW DQG WKH VHFRQG 3/ LV IRU GRLQJ WKH
HDFK SDUVLQJ VWHS WKH ORRN DKHWG V\PERC



LV GHVLIQDWHG DV I Lv D VWURQJ FODVV RI JUDPP
UHSUHVHQW PRVW RI WKH SURJUDPPLQJ ODQJXDJH FRQ
UHFXUVLYH RU DPELJXRXV JUDPPDU FDQ EH //

‘H KDYH WZR GLVWLQFW SURGXFWLRQV $ : . _ Rl JUDPF
WHUPHG DV // LI WKH IROORZLQJ FRQGLWLRQV KROG

)RU QR WHUPLQDO D ERWK . DQG GHULYH VWULQJV
D

$W PRVW RQH Rl . DQG FDQ GHULYH DQ HPSW\ VWULC
|l % WKHQ . GRHV QRW GHULYH DQ\ VWULQJ EHJLQ
WHUPLQOO LQ )2//2: $ BLPLOBEHQ\ IGRHV

QRW GHULYH DQ\ VWULQJ EHJLQQLQJ ZLWK D WH
Y2112 $

SUHGLFWLYH SDUVHUV FDQ EH FRQVWUXFWHG XVLQJ //
ORRNLQJ DW WKH FXUUHQW LQSXW V\PERO WKH DSSURS!I
IRU D QRQ WHUPLQDO KDV WR EH DSSOLHG )RU LQVWCL
FRQWURO FRQVWUXFWV FDQ VDWLVI\ // FRQGLWLRQV
JUDPPDU D SDUVLQJ WDEOH LV FRQVWUXFWHG (DFK HQ
WDEOH XQLTXHO\ GHWHUPLQHV ZKLFK SURGXFWLRQ UXOl
RQ WKH FXUUHQW LQSXW V\PERO 2WKHUZLVH LW VL.
6RPHWLPHVY WKH SDUVH WDEOH FDQ KDYH PXOWLSOH HC
LQSXW 7KLV KDSSHQV ZKHQ WKH JUDPPDU LV DPELJX
UHFXUVLYH +RZHYHU VRPH JUDPPDU FDQ QHYHU EH //
DPELJXLW\ DQG OHIW UHFXUVLRQ DUH HOLPLQDWHG :H
WKLV HODERUDWHO\ ODWHU

/5 3$56(5

8QOLNH // SDUVHU /5 SDUVHU LV D ERWWRP XS SDUVHU
JUDPPDU LV WNUMAKHIUBV MSWDQGV IRU 3/ VWDQGV IRU OHI\
ULJKW VFDQQLQJ RI WKH LQSXW DQG 35" VWDQGV IRU UL.
LQ UHYHUVH DQG N LV WKH QXPEHU RI ORRNDKHDG LQS
GHIDXOW YDOXH RI N LV 7KLV LV D VLPSOH DQG HIILFI
FRQVWUXFWLQJ VKLIW UHGXFH SDUVHU DQG LV WHUPHG
SDUVHU $SDUW IURP WKLV WKKDK PQHFYE@R FRPSOH[ VW
/5 DQG /$/3LNH WKH QRQ UHFXUVLYH // SDUVHUV /5 SDUYV
DOVR WDEOH GULYHQ SDUVHUV $Q WoKBDUVHU PXVW EH L
KDQGOHYV DSSHDULQJ DW WKH WRS RI WKH VWDFN /5 SDU
LPSRUWDQW FKDUDFWHULVWLFV ZKLBK PDNH WKH SDUVHL
HITLFLHQW



X /5 SDUVHUV FDQ UHFRJQL]H YLUWXDOO\ PR
ODQJXDJH FRQVWUXFWYV IRU ZKLFK FRQWH
GHILQHG

X ,W LV WKH PRVW JHQHUDO QRQ EDFNWUDF
PHWKRG

X $V LW VFDQV LQSXWV IURP OHIW WR ULJK
GHWHFW WKH V\QWD[ HUURU E\ WKH SDUVH

x 7KH /5 JUDPPDU FDQ UHFRJQL]H PRUH
FRQVWUXFWV WKDQ WKH // JUDPPDU 7KH
JUDPPDUV SDUVHG E\ WKH /5 JUDPPDU F
VXSHUVHW RI WKH FODVV Rl JUDPPDUV SDL
// JUDPPDUV 7KH SDUVHU PXVW EH DEOH VW
KDQG VLGH RI D SURGXFWLRQ RFFXUULQJ I
ZLWK N ORRNDKHDG V\PEROV $QG WKHUH
IRU D SDUVHU WR EH /5 LV OHVV VWULFW
/Il JUDPPDU

+RZHYHU WKLV PHWKRG KDV D VHULRXV GUD.
PRUH ZRUN ZKHQ LW FRPHV WR WKH FRVWUXFW
PDMRU RSHUDWLRQV LQUERIOD/MEH AOOFMWIKLY SDU
SDUVHU KDV WR WDNH D GHFLVLRQ RQ ZKHQ W
7KH SDUVHU DOVR PDLQWDLQV VWDWHV LQ R
SRVLWLRQV LQ ZKLFK WKH SDUVHU AMHWW EH L
RI LWHPV WKDW WKH SDUVHU JHQHUDWHG GXU
LV GHULYHG E\ SODFLQJ D GRW DW VRPH SRVL
7TKXV WKH VHW RI LWHPV RI D SURGXFWLRQ ;

;L $%&
;S &
;SN &
;SN &

$QG LI WKH SURGXFWLRQ LV RI WKH IRUP ; : %
- 7KH LWHP ; : $%& LQGLFDWHWUNRDW ZH
GHULYDEOH IURP $%& QH[W RQ LQSXW G6LPLOL
LQGLFDWHV WKDW ZH DOUHDG\ KDYBIQWGHHQ D °
HISHFW WR VHH DQRWKHU GHULYDE@WHVYURP %&
WKDW $%& H[LVWV LQ WKH ERG\ DQG LW FDQ
FROOHFWLRQ RI VHWFDIQRWH P BLOVHFD O DKV 1B V
LWHPV DUH ODWHU XVHG WR IRUPWIRQHWHUP

(@}
(@}



'Y$ DQG WKH DXWRPDR QD XKW RAIDANPR @ VDIYW H

RI WKH DXWRPDWRQ UHSUHVHQWY D VHW RI LWHPV LQ W
FROOHFWLRQ RI LWHPV 7KH FROOHFWLRQ LV FRQVWU
IXQFWLRQV &/2685( DQG *272 $ GHWDLOHG GLVFXVVLR
FRQVWUXFWLRQ RI 6LPSOH /5 6/5 RU /5 SDUVHU ZLOO
LQ D FKDSWHU

7ZR PRUH SRZHUIXO /5 SDUVHUV DUH &DQRQLFDO /5 D
SDUVHUV 7KH &DQRQLFDO /5 PHWKRG ZRUNV RQ D ODUJH
LW LV WHUPHG DV /5 SDUVHU 2Q WKH RWKHU KDQG

IRRNDKHDG /5 PHWKRG FRQWDLQV IHZHU VWDWHY WKDQ V
,W LV EDVHG RQ /5 LWHPV DQG FDQ KDQGOH PRUH JUDP!

&+(&. <285 352*5(66 + ,9

7TKH [/ FODVV LV D BBBBBBBBBBBBBBBBBB JUDPPDU
1R OHIW UHFXUVLYH RU DPELJXRXV JUDPPDU FD
BBBBBBBBBBB
/5 SDUVHU LV D BBBBBBBBBBBBBBBB SDUVHU

/5 SDUVHU LV DQ HIILFLHQW DISSURDFK WR FRQVW
BBBBBBBB SDUVHU
%RWK // DQG /5 SDUVHUV DUH BEBBBBBBBB SDUVHUV
7KH FDQRQLFDO /5 LWHPV IRUP D BBEBBBBBBBBBBBE
7KH FDQRQLFDO /5 LWHPV DUH FRQVWUXFWHG X\
IXQFWLRQV BBBBBB DQG BBBBBB

6800,1* 83

x 7TKH OH[LFDO DQDO\VLV SKDVH RI D FRPSLOHU LV UH
EUHDNLQJ WKH SURJUDP LOQWR FRQVWLWXHQW SLHFI
FKDUDFWHUYVY DQG JHQHUDWHYVY WRNHQV IRU WKH VDPF

X 7TRNHQV DUH SDVVHG WR WKH SDUVLQJ SKDVH LQ RUC(
WKH JUDPPDWLFDO VWUXFWXUH RU V\QWD[ RI D OL
VSHFLI\LQJ WKH V\QWD[ D ZLGHO\ DFFHSWHG QRWDW
&RQWH[W )UHH *UDPPDU &)* RU %DFNXV 1DXU )RUP
LV XVHG

x $ FRQWH[W J)UHH *UDPPDU * LV D WXSOH 9 7 3 6
VHW RI YDULDEOHV RU QRQ WHUPLQDOV 7 LV WKH VF

(@}
(@]



VWDWHY WKH VHW RI SURGXFWLRQ UXOHYV
*

7HUPLQDOV LQFOXGH ORZHUFDVH OHWW
SXQFWXDWLRQ PDUNV DQG NH\ZRUGYV
GHVLJQDWHG LQ WHUPV RI XSSHUFDVH OHV
$ JUDPPDU GHULYHV VWULQJV RI WHUPLC
GHULYHG E\ EHJLQQLQJ ZLWK WKH VWDL
GHULYDWLRQ VWHS HDFK QRQ WHUPLQDO
WKH ERG\ RI WKH SURGXFWLRQ 'HULYDWLTF
RI WHUPLQDOV LV ILQDOO\ JHQHUDWHG
7KH VHW Rl DOO VWULQJV JHQHUDWHG E\
ODQJXDJH RI WKH JUDPPDU $ ODQJXDJH
JUDPPDUV * LV GHQRWHG DV / *

*UDPPDUV DUH PRUH SRZHUIXO QRWDW
H[SUHVVLRQ 7KH\ GHVFULEH D ODQJXDJF
SURJUDPPLQJ ODQJXDJH FRQVWUXFW WKTE
UHJXODU H[SUHVVLRQ FDQ DOVR EH GHV]
+RZHYHU WKH UHYHUVH LV QRW SRVVLE
UHJXODU H[SUHVVLRQ LV D FRQWH[W IUHF
YHUVD

7KHUH DUH WZR PDMRU W\SHV RI SDUVLQJ
WRS GRZQ DQG ERWWRP XS 7RS GRZQ SD
VWDUW V\PERO RU URRW DQG LW SURFHF
FRQWDLQ WHUPLQDO V\PEROV &RQYHUVH
VWDUWVY DW WKH OHDI QRGHV DQG LW SU!
V\PERO

7TKH /1 FODVV LV D SUHGLFWLYH SDUVLQ
3/ VWDQGV IRU VFDQQLQJ WKH LQSXW IUR
VHFRQG 2/ LV IRU GRLQJ WKH OHIWPRVW C
SDUVLQJ VWHS WKH ORRN DKHDG V\PERO
LW LV GHVLJQDWHG DV 1R OHIW UHF>
JUDPPDU FDQ EH //

8QOLNH // SDUVHU /5 SDUVHU LV D ERWYV
FODVV Rl JUDPPDU NVZKHUHPHETWNQEYV IRU
VWDQGV IRU OHIW WR ULJKW VFDQQLQJ RI
IRU ULJKWPRVW GHULNDIWL R/E H @ YURH-EHHWU R}
ORRN DKHDG LQSXW V\PERMIW 7KH GW ILDVX O\
D VLPSOH DQG HIILFLHQW DSSURDFK WR F
SDUVHU DQG LV WHUPHG DV WKH 6LPSOH /&
7KHUH DUH WZR FRPSOH[ DQG SRZHUIXO
SDUVERQRQLFDO /5 DOIGNH$SMKH QRQ UHFEXU



// SDUVHUV /5 SDUVHUV DUH DOVR WDEOH GULYHOQ
JUDPPDU FDQ UHFRJQL]H PRUH SURJUDPPLQJ FRQVW
WKH // JUDPPDU

Xx 7TKHUH DUH WZR PDMRU RSHUDWKRIQW LQYROYHG LQ W
DQBHGXFHKH SDUVHU KDV WR WDNH D GHFLVLRQ RQ :
VKLIW DQG ZKHQ WR UHGXFH

X $Q LWHP LQ /5 LV GHULYHG E\ SODFLQJ D GRW [
SRVLWLRQ RI D SURGXFWLRQTV ERG\ 6XFK FROOHFV
LWHPV LV FDQRBGFDOWHPY 7KHVH LWHPV DUH
ODWHU XVHG WR IRUP D '"HWHUPLQLVWLF )LQLWH $XV
DQG WKH DXWRPDWRQDXWWRPDWRG DV

$16:(56 72 &+(&. <285 352*5(66

7RNHQV

&RQWH[W )UHH *UDPPDU &)*
6\QWD[ 'LUHFWHG 7UDQVODWLRQ
*UDPPDU

VIQWD[ HUURU

KHDG ERG\

ORZHUFDVH

XSSHUFDVH

SUHGLFWLYH SDUVLQJ

/1

ERWWRP XS

VKLIW UHGXFH

WDEOH GULYHQ
'"HWHUPLQLVWLF )LQLWH $XWRPDWRQ ")$
&/2685( *272

3266,%/( 48(67,216
$ 6KRUW DQVZHU W\SH TXHVWLRQV

:KDW LV &RQWH[W )UHH *UDPPDU"

:ULWH GRZQ WKH IXQFWLRQV RI VIQWD[ DQDO\VLV SKL
:KDW LV JUDPPDU" "HILQH

:KDW GR \RX PHDQ E\ ODQJXDJH RI D JUDPPDU"

+RZ ODQJXDJH DQG V\QWD[ DUH UHODWHG"

KDW LV SURGXFWLRQ" '"HVFULEH LQ EULHI



'HVFULEH WKH QRWDWLRQDO FRQYHQWLRQ
WHUPLQDOV

‘KDW LV ORRN DKHDG V\PERO" 'LVFXVV LQ |
"KDW LV /5 SDUVLQJ WHFKQLTXH" 'LVFXV\
"KDW LV LWHP LQ /5 SDUVLQJ WHFKQLTXF

/IRQJ DQVZHU W\SH TXHVWLRQV

*LYH VRPH FKDUDFWHULVWLF RYHUYLHZ RI
*LYH VRPH FKDUDFWHULVWLF RYHUYLHZ RI
:K\ DUH /5 SDUVHUV FRQVLGHUHG WR EH DC

5()(5(1&(6 $1' 68**(67(' 5($',1*6

%HUJPDQQ 6 &RPSLOHU GHVLJQ WKHRU\ |
H[DPSOHYV

7KDLQ ,QWURGXFWLRQ WR FRPSLOHUV
GHVLOQOX FRP
+ROXE $ , &RPSLOHU GHVLJQ LQ & SS

(QJOHZRRG &OLIIV 1- 3UHQWLFH +DOO
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81,7
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QLW 6WUXFWXUH

,QWURGXFWLRQ
8QLW 2EMHEWLYH
'HULYDWLRQ
3DUVLQJ
$PELJXLW)\
3DUVLQJ
7RS GRZQ SDUVLQJ
%RWWRP XS SDUVLQJ
6XPPLQJ 8S
$QVZHUV WR &KHFN <RXU 3URJUHVV
3RVVLEOH 4XHVWLRQV
5HIHUHQFHY DQG 6XJJHVWHG 5HDGLQJV

,1752'8&7,21
7KH WDVN RI SDUVLQJ RU VI\QWD[ DQDO\VLYV SKDVH LV WR
WRNHQV JHQHUDWHG E\ WKH OH[LFPOLDQDO\]JHU $ SDUV
ZKHWKHU D VWULQJ RI WRNHQV FDQ EH JHQHUDWHG E\ W
ODQJXDJH 7KH SDUVHU DOVR UHSRWB®RWYV DQ\ VI\QWD[ HUUT
WRNHQV GR QRW FRQIRUP WR WKH JUDPPDU RU WKH ODQ.
SsbuvLQd D WUHH LV FRQVWUXFWHGW,W LV D JUDSKLFD¢
VKRZV KRZ D VWDUW V\PERO RI WKH JUDPPDU GHULYHV
ODQJXDJH 7KLV WUHH LV WHUPHG DV SDUVH WUHH 7K
ODQJXDJH LV VSHFLILHG XVLQJ WKH QRWDWLRQ FDOO
*UDPPDU &)* RU VLPSO\ JUDPPDUV 7KH\ DUH EDVL
UHSUHVHQWHG LQ WHUPV RI SURGXFWLRQ UXOHV :H DOU
SURGXFWLRQ UXOHV DQG WKHLU VWUXFWXUHYVY KDYH EHH
FKDSWHU ,Q WKLV FKDSWHU ZH VKDOO GLVFXVV WKH G



XVLQJ SURGXFWLRQ UXOHV GHILQHG IRU WKH
GLVFXVV KRZ SDUVH WUHHV DUH FRQVWUXFW
SHUWDLQLQJ WR WKH GHULYDWLRQ RI VWULQ
WUHHYV

81,7 2%-(&7,9(
$IWHU JRLQJ WKURXJK WKLV XQLW \RX ZLOO E
'"HILQH GHULYDWLRQ RI VWULQJV
8QGHUVWDQG GLIIHUHQW W\SHV RI GHULYD
.QRZ WKH FRQFHSWV Rl SDUVLQJ DQG LWV
.QRZ KRZ SDUVH WUHHY DUH FRQVWUXFWH!
([SODLQ WKH UHODWLRQ EHWZHHQ GHULYD
'"HVFULEH WKH DPELJXLW\ RI JUDPPDUYV
.QRZ ZKDW LV SDUVLQJ
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x

x
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'(5,9%$7,216

7KH VHW RI DOO VWULQJY JHQHUMWKBJH\ D JU
RI WKH JUDPPDU $ ODQJXDJH / IRU WKH VHW R
DV [ *

1RZ OHW XV VHH KRZ JUDPPDUV WDNH SDUW L

SURGXFWLRQ UXOHV RI D JUDPPDU DUH DSSC
WHUPLQDOV 7KH VWULQJVY DUH GHULYHG E\
VIPERO $W HDFK GHULYDWLRQ VWHS HDFK C
UHSODFHG E\ WKH ERG\ RI WKH SURGXFWLRQ
VWULQJ RI WHUPLQDOV LV ILQDOO\ JHQHUDWHC

&RQVLGHU WZR SURGXFWLRQV RI WKH IRUP %
LQ RQH VWHS GHULYDWLRQ WKH ULJKW VLG]
UHZULWWH®O. DZK$IUH . DQG DUH WKH JUDPPL
7KH V\RERIDQV GHULYDWLRQ L'Q RQH VWHS 6R
WDNHV SODFH LQ JHUR RU PRUHNWEHSN WWHLV
QRWDMWGERQLYHY VWULQJV LQ RQH RU PRUH VW
GHULYHG IURP WKH VWDUW V\PERO LQ ]JHUR RI



6ce. . LV FDOOHG WKH VHQWHQWLDO IRUP ZKLFK LV D F
JUDPPDU VI\PEROV OLNH WHUPLQDOV DQG QRQ WHUPLQDO

'XULQJ WKH SURFHVV RI GHULYDWLRQ WKH LQSXW V\PER
EH SDUVHG DUH VFDQQHG IURP OHIW WR ULJKW 7KHQ D
WDNHQ DERXW ZKLFK SURGXFWLRQ UXOH KDV WR EH DSS
VI\PERO UHDG 2QFH D V\PERO LV UHDG DFFRUGLQJO\ D S
DSSOLHG KDV WR EH GHFLGHG ,W VKRXOG EH EDVHG RQ
WKH VFDQQHG V\PERO PXVW H[LVW DW WKH ILUVW SRVLW
SURGXFWLRQ %XW VRPHWLPHV VLWXDWLRQ PD\ DULVH Z
SURGXFWLRQ PD\ KDYH WKDW VFDQQHG V\PERO DW WKH
ILUP GHFLVLRQ KDV WR EH PDGH ZKLFK SURGXFWLRQ ZR.
VLWXDWLRQ

14

‘H VKDOO QRZ WU\ WR GHULYH D VLPSOH VWULQJ
IROORZLQJ JUDPPDU

OLVW : OLVW + GLJLW
OLVW : OLVW GLJLW
OLVW : GLJLW

GLJLW :

7TKH GHULYDWLRQ VWHSV ZRXOG EH

OEeVOL VW + GLIJLW

cOLVW GLJLW *+ GLJIJLW
e GLIJLW GLJLW = GLJLW
e GLIJLW = GLJLW
GLIJLW

I+

e
oe +

'HULYDWLRQ EHJLQV E\ DSSO\LQJ WKH SURGXFWLRQ ZLWHK
+HUH WKH SURGXVWLRQLYW BSGIOILMG ,Q WKH QH[W
VWHS YOUMW EREYV WLIWXW EGLEMM) J WKH ULJKW VLGH

RI WKH SURIGHNEWQRWDM G GLYDW O\ VOKWVBURGXFWLRQ
GLILWDSSOLHG 1RZ WKB LJLWW GALIOGCHR G MID MQ V

WKH SURGXFWLERJLM WIS KHHEG 7KHUHIRUH GLJLWV DU
UHSODFHG DQG ILQDOO\ ZH JHW WKH GHVLUHG VWULQJ RI
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/IHW XV DJDLQ WDNH DQRWKHU VHW RI SURGXF
VWULQJ LG LG LG

(- (- (- C_ (_LG
(e (
e ( (

e ( ( (
© LG LG LG

%XW VRPHWLPHV WKH JUDPPDU RU WKH SURG.
SURGXFH WKH VWULQJ 7KLV LQ WXUQ GHGXFH
QRW EHORQJ WR WKH ODQJXDJH

'"HULYDWLRQ WDNHV SODFH LQ WZR GLIIHUH
GHULYDWLRQ DQG ULJKWPRVW GHULYDWLRQ ¢
WHUPLQDO LV H[SDQGHG LQ HDFK VWHS ,Q V
OHIWPRVW ( LV H[SDQGHG WR JHQHUDWH WKH
WHUPHG DV OHIWPRVW GHULYDWLRQLVXULQJ W
WKH RQO\ QRQ WHUPLQDO W LV H[SDQGHG E\
QH[W VWHS WKH OHIWPRVW ( LV H[SDHMWGHG ZL'
XV UHFRQVLGHU WKH VDPH H[DPSOH DQG VHH
GHULYHV WKH GHVLUHG VWULQJ RI WHUPLQDO\

e LG ( (
& LG LG (
‘® LG LG LG
)LQDOO\ ( : LG LV DSSOLHG WR HDFK OHIWPRV)

2Q WKH RWKHU KDQG WKH ULJKWPRVW GHUL
GHULYDWLRQ ,Q HDFK GHULYDWLRQ VWHS W

H[SDQGHG 7KH VDPH H[DPSOH FDQ EH XVH
GHULYDWLRQ



I e ef

““““““ ( LG LG
e LG LG LG

7KLV LV VLPLODU WR OHIWPRVW @ HWYIHWDWLRQ H[FHSW W
GHULYDWLRQ VWHS WKH ULJKWPRVW QRQ WHUPLQDO JH
WKH ILUVW VWHS WKH RQO\ QRQ WHGRLQDO ( LV UHSODF
WKDW LV ( ( ,Q WKH QH[W VWHSGMXIPD@EIJKWPRVW ( LV C
JHWV UHSODFHG E\ ( ( $JDLQ WKH SURGXFWLRQ ( : LG
WKH ULJKWPRVW ( DQG WKH VHQWHQWLDO IRUP EHFRPFL
(YHQWXDOO\ DOO WKH ULJKWPRVW QRQ WHUPLQDOV DUH
ZH JHW WKH VWULQJ LG LG LG

,Q ERWK WKH FDVHV FKRLFH RI SURGXFWLRQ WR EH D
FUXFLDO DVSHFW EHFDXVH LW KDV WR EH FRUUHFWO
SURGXFWLRQ UXOH KDV WR EH DSSOLHG LQ D SDUWLFXOD

&+(&. <285 352*5(66 + ,

BWULQJV DUH GHULYHG E\ EHJLQQLQJ ZLWK BBBBBBB
V\PERO
$ ODQJXDJH / IRU WKH VHW RI JUDPPDUV * LV GHQRW
BBBBBBBBBB
7KH V\PERO BBBBBBBBBULYDWLR/Q LQ RQH VWHS

7KH QRWDWLRQ BBBBBBBB GHUL[YHV VWULQJV LQ RQF
VWHSV
7KH QRWDWLRQ BBBBBBB GHULYHV VWULQJV LQ RQH
VWHSV
$ BBBBBBBBIRUP LV D FRPELQDWLRQ RI WHUPLQDOV
WHUPLQDOV
'HULYDWLRQ WDNHV SODFH LQ WZR GLIIHUHQW WHFK
BBBBDQG BBBBGHULYDWLRQYV




3$56( 7F

W LV ZRUWK WR PHQWLRQ KHUH WK
FRUUHVSRQGLQJ OHYHO RI D SDUVH
GHULYDWLRQ FDQ EH UHSUHVHQWHG

-XVW OLNH GHULYDWLRQ SDUV DW WKH VWDU
VIPERO 7KHUHIROLVW : OLNMWQ+*EGLUHW

LQ WHUPV RI SDUVH \

list

"-.
.".--..... .

)LJ 3DbUVH WUHH UHSUHVHQW

,Q SDUVH WUHH WKH VWDUW V\PERIR

RI WKH WUHH B5RRW KDV QR SDUHQW
PRUH QRGHV 7KH KHDG DQG WKH ER
SDUHQW DQG FKLOGUHQ UHVSH I WKH ERG\
RI D QRGH DSSHDUV DV WKH FKLOG Q

WKH SDUHQW WR LOLVWQ&®GL DSSHDU DV WKH
FKLOGOLWOG DUH DOVR FDOOHG DV V
OHIW WR ULJKW ,I D LW LV FDOOHG I

$Q LOQWHULRU QRGH FDQ KDYH FKLOG

WKH QRGH LWVHOI LWV FKLOG QRGH
QRGH KDV D GHVFHQGDQW QRGH WKt}
GHVFHQGDQO FDVH RI SURA&XFWKIHRQ [$:
ODEHOHG ZLWK $ DQA

7KH GILRQ VWHSV VKR ZQRLQ WKHF W LRRD Q
EH UHSUHVHQWHG LQ WHU

(@]}
o



0
+
+
1

i
H

) j'\

L [
|

o}
00— ——
£

)LJ 3DUVH WUHH FFGHULYDWLRQ RI VWULQJ +
$0%,*8,7<

'XUuLQJ sbuvLQd SDUVH WUHHV DUH
FRQVWUXFWHG WR VHH LI D VWULQJ |
RI JUDPPDWLFDO FRQVWUXFWYV 1RZ
ZKHQ WKHUDPPBU PD\ SURGXFH PRUH
WKH VDPH VWULQJ ©6XFK JUDPPDU
JUDPPDU $Q DPELJXRXV JUDPPDU F
OHIWPRVW GHULYDWLRQ RU PRUH WK
VDPH VWULQJ R NLQG RI VLWXDWLRQ LV XQGHVLUDEOH LC
FDQQRW GHFLGH ZKLFK SDUVH WUIRK I
LV GHVLUDEOH WR HOLPLQDWH WKH
GLVDPELJXDWLQJ UXOHV ZKLFK GLVF
WUHHY DQG NHHSV RQO\ RQH

1RZ OHW XV VHH ZLWK DQ H[DPSOH
SURGXFHG :H FRQVLGHU WKH IROOR
SURGXFH PRUH WK
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/IHW XV WU\ WR GHULYH WIXVLQJ WKLV VHW RI
SURGXFWLRQV
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)LJ 3DUVH WUHH IRU VW JLJ 3DUVH WUH
3LG LG |
JLIXUHYV GHULYH WKH VDPH VWULQ

GLITHUHQW 7KHUHIRUH WKLV JUDPPI
JUDPI
JLIXULQYROYHV WKH IROORZLQ.
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LG ( ( (
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JLIXULQYROYHV WKH IROORZLQ.

( Y (
LG (
LG (
LG (
LG ( ( (
LG LG ( (
LG LG LG (
LG LG LG LG

7KHUH LV QR SDUWLEXODU DOJRULW
JUDPPDU 5DWKHU ZH FDQ UHZULWH
GHULYDWLRQ RU SDUVH WUHH II $ OHIW
UHEXUVLYH DQG ULJKW UDPELJXRXYV
GLVEXVV UHEXUVLYH JUDPPDUV DQG

LQ WKH OD



2QH YHU\ FRPPRQ IRUP RI DPELJXLW\
FRQGLWLRQDO VWDWHPHQW $Q HI[DI
IROORZH®NHI JU

6 W-B W 6V
I 6WPW  ([SU
J6WHP W  ([SU B6WPV
1RZ OHWYIV VWDUW GHULYLQJ WKH V
6WPW" 'HULYDWLRQ WHUPLQDO 6WPW DV URRW ,W LV D
VWDWHPHQW YKDLGRWIQHFQOXYSHDWHPHQV
([ISU HYDOXDWHV WR

St{nt Stmt
IfStTmt 4

IfStmt

If (Expr) Stmt If (Expr) Stint else  Stmt
IfStmt IfStmt

If (Expr) Stmt else Stmt If (Expr) Stmt

'"HULYDWLRQ RI WZR SDUVH WUHH VUI R&OWW
6WPW
6RXUFH &RPSLOHU 'HVLJQB 7KHRU\ 7RRIOWJIP

7TKISUREOHP FDQ EH UHVRYHG E\ DVVI
SUHYLRXV XQPDWFKHG pLIVYT 7KHUHII
WKH FRUUHFW LQWHUSUHWDWLRQ 77X
DQ HTXLYDOHQW DV ZHOO

6 W-B \WI 6 V
.16 WPOD W

.16 WPS\Q P D W

0D W FtHG I ([SU oL
ODWF#HG



SBQPDWHKHG I ([SU 6WPW
BQPDWHKHG , I ([SU ODWFKHG HOV

1RZ WKLV JUDPPDU JHQHUDWHY WKH VDPH VYV
SDUVLQJ

7TKHUH LV D FRUUHVSRQGHQFH EHWZHHQ FROQ
UHJXODU H[SUHVVLRQV *UDPPDUV DUH PRUH
UHJXODU H[SUHVVLRQ 7KH\ GHVFULEH D ODQ
SURJUDPPLQJ ODQJXDJH FRQVWUXFW WKDW L
H[ISUHVVLRQ FDQ DOVR EH GHVFULEHG E\ D

UHYHUVH LV QRW SRVVLEOH 7KHUHIRUH HYF
FRQWH[W IUHH JUDPPDU EXW QRW YLFH YHUVD

+
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3DUVH WUHH FRQVWUXFWLRQ EH
BBBBB KDV QR SDUHQWYV

$ BBBBBBBB QRGH KDV QR FKLOG
$Q BBBBBBBBBQRGH FDQ KDYH F
(YHU\ UHJXODU H[SUHVVLRQ LV [
BBBBBBBBBBLY WKH SURFHVV RI
WHUPLQDOV E\ DSSO\LQJ D VHW
'HULYDWLRQ DQG BBBBBBBBBB B
$Q DPELJXRXV JUDPPDU FDQ SUR
BBBBBBBBB GHULYDWLRQ RU BBH
VWULQJ RI WRNHQV

(DFK LQWHULRU QRGHV RI D SDU
VRPHBBBBBBBBBB

W LV GHVLUDEOH WR HOLPLQDW

JLQV DW

UHQ

KLOG QRG
) BBBBBBE
JHQHUDW
RI SURGX
BEBBBBBL
GXFH PR
BBBB GHI

VH WUHH

H WKH BB

3$56,1*

'XULQJ V\QWD[ DQDO\WVLV RU SDUVLQJ FKDUDF
LOQOWR KLHUDUFKLFDO IRUPDW 7KLV KLHUDUFK
WHUPV RI WUHH VWUXFWXUH 7KLV WUHH VWU X
3DUVLQJ LQYROYHV JURXSLQJ WKH WRNHQV R



JUDPPDWLFDODUWUQREFWKUHQV ZLWK W

SBURGXFWLRQ UXOHV DUH DSSOL WHUPLQDO

+RZHYHU GXULLW KDV WR EH GHFLGHG H[DFWO\ ZKLFI
SURGXFWLRQ UXOH ZLOO SURGXV LW PD\

KDSSHQ WKDW WKHUH DUH PRUH W ZLWK

WKH VDRHQRIQQDO ([DFWO\ ZKLFK SU

GHVLUHG VWULPXVW EH GHFLGHG GXULQJ HDFK SDUVH W
FRQVWUXFWAW QXYW WHFH WKH IJHQHUDYV

FRQVLGHULQJ WKH IRO(

)LJ 3URGXFWLRQ UXOHV IRU
7KH VWULQJ WR LG LG &RQVWUXFWLRQ EHJLQV DW L
QRGH ( $V WKH VWULQJ I+ WKH RQO\ DSSOLFDEOH
SURGXFWLRQ'XVLQJ HDFK JHQHUDWLF
VIPERO LV UHDG DQG DFFRUGLQJO\ ¢
LW LV p § WKHUHI: ( 7KLV ZD\ ZH NHHS ROQ
DSSO\LQJ SURGXFWLRQV DQG H[SDQG
VWULQJ FRROVDOW/IOHDI QRGHV DV WH
WKH SDUVH WUHH FRQVWUXFWLRQVKH
QRGHV LQ RUGHU WR JHQH ,Q D SDUVH WUHH DOO
LOQOWHULRU QREHFLIDHOQYP@G DPLQDOV



)6 7 Parcg tpag fon pivjpa , {HLIRU VWULQJ p

ORVW FRPPRQO\ SDUPDMRU FLt WRS GRZQ
SDUVLQJ D XS SDUVLQJ 7KHVH FDWWKH
PDQ RU RUGHWLFK QRGHV RI WKH SI

7R GRZQ SDUVLQJ
6RPHWLPHY WKH RUGHU RI GHULYDW
&RQVWUXFWLRQ SURFHHGV E\ DSSO\L
WKH WUHH G6XEVHTXHQWO\ U)> WHUPLQDOYV
DSSHDULQJ DW \WUHH 7KLV ZD H[SDQGHG
DQG DW RQH SRLQW RI WLPH ZH VKX
WHUPLQDOV )LQDOO\ ZH ZLOO FRQW
JHQHUDWH WKH V:H VKDOO FFIROORZLQJ VHW
RI SURGXFWLRQ UXOHV DCDDEEI’

6 : D6D

6: E6GE

6: F

7KH SDUVH WUHH JHQHUL

i1d



)L J TR SUUVLQJ IRU JHQHUDWL

7KH SDUVHU EHJLQV E\ VFI OHIW ZLWK RQH

FKDUDFWHUKHWIIDUWWRH WKH VWULQJ LV pDY DQG WKHUH L

RQO\ RQH SURGXFWL ubY 6 : b6D 6R LW LV DSSOLHG

IURP WKH VWDUW VWDWH '+ ZKLFK LV DOVR WKH

ORRNDKHDG V\PE 7KHUHIRUH WKH VDPH SURGXFWLRQ L

DSSOI1RAHAG WKH ORRNI LV peYf 7KHUHIRUH SURGXFWLRQ 6
E6E LV DSSOLHG DV LW LV WKH RQC

JRU WKH QH[W FKDUPH SURGXFWLRQ LV DSSOLHG 7KH

VWULQJ WKDW ZH KDYH JRW LV 2 : F LQ

RUGHU WR JHQHUDWH

W LV ZRUWK PHQWLRQLQJ KHUH W

SURGXFWLRQ PD\ PDWFK WKH ORRNSO\

VXFK SURGXFWLRQ +RZHYHU VXFK D:

WR GHULYH WKH V RU SDUVLQJ LV LQFRPSOHWH ,Q WKD

FDVH ZH PD\ QHHG WR EDFNWUDFN D

7KLV HYHQWXDOO\ OHDGV WHIRUH D VSHFLDO

FDVH RI WRS GKROAQISQWVRGXFHG ZKLFK LV WHUPHG DV WK

SUHGLFWLYH SDUVLQJ

$ UHFXUVLYH GHVFIF GRZQ SDUVLQJ PHWKRG LQ ZKLFK

D VHW RI UHFXUVLYH SURFHGXUHYV DU

ZLWK HDWKIUWFR@DO RI D JUDPPDU %



GHVFHQW SDUVLQJ LV SUHGLFWLYH SDUVLQJ
FDQ GHWHUPLQH H[DFWO\ ZKLFK SURGXFWLRQ
VWHS RI SDUVLQJ +HUH D PDWFKLQJ SURTF
GHWHUHPLQH WKH SURFHGXUH WR EH VHOHFW
/HW XV FRQVLGHU WKH IROORZLQJ VHW RI UX(
VWULQJ SDDEEFEEDD”

6 : D6D _ 6D

6 : EBE_ 6E

6 : F
7KH ORRNDKHDG V\PERO LV LQLWLD@O\ VHW W
FDOO WR WKH SURFHGXUH IRU WKH RWDUWLQJ
SURGXFWLRQV VWDUWLQJ ZLWK 6 7KH FRGH LV

PDWFK D 6 PDWEFK D
DQG 6 PDWEFK D

(DFK WHUPLQDO LQ WKH ULJKW VLGRWN WKH S
WKH ORRNDKHDG V\PERO (DFK QRQ WHUPLQDC

GRHV QRW PDWFK WKH ORRNDKHDG +RZHYI
HI[SDQGHG 7KH QH[W ORRDKHDG LV pDYT $FFRU
ULJKW VLGH D6D LV DSSOLHG 7KHUHIRUH W
HIHFXWHG 1H[W WLPH DJDLQ 6 LV H[SDQGHG
DQG WKH ORRNDKHDG V\PERO LV pESY

PDWFK E 6 PDWFK E

2QFH pEY LV PDWFKHG DJDLQ WKH SURFHGXU
7KH VDPH VHW RI FRGHV OLNH ZLOO EH H[HF
ORRNDKHDG V\PERO pEY LV PDWFKHG DJDLQV\
ILQDOO\ FRGH IRU 6 LV DJDLQ H[HFXWHG 7K
HIHFXWHG LV

PDWEFK F



7KLV WLPH WKH ORRNDKHDG V\PERO LV upFY 7KLV PDW
PDWFKLQJ SURFHGXUH 7KH ORRNDKHDG V\PERO JXLGH!
RI SURGXFWLRQ WR EH XVHG 7KH VXFFHHGLQJ ORRNDKH
DOUHDG\ JHQHUDWHG DQG QR PRUH QRQ WHUPLQDOV DUH

%RWWRP XS SDUVLQJ

%RWWRP XS SDUVLQJ LV WKH UHYHUVH RI WRS GRZQ SDU'
EHIJLQVY DW WKH OHDI QRGHV $W HYHWAN GHULYDWLRQ VWEF
DSSOLHG DQG XOWLPDWHO\ ZH UHDRKL® SRLQW ZKHUH RC
DWWDLQHG %RWWRP XS SDUVLQJ DOzZD\V EHJLQV ZLWK D
RU PRUH LQSXW V\PEROV DUH SXVKHG RQWR WKH VWDFN
WKH JUDPPDU UXOHV WKHVH V\PEROV DUH UHSODFHG E
3bUVLQJ WHUPLQDWHYV ZKHQ DOO WKH LQSXW V\PEROV K
ZH JHW WKH VWDUW V\PERO WKDW MMLVWKH URRW QRGH (
ZKROH SURFHVV FDQ EH WKRXJKW DV UHGXFLQJ D VWU
VI\PERO RI WKH JUDPPDU $W HYHU\ UHGXFWLRQ VWHS
VXEVWULQJ PDWFKLQJ WKH ULJKW VLGH RI D SURGXFWLR
OHIW VLGH RI WKH SURGXFWLRQ ,W FDQ EH REVHUYHG K&t
WKH ULJKWPRVW GHULYDWLRQ RFFXUV LQ UHYHUVH 7K
VWULQJ ZKLFK PDWFKHV WKH ULJKW VLGH RI D SURGXFW
SKDQGOH"™ RI WKH VWULQJ 7KH KDQGOH LV UHGXFHG WR
WKH OHIW VLGH RI WKH SURGXFWLRQ 7KLV UHSUHVHQW!'
UHYHUVH RI D ULJKWPRVW GHULYDWLRQ %RWWRP XS SDI
DV VKLIW UHGXFH SDUVLQJ



1RZ OIVHH KRZ KBWSWRNFLQJ KDSSHQ\
VDPH VWULQJ

)LJ  Tottom-up parsing for geperationw JHQ

SDDEEFEEDD’

7TKH GHULYDWLRQ VWEF

DDEEI

DDEEC¢

DDE¢

DD6DD

De6D

6

7KH VWDFN FDQG WKH LQSXW VWULQ

ILQDOO\ SDUVHG WKH 6 EHLQJ WKH

DQG WKH LQSXW VV 7KH IROORZLQJ W

HDFK PRYH RI WKH SDUVHU UHGXFH SDUVHU
EHKDYHV DUVLQJ

7TDEOH UHGXFH SDUVLQJ RQ 1

6WHSWDFN , QS XW$ FW
D D E E F ESEKDLDW
D DEEFEEDD 6KLIW
DD EEFEEDD 6KLIW
DDE EFEEDD 6KLIW




DDEE FEEDD 6 KLIW

DDEEF EEDD SPHGXFH WR 6 F
DDEE®G EEDD 6KLIW

DDEEBED SHGX*H WR 6 EGE
DDEP EDD 6 KLIW

DDEPBE DD SH XHH WR 6 EGE
DD6 DD 6 KLIW

DD6D D SHE&XFH WR 6 DeD
D6 D 6 KLIW

De6D SHG>»FH WR 6 DeD
6 $SFFHSW

7KH VKLIW UHGXFH SDUVHU LQYROYHV
SHGXFH $FFHSW (UURU

,Q 6KLIW DFWLRQ WKH QH[W LQSXW V\PERO LV VKLIW
WKH VWDEFN

,Q 5HGXFH DFWLRQ WKH SDUVHU LGHQWLILHYVY WKH W
WKH ULJKW HQG RI WKH KDQGOH 7KH KDQGOH LV WKI
WKH QRQ WHUPLQDO DW WKH ULJKW

,Q $FFHSW DFWLRQ WKH SDUVHU
FRPSOHWLRQ RI SDUVLQJ

,Q (WURU DFWLRQ WKH SDUVHU GLVFRYHUV WKDW D
RFFXUUHG DQG FDOOV DQ HUURU UHFRYHU\ URXWLQH

IRXU SRVVLEOH DEF

DQQRXQFHV V

$V DOUHDG\ PHQWLRQHG D 3KDQGOH’ RI D VWULQJ LV W
PDWFKHV WKH ULJKW VLGH RI D SURGXFWLRQ 7KH KDQGC
QRQ WHUPLQDO RQ WKH OHIW VLGH RI WKH SURGXFWLRQ
WKH KDQGOH DQG LV UHGXFHG WR 6 'XULQJ VWHSV DQ!
KDQGOH JHQHUDWHG DQG LV UHGXFHG WR 6 6LPLODUO\
UHGXFH KDQGOH *D6D° WR WKH QRQ WHUPLQDO 6



&+(&. <285 352*5(66

3DUVLQJ LQYROYHV JURXSLQJ WK
LQWR BBBBBBBBBB

7KH KLHUDUFKLFDO VWUXFWXUH H
BBEBBBBBBBBB
'XULQJ WRS GRZQ SDUVLQJ
BBBBBBBBBBB RI WKH WUHH
$ WRS GRZQ SDUVLQJ PHWKRG LQ
SURFHGXUHVY DUH WR EH H[HFXWH
BBEBBBBBBBBB BBBBBBBBBBBB
:KDW LV SUHGLFWLYH SDUVLQJ"
BBBBBBBBBB BBBB SDUVLQJ EHJLQ
DW BBBBBBBBB

'KDW GR \RX XQGHUVWDQG E\ KDQ
%RWWRP XS SDUVLQJ LV DOVR WH
:KDW DUH WKH DFWLRQV LQYROYH

FRQV

H WRNHC
UHDWHOC
WUXFWL|
ZKLFK D
G LV WH
V DW W|
GOH RI |

UPHG D\
G LQ 6K

6723 72 &216,'(5

$KDQ®ROHW VWULQJ LV D VXEVWULQJ W
SURGXFWLRQ 'XULQJ VKLIW UHGXFH
WHUPLQDO RQ WKH OHIW VLGH RI D §
ZKHQ ZH KDYH D ULJKW VHQWHQWLDAC
ZLWK PDWFKLQJ D VXEVWULQJ DW [
FDVH LV UHSODFHG E\ $ DQG HYHQWV
WKH VWDUW V\PERO RI WKH JUDP P D{H
VWULQJ DQG HDFK UHGXFWLRQ UHSUH
ULIKWPRVW GHULYDWLRQ

FIOMQ B W HBIDKAC
UHPRYLQJ WKH FKLO(

SHGXFLQJ WR $ LQ
DQRWKHU ZD\ RI

KDW PI
SDUVL(
URGXFV
) IRUP

) SDUWI
\RXD O O\
i LV W
IVHQW YV

/HDGV D V
S5UHQ RI

6800,1* 83

x $ JUDPPDU GHULYHV VWULQJV RI WHUPLQD
GHULYHG E\ EHIJLQQLQJ ZLWK WKH VWDUW



GHULYDWLRQ VWHS HDFK QRQ WHUPLQDO LV UHSHDW
WKH ERG\ RI WKH SURGXFWLRQ 'HULYDWLRQ VWRSV Z
RI WHUPLQDOV LV ILQDOO\ JHQHUDWHG

7KH VHW Rl DOO VWULQJV JHQHUDWHG E\ D JUDPPDL
ODQJXDJH RI WKH JUDPPDU $ ODQJXDJH / IRU WKE
JUDPPDUV * LV GHQRWHG DV / *

'HULYDWLRQ PD\ WDNH SODFH LQ JHUR RU PRUH VWHSE
PRUH VWHSV $ VHQWHQWLDO IRUP LV D FRPELQDWLF
VIPEROV OLNH WHUPLQDOV DQG QRQ WHUPLQDOV

SURFHVV Rl GHULYDWLRQ WKH LQSXW V\PEROV RI W
SDUVHG DUH VFDQQHG IURP OHIW WR ULJKW

(DFK VWHS Rl VWULQJ GHULYDWLRQ FDQ EH UHSUH
FRQVWUXFWLRQ RI D SDUVH WUHH -XVW OLNH GHUL
FRQVWUXFWLRQ DOVR EHJLQV DW WKH VWDUW V\PERC
QR SDUHQWYV

$ WUHH FRQVLVWYVY Rl RQH RU PRUH QRGHV 7KH KHDG
RI D SURGXFWLRQ UHSUHVHQW WKH SDUHQW DQ
UHVSHFWLYHO\ (GJHV FRPH RXW RI WKH SDUHQW WR
*UDPPDUV DUH PRUH SRZHUIXO QRWDWLRQ WKDQ
H[SUHVVLRQ 7KH\ GHVFULEH D ODQJXDJH PRUH SU]
SURJUDPPLQJ ODQJXDJH FRQVWUXFW WKDW LV GHYV
UHJXODU H[SUHVVLRQ FDQ DOVR EH GHVFULEHG E\
+RZHYHU WKH UHYHUVH LV QRW SRVVLEOH 7KHUF
UHJXODU H[SUHVVLRQ LV D FRQWH[W IUHH JUDPPDU
YHUVD

(DFK GHULYDWLRQ VWHS FDQ EH UHSUHVHQWHG DV D
LQ WRS GRZQ IDVKLRQ 3DUVH WUHH LV D GHSLFWLRQ
$Q DPELJXRXV JUDPPDU FDQ SURGXFH PRUH WKDQ RQ
GHULYDWLRQ RU PRUH WKDQ RQH ULJKWPRVW GHUL
VDPH VWULQJ RI WRNHQV

'XUQJ DPELJXLW\ ZH FDQQRW GHFLGH ZKLFK SDUV}
VHOHFW IRU D VHQWHQFH 7KHUH DUH GLVDPELJXDW
UHZULWH WKH JUDPPDU DQG GLVFDUG WKH XQGHVLU
DQG NHHSV RQO\ RQH

3DUVLQJ IDOOV LQ WZR PDMRU FDWHJRULHV = WRS GI

ERWWRP XS SDUVLQJ

,Q WRS GRZQ SDUVLQJ FRQVWUXFWLRQ EHJLQV DW W
WKH WUHH 6XEVHTXHQWO\ UXOHV DUH DSSOLHG WR
DSSHDULQJ DW WKH QRGHV Rl WKH WUHH &RQVWUXF
OHDI QRGHV FRQVLVWLQJ RQO\ Rl WHUPLQDOV DUH JF



X

%YRWWRP XS SDUVLQJ LV WKH UHYHUVH |
3DUVLQJ EHJLQVY DW WKH OHDI QRGHV $W
JUDPPDU UXOHYV DUH DSSOLHG E\ VKLIWL
SDUVLQJ VWRSV ZKHQ RQO\ WKH VWDUW VYV
%RWWRP XS SDUVLQJ DOZzZD\V EHJLQV ZL\
6\PEROV DUH SXVKHG RQWR WKH VWDEFN
QRQ WHUPLQDOV DFFRUGLQJ WR WKH JUDP
$W HYHU\ UHGXFWLRQ VWHS D SDUWLFXO
ULJKW VLGH RI D SURGXFWLRQ LV UHSODF
SURGXFWLRQ 7KH VXEVWULQJ RI WKH VW
ULJKW VLGH RI D SURGXFWLRQ LV DOVR
VWULQJ 7KH KDQGOH LV UHGXFHG WR WK
VLGH RI WKH SURGXFWLRQ

$16:(56 72 &+(&. <285 352*5(66

6WDUW

/ *

e

e

e

VHQWHQWLDO IRUP

OHIWPRVW ULJKWPRVW
VWDUW

5RRW

WHUPLQDO

LQWHULRU
FRQWH[W IUHH JUDPPDU
'HULYDWLRQ

SDUVH WUHHV

OHIWPRVW ULJKWPRVW

QRQ WHUPLQDOV

DPELJXLW\

JUDPPDWLFDO VWUXFWXUH
SDUVH WUHH

URRW

UHFXUVLYH GHVFHQW SDUVLQJ
$ VSHFLDO FDVH Rl UHFXUVLYH GHVFHQMW
SUHGLFWLYH SDUVLQJ +HUH HDFK ORRN

*

+



GHWHUPLQH H[DFWO\ ZKLFK SURGXFWLRQ KDV WR E
LQDW HYHU\ VWHS RI SDUVLQJ

%RWWRP XS URRW

7KH VXEVWULQJ Rl WKH VWULQJ ZKLFK PDWFKHV WK
RI D SURGXFWLRQ LV WHUPHG DV 3KDQGOH" RI WKH
KDQGOH LV UHGXFHG WR WKH QRQ WHUPLQDO DW W
WKH SURGXFWLRQ

VKLIW UHGXFH SDUVLQJ

7KH VKLIW UHGXFH SDUVHU LQYROYHV IRXU SRVVLE
6 KLIW SHGXFH $FFHSW (UURU

3266,%/( 48(67,216

X6KRUW DQVZHU W\SH TXHVWLRQV

iX:KDW DUH WKH UROHV RI D SDUVHU"

IX:KDW LV SDUVH WUHH" 'LVFXVV

IX+RZ DUH WKH SURGXFWLRQ UXOHV UHSUHVHQWHG"

OX:KDW LV OHIWPRVW GHULYDWLRQ" 'LVFXVV

AX:KDW LV ULJKWPRVW GHULYDWLRQ" 'LVFXVV

OX6KRZ ZLWK DQ H[DPSOH WKH DPELJXLW\ LQ FRQGLWLI
VWDWHPHQWV"

OX:KDW LV UHFXUVLYH GHVFHQW SDUVLQJ"

OX:KDW LV SUHGLFWLYH SDUVLQJ"

0X+RZ DUH GHULYDWLRQV DQG SDUVH WUHHYVY UHODWHG"

X/RQJ DQVZHU W\SH TXHVWLRQV
:KDW LV GHULYDWLRQ" ([SODLQ ZLWK H[DPSOHYV
:KDW DUH WKH WZR DSSURDFKHV RI GHULYDWLRQV" ([
WKHP HODERUDWHO\
KDW LV DPELJXLW\" ([SODLQ ZLWK H[DPSOH
([SODLQ WKH SURFHVV RI SDUVLQJ ZLWK H[DPSOHYV
:KDW LV SDUVLQJ" :KDW DUH LWV W\SHV" ([SODLQ HDF
HODERUDWHO\
'"HVFULEH SUHGLFWLYH SDUVLQJ LQ GHWDLO
:KDW LV 6KLIW 5HGXFH SDUVLQJ" ([SODLQ ZLWK H[DPS

5()(5(1&(6 $1' 68**(67(' 5($',1*6

X %HUJPDQQ 6 &RPSLOHU GHVLJQ WKHRU\ WR
H[DPSOHYV



x 7KDLQ ' , QWURGXFWLRQ WR FRPSLOHUYV
GHVLODQOX FRP

x +ROXE $ , &RPSLOHU GHV$3Q ,LO®,.&
(QJOHZRRG &OLIIV 1- 3UHQWLFH +DOO
Xx KR $ 9 /DP 0 6 B6HWKL 5 8OOPDQ

&RPSLOHUV SULQFLSOHV WHFKQLTXHV DQG

-_—
-
-_—

iiod



81,7
'"(5,9,1* ),567 )2//2: 6(76

QLW 6WUXFWXUH

L QWURGXFWLRQ

8QLW 2EMHFWLYH

(OLPLQDWLRQ RI /HIW 5HFXUVLRQ

/IHIW )DFWRULQJ

'"HULYH WKH )LUVW DQG )ROORZ VHWYV

6 XPPLQJ 8S

$QVZHUV WR &KHFN <RXU 3URJUHVV
SRVVLEOH 4XHVWLRQV

SHIHUHQFHYVY DQG 6XJJHVWHG S5SHDGLQJV

,1752'8&7,21

*UDPPDUV GHVFULEH WKH V\QWD[ RI SURJUDPPLQJ ODQJ
ODVW XQLW ZH GLVFXVVHG WKDW DQ DPELJXRXV JUDPF
PRUH WKDQ RQH SDUVH WUHH IRU WKH VDPH VHW RI JUD|
XQLW ZH VKDOO GLVFEFXVV KRZ OHIW IRWUFXUVLYH JUDPPDU\
HITHFWLYH KDQGOLQJ RI WRS GRZQ SDUVLQJ $QRWKHU LF
WUDQVIRUPDWLRQ WHUPHG DV OHIW IDFWRULQJ LV VXL
SDUVLQJ :H VKDOO GLVEFXVV OHIW IDFWRULQJ RI JUDPPDL

81,7 2%-(&7,9(
$IWHU JRLQJ WKURXJK WKLV XQLW \RX ZLOO EH DEOH WR

Xx 8QGHUVWDQG OHIW UHFXUVLRQ DQG LWV SRVVLEOH H
x .QRZ KRZ WR GR OHIW IDFWRULQJ RI JUDPPDUV
x '"HULYH ),657 DQG )2//2: VHWYV

(/,0,1%$7,21 2) /()7 5(&856,21

&RQWH[W )UHH *UDPPDUV &)* GHVFULEH WKH V\QWD[ RI
7KH\ DUH WKH VHW Rl UHFXUVLYH UXOHV XVHG WR JHQ



VWULQJV RI WKH ODQJXDJH ,Q WKHVODQJXDJH
FRQWH[W IUHH JUDPPDU ZKLFK SDUVHV WKH L«
FRQVWUXFWV WKH OHIWPRVW GHULYDWLRQ R
KDSSHQV IURP OHIW WR ULJKW ZLWK RQH LQS
HDFK VWHS RI SDUVLQJ LW LV WHUPHG DV WK
JUDPPDU KDV WR EH XQDPELJXRXV ,W PXVW Q
OHIW SUHIL[HV ZLWK QR OHIW UHFXUMYRQ /DW
FRQVWUXFWHG E\ JHQHUDWLQJ WKH ),567 DQ
JUDPPDU :H DOUHDG\ KDYH KDG VRPH LGHD UF
LV 1RZ OHW XV WDON DERXW OHIW WHFXUVLR
UHFXUVLYH LI LW LV Rl WKH IROORZLQJ IRUP

$: 5.

$SDUW IURP WKLY DQ\ JUDPPDU UXOH RI WKH |

bW X F WKPAV WHTXHQFHYV
GHULYDWLRQV /7KH OHIWPRVW QRQ WHUPLQD
RQ WKH ULJKW VLGH RI WKH SURGXFWLRQ |
FUHDWLQJ HUURUV DV ZHOO DV OHDGLQJ
SHUIRUPDQFH

$ SURGXFWLRQ UXOH RI WKH IRUP ([SU : ([S
FRQVLGHUHG DV D OHIW UHFXUVLYH JUDPPDU I
DW WKH ILUVW SODFH RI WKH ULJKW VLGH :|
VLPSO\ E\ UHZULWLQJ WKH SURGXFWLRQ DV ([S
WKLV PD\ FUHDWH D QHZ SUREOHP RI FRPPRQ
DOVR UHVXOW LQ WKH ULJKW DVVRFLDWLYH SO

ORUH IRUPDOO\ D JUDPPDU RI WKH IRUP

$ $. $ PP ««_ «

&DQ EH WHUPHG DV WKH OHIW UHFXUVLYH JUDI
LOQWURGXFLQJ D QHZ YDULDEOH RU QRQ WHU
PDQQHU

$> $e S $o  «
$> $e _$ _$r _« Y

IHW XV XQGHUVWDQG OHIW UHFXUVLRQ ZLWK
IROORZLQJ JUDPPDU DQG HOLPLQDWH OHIW UH



> 7 ) _ )
— ( _ LG
SURGXFWERRQV ( —> ( 7 DQG 7 7 ) DUH OHIW UHFXL

WR EH UHVROYHG 'H LQWURGXFH WZR QHZ YDULDEOHYV

UHZULWH WKH SURGXFWLRQV DV IROORZV
— 7 (

(> 7 (¢ _ Y

— ) T
7> ) 7T _ Ya
—> ( _ LG

‘H VKDOO VHH DQRWKHU OHIW UHFXUVLYH JUDPPDU
HOLPLQDWLQJ WKH VDPH

$—> %G $D D

%—>» %H E
7KH QHZ JUDPPDU ZRXOG EH DV IROORZV

$—> D $-
$op %G _ $Se Y
%> E%-e

%>  H%e _ Y
6LPLODUO\ DQRWKHU VHW RI SURGXFWLRQV
6 » $D _E

$—> $F _6G _ Y

1RQ WHUPLQDO 6 LV OHW BHFXL VLR AHEHIFRID XW\H 6
LV QRW LPPHGLDWHO\ OHIW UHFXUVLYH

DQ

&RQVLGHULQJ DQRWKHU H[DPSOH ZKLFK LV LQGLUHFWO\

WU\ WR HOLPLQDWH OHIW UHFXUVLRQ IURP LW

6— $. _

$— 6G



1RZ WKH JUDPPDU FDQ EH WUDQVIRUPHG LQWF
UHFXUVLYH IRUP

66— $.

$> $.G _ G

1RZ HOLPLQDWLQJ OHIW UHFXUVLRQ ZLOO SUR
SURGXFWLRQV

6—> $. _
$» G$e
$> .G$e Y

()7 )$&725,1*

6RPHWLPHY ZH PLIJKW KDYH PXOWLSOH JUDPP
WHUPLQDO DW OHIW VLGH 7KH ULJKW VLGH F
WRNHQV :H VLPSO\ UHZULWH WKHVH SURGXFW
DOQRWKHU SURGXFWLRQ 7UDQVIRUPDWLRQ RI
SURGXFLQJ D JUDPPDU VXLWDEOH IRU SUHGLF
SURGXFWLRQV RI WKH IRUP

$ . KK o

DUH Q SURGXFWLRQV ZLWK D FRPPRQ SUHIL[ .
SURGXFWLRQV ZKLFK GR QRW EHJLQ ZLWK

YDULDEOH $ DQG UHZULWH WKH SURGXFWLRQ\
$— . -

$o—> _ KK« g

6 XFK HTXLYDOHQW UHSUHVHQWDWLRQV DUH
JUDPPDUV

/HW XV H[SODLQ OHIW IDFWRULQJ ZLWK D VXLW
6> L(W6 _ L(W6H6+ E
> D

+HUH L W DQG H VWDQG IRU LI WKHQ DQG H
HI[ISUHVVLRQ DQG VWDWHPHQW 1RZ WKH OHIW



66— L(W66° _ E
6> H6e Y4
— D

6« EH WKH QHZ YDULDEOH XVHG GXULQJ WUDQVIRUPDWLR:
HOLPLQDWHY FRPPRQ SUHIL[HV IURP D VHW RI SURGXFWLI

&+(&. <285 352*5(66

$Q // JUDPPDU KDV WR EH BBBBBBBBBBBBBB

I SDUVLQJ WDEOH LV FRQVWUXFWHG E\ JHQHUDWL
BBEBBBBBBBBBB DQG BBBBBBBBBB VHWV RI WKH JUDP|
$ OHIW UHFXUVLYH JUDPPDU FUHDWHY BBBBBBBBBBB
,Q D BBBBBBBBBBBB BBEBBBBBBBBBBBB JUDPPDU LW I
GHVLUDEOH WR HOLPLQDWH WKH FRPPRQ SUHIL[ RI

"(5,9( 7+( ),567 $1' )2//2: 6(76

,Q WKH IROORZLQJ VHFWLRQ ZH VKDOO WU\ WR GHULY
)2//2: VHWV IRU DQ\ // JUDPPDU * ZKLFK ZLOO EH XVHC
FRQVWUXFWLRQ RI HITHFWLYH SUHGLFWLYH SDUVLQJ WD
SUHGLFWLYH SDUVLQJ WDEOH KDV EHHQ GLVFXVVHG LQ
WKDW WKH JUDPPDU * VKRXOG EH OHIW IDFWRUHG DV ZH
VKRXOG EH HOLPLQDWHG IURP WKH SURGXFWLRQV ZKLFK

),567 . IRU D VWULQJ RI JUDPPDU V\PEROV . LV D VHW
WKDW eEHJLQ WKH VWULQJW YGHWKMBGYIURPLQ ,I
),567

7R GHULYH WKH )2//2: $ IRU D QRQ WHUPLQDO $ WKH
WHUPLQDOV DSSHDULQJ LPPHGLDWHO\ WR WKH ULJKW R
RXW )RU D GHULYDW®E:REE RIZWHKBHIR®E &H D
VHQWHQWLDO IRUP )2//2: $ LV GHWYHG E\ WKH VHW RI V
$ LV WKH ULIKWPRVW V\PERO RI WKH VHQWHQWLDO IRUP
FRQVLVWYV RI RQO\ RI

1RZ OHW XV XQGHUVWDQG WKH UXOHV IRU FRPSXWLQJ W
WKH JUDPPDU V\PERO $ :H DSSO\ WKHVH UXOHV XQWL
WHUPLQDOV RU ¥« FDQ EH DGGHG WR WKH ),567 VHW



, I $ LV WKH WHUPLQDO WKHQ ),567 $ FF

VHW ~$°

B> Y» LV D SURGXFWLRQ WKHQ ),5¢6
HOHPHQW Y

| H W <<« <9gEH D SURGXFWLRQ IRU W

WHUPLQDO ; WKHQ D LV LQ ),567 ; LI IF
),5667 <DQG % LV LQ DGO ))5687<<

| % LV LQ \,BB@ D00 M « Q WKHQ D
),567 ; ., @RHV QRW GHULYH % WKHQ
FRQVLVWYV RI WKH %W 567 WKHQ
),567 <LV DGGHG WR ),567 ; DQG VR RQ

1RZ WKH ),567 IR D« VWUV FRRSXWHG E\ DGGI
DOO QRQ ¥% V\PEROVIRA L\BAR<) WEKHO WKH QRQ
¥ VIPEROV RI| JLY6DGGHG 6LPLODBRQWDLMGE7 <
¥, WKHQ WKH QRQ % V\PEGOERIDGEBHGWR WK
VHW )LQDOO\ IRy PAQWDLQY,%7 <

1RZ WR FRPSXWH WKH )2//2: $ VHW IRU D QR
PXVW DSSO\ WKH IROORZLQJ UXOHYV

30DFH WR WKH )2//2: $ ZKHUH $ LV
VIPERO DQG LV WKH ULJKW HQGPDUNH L
| WKHUH LV D SBRGXFWLRQ $ % W
),567 H[FHSW % LV SODFHG LQ )2//2: %
| WKHUH LV D S4RGXFWLRQ $ — .% RU
% ZKHUH ),567 FRQWDLQV % WKHQ
y2//12: $ LV LQ )2//2: %

([DPSOH &RQVLGHU WKH IROORZLQJ JUDPPD
DQG )2//2: VHWYV

(— 7 (-

(> 7 (¢ _ Y

— ) T
> ) Te Y4
> ( _ LG

‘H NQRZ WKDW
),567 ( ),567 7 ),567 ) ~ LG

),567 (¢ ~ YO



),567 T+ A YO
y2/12: ( )2112: (» »
y2/12: 7 )21/2: T« A
y2//12: ) A

$V SHU UXOH RI GHULYDWLRQ Rl ),567 VHW ),567 ( ),5¢
),567 ) DUH HTXDO :H FDQ GHULYH V567 ) VHW KDYLQJ
A LG 6LPLODUO\ ),567 (+ ZLOO RRQWDLQ WKH VHW 2
SURGXFWLRQ (: 7 (+ _ % $QG ),567 7« ZLOO EH GHULY
VHW A~ % > DV SHU WKH SURGXFWLRQ 7« : ) 7« Y

1RZ GHULYDWLRQ RI )2//2: $ VHWV UHTXLUH WR EH SO
VHW ZKHUH $ LV WKH VWDUW V\PERO +HUH WKH VWD
7KHUHIRUH )2//2: ( ZLOO FRQWDLQ LQ WKH VHW $SDU
WKH )2//2: ( DOVR FRQWDLQV p § LQDWKH VHW DV LW L
ZKLFK IROORZV ( 1RZ DFFRUGLQJ WR UXOH HYHU\WKLQ
( LV LQ )2//2: (» 7KHUHIRUH )2//2: (» ZLOO FRQWDLQ
VDPH VHW 'HULYDWLRQ RI )2//2: 7 UHTXLUH WKH VHW ),

Yo ° 7TKHUHIRUH p § LV LQ WKH VHW G6LQFH (¢ ! %
DFFRUGLQJ WR UXOH HYHU\WKLQJ LQ )2//2: (« LV LQ )2/
TKXV )2//2: 7 LV LQ ~ © 5XOH LPSOLHV )2//2: 7=

ZLOO FRQWDLQ WKH VDPH HOHPHQWWHWKDW )2//2: 7 FR(
VDPH zZD\ )2//2: ) ZLOO EH GHULYHG E\ WKH VHW ),567
ZKLFK LV ~ Yo © 1RZ )2//2: ) ZLOO FRQWDLQ WKH HOHPI
WKH VHW 6LQFH (¢ ! % HYHU\WKLQJ LQ )2//2: 7+ LV LQ
) 7KHUHIRUH )2//2: ) ZLOO KDYH WKH VHW ~ )

),567 DQG )2//2: VHWV DUH HVVHQWLDO IRU FRQVWUX
SUHGLFWLYH SDUVLQJ WDEOH $Q\RUDPRDU FDQ GHULYH
WR SURGXFH LWV FRUUHVSRQGLQJ BDUVLQJ WDEOH +RZH
LV OHIW UHFXVULYH RU DPELJXRXV WKH WDEOH ZLOO KL



‘H VKDOO VHH KRZ WR FRQVWUXFW SUHGLFWL
WKHVH VHWV LQ WKH QH[W XQLW

&+(&. <285 352*5(66 ,,

7KH WRS GRZQ SDUVHU ZKLFK LQYROYHV E
WKH BBBBBBBBBB BBBBBBBBBB SDUVHU
$ VSHFLDO IRUP RI WRS GRZQ SD[UVHU ZKL

EDFNWUDFNLQJ LV WHUPHG DV BBBBBBBBB
BBBBBBBB SDUVHUV FDQ EH FRQVWWUXFWHDC
JUDPPDUYV
$ SUHGLFWLYH SDUVHU SURJUDP FRQVLV
HDFK BBBBBBBBBB

6800,1* 83

Xx &RQWH[W )UHH *UDPPDUV &)* GHVFULEH
ODQJXDJH 7KH\ DUH WKH VHW RI UHFXUVL’
SDWWHUQV RI VWULQJV RI WKH ODQJXDJF
FRQWH[W IUHH JUDPPDU ZKLFK SDUVHV W
ULJKW DQG FRQVWUXFWYV WKH OHIWPRVW C

X :KHQ VFDQQLQJ KDSSHQV IURP OHIW WR
VIPERO DV ORRN DKHDG DW HDFK VWHS RI
WKH // JUDPPDU $Q // JUDPPDU KI
XQDPELJXRXV [/ SDUVLQJ WDEOH LV
JHQHUDWLQJ WKH ),567 DQG )2//2: VHWV RI

X 6RPHWLPHY ZH PLJKW KDYH PXOWLSOH JUI
QRQ WHUPLQDO DW OHIW VLGH 7KH ULJKW
SUHIL[ RI WRNHQV :H VLPSO\ UHZULWH W
UHSODFH WKHP ZLWK DQRWKHU SURGXFW
VXLWDEOH IRU SUHGLFWLYH SDUVLQJ

X &RQVWUXFWLRQ RI SUHGLFWLYH SDUVLQJ
FRQVWUXFWLRQ RI ),567 DQG )2//2: VHWV
RI WKH SDUVH WDEOH

$16:(56 72 &+(&. <285 352*5(66

S8QDPELJXRXV
),567 DQG )2//2:

-
el



LQILQLWH ORRSV
OHIW IDFWRUHG
UHFXUVLYH GHVFHQW
SUHGLFWLYH
SUHGLFWLYH

QRQ WHUPLQDO

3266,%/( 48(67,216

X6KRUW DQVZHU W\SH TXHVWLRQV

iX:K\LV LW UHTXLUHG WR HOLPLQDWH OHIW UHFXUVLRC
JUDPPDU" "LVFEXVV

iIX:KDW LV OHIW UHFXUVLYH JUDPPDU" "HVFULEH

iX:KDW DUH WKH WDVNV SHUIRUPHG E\ D SUHGLFWLYH S
SURJUDP"

OX:K\ LV LW QHFHVVDU\ WR GHULYH WKH ),567 DQG )2//2:
RI D JUDPPDU"

X/RQJ DQVZHU W\SH TXHVWLRQV
'HVFULEH KRZ OHIW UHFXUVLRQ LV HOLPLQDWHG IURF
'KDW LV OHIW IDFWRULQJ RI JUDPPDU" ([SODLQ ZLWK
'HVFULEH WKH UXOHV IRU GHULYLQJ WKH ),567 DQG )2
RI D JUDPPDU

5()(5(1&(6 $1' 68**(67(' 5($',1*6

X %HUJPDQQ 6 ' &RPSLOHU GHVLJQ WKHRU\ WR
HIDPSOHYV

X 7TKDLQ ' ,(QWURGXFWLRQ WR FRPSLOHUV DQG ODQJ
GHVLOXQOX FRP

x +tROXE $ , &RPSLOHU GHVE&3Q ,L@,.&
(QIOHZRRG &OLIIV 1- 3UHQWLFH +DOO

x $KR $ 9 /IDP 0 6 6HWKL 5 80OOPDQ -

&RPSLOHUV SULQFLSOHV WHFKQLTXHV DQG WRROV 6H

Eanld
-_—

—_—



81,7
723 '2:1 3%$56,1*

8QLW 6WUXFWXUH

 QWURGXFWLRQ
8QLW 2EMHFWLYH
7RS 'RZQ 3DUVLQJ

/O *UDPPDU
5HFXUVLYH '"HVFHQW 3DUVLQJ
3UHGLFWLYH 3DUVLQJ

1RQ 5HFXUVLYH 3UHGLFWLYH 3DUVLQJ
6XPPLQJ 8S
$QVZHUV WR &KHFN <RXU 3URJUHVV
3RVVLEOH 4XHVWLRQV
5HIHUHQFHYV DQG 6XJJHVWHG 5HDGLQJV

,1752'8&7,21

‘H DOUHDG\ KDYH XQGHUVWRRG ZKDW SDUVLC
SDUVLQJ LV Rl WZR W\SHV WRS GRZQ DQG E
SDUVLQJ FRQVWUXFWLRQ RI SDUVH WUHH EHJ
XQWLO WKH OHDI QRGHV JHQHUDWBHAK VWULQJ
NLQG PD\ RU PD\ QRW UHTXLUH EDFNWUDENLC
QHHG UHSHDWHG VFDQQLQJ RI WKH LQSXW GX
$QG ZKHQ D JUDPPDU KDV PRUH WKDQ RQH SU
OHIW KDQG VLGH WKHQ LW PD\ EHYURXYVLUHG

LQSXW RQFH DSSOLFDWLRQ RI D SURGXFWLRQ
GHVLUHG VWULQJ RI WHUPLQDOV $QRWKHU IR
GRHV QRW UHTXLUH EDFNWUDFNLQJ LV WKH

WHFKQLTXH IURP WKH VHW RI SURGXFWLRQV

LV DEOH WR VHOHFW WKH PRVW BDWILREORIRQ!
GHVLUHG VWULQJ RI WHUPLQDOV Q® UNMDKMHHOD V)



WKH ),567 DQG )2//2: VHWV WKH WZR PDMRU IXQFWLRQ
SUHGLFWLYH SDUVLQJ WDEOH ,Q WRW XQLW ZH VKDOO
W\SHV RI WRS GRZQ SDUVHUV :H VKDOO DOVR GLVFXVV
SsbuvLQJ WDEOHV IRU DOO WKHVHHPHIXPPDUV :H VKDOO
WKHVH WZR VHWVYV LQ RUGHU WR XQDPELJXRXVO\ GHYV
SURGXFWLRQ UXOH WR EH DSSOLHG LQ HYHU\ JHQHUDWLR

81,7 2%-(&7,9(

$IWHU JRLQJ WKURXJK WKLV XQLW \RX ZLOO EH DEOH WR

Xx '"HILQH WRS GRZQ SDUVLQJ

X 8QGHUVWDQG WKH ZRUNLQJ RI D WRS GRZQ SDUVLQJ
X ([SODLQ WKH IXQFWLRQDOLW\ RI DQ // SDUVHU

Xx .QRZ WKH ZRUNLQJ SULQFLSOH RI D UHFXUVLYH GHVF
Xx ([SODLQ WKH ZRUNLQJ RI 1RQ UHFXUVLYH 3UHGLFWLY

723 '2:1 3%$56,1*

7KH SDUVLQJ SUREOHP FDQ EH GHILQHG DV JLYHQ D JU
vwuLQd ZH QHHG WR GHWHUPLQH ZKHWKHU WKH VWUL
ODQJXDJH RI WKH JUDPPDU 3DUVLQXXDOJRULWKPV GHILQ
ZKLFK WKH GHULYDWLRQ WUHH LV EXLOW RU WUDYHUVHG
DOJRULWKPY DUH FODVVLILHG LQWR WRS GRZQ DQG ERW
GRZQ SDUVLQJ FRUUHVSRQGV WR DSSOLFDWLRQ RI UXOF
GRZQ IDVKLRQ 7KH DOJRULWKP VFDQV RQH V\PERO DW D
SURGXFWLRQ UXOHVY DQG GHFLGHV ZKHWKHU WKH VWUL
3bUVvLQJ DOzZD\V EHJLQV ZLWK WKH VWDUWLQJ QRQ WHL
GHFLGH ZKLFK SURGXFWLRQ UXOH WR EH DSSOLHG DW H)
7KH ILUVW V\PERO RQ WKH ULJKW VLGH RI UXOHV LV FR
VFDQQHG LQSXW VI\PERO ,I WKH\ PDWFK WKH UXOH LV D
SbUvLQJ DWWHPSWV WR ILQG WKH OHIWPRVW GHULYDWL
(YHQWXDOO\ WKH SDUVH WUHH LV FRQVWUXFWHG IURP W
JHQHUDWHG LQ SUHRUGHU IDVKLRQ

el

=1}



OHWKRGV DUH ZULWWHQ IRU HDFK QRQ WHUP
DOORZDEOH IRUPDW RI WKH JUDPPDU LV $ :
WHUPLQDOV DQG QRQ WHUPLQDOV

I *UDPPDU

‘H KDYH JRW D EULHI RYHUYLHZ RQ // JUDPF
XQLW /DQJXDJH VWUXFWXUHV PXVW EH H[SUH
EHORQJV WR WKH // FRPPXQLW\ +RZHYHU QI
H[SUHVVHG LQ WHUPV RI // JUDPPDU 7KH\
&RQWH[W JUHH *UDPPDUV &)*V WKDW FDQ EH
SDUVLQJ DOJRULWKP ,W FDQ EH SDUVHG E\ F
WHUPLQDO DQG WKH QH[W WRNHQ LEMWKH LQS)]
UHPHPEHUHG WKDW DQ DPELJXRXV JUDPPDU |
JUDPPDU 7KHUHIRUH DPELJXLW\ PXVW EH UF
IURP WKLV D OHIW UHFXUVLYH JUDPPDU FDQC
WKH FDVH ZLWK JUDPPDUV ZLWK FR®FRQ OHIW
OHIW UHFXUVLRQ LV PXVW IRU HQVXULQJ D JUL
FRPPRQ OHIW SUHIL[HV PXVW DOVR EH UHPRY
GRQH ZH FDQ JR IRU JHQHUDWLQJ WKH ),567 D
WUDQVIRUPHG JUDPPDU DQI ILQDOO\ FRQVWUX
‘H DOUHDG\ KDYH OHDUQW WR HOLPHQDWH DP
ODVW XQLW :H DOVR KDYH OHDUQWO@/®MHOLPL
FRPPRQ OHIW SUHIL[HV

6FDQQLQJ KDSSHQV IURP OHIW WR ULJKW DQ
GHULYDWLRQ RI WKH LQSXW ZLWK RQH ORRND
SDUVLQJ [/ JUDPPDUV FDQ DOVR EH SDUVHG
WDEOH KDV WZR HQWULHYV URZV DQG FROXPQV
UHVSHFWLYHO\ $ WDEOH GULYHQ SDUVHU UHT
DQG D VWDFN WR UHSUHVHQW WKH QRQ WHUP
HDFK VWHS WKH WRS RI WKH VWDFEFN DQG V
FRQVLGHUHG ,I| WKH\ PDWFK VWDFN LV SRSSH
, I WKH\ GR QRW WKH SDUVH WDEOH LV FRQV
DSSOLHG 7KLV SURFHVV FRQWLQXHV XQWLO W
SDUVHU VXFFHVVIXOO\ KDOWYVY 7KH ),567 DQ
FRQVLGHUHG WR SOD\ WKH FUXFLDO UROH LQ V



&+(&. <285 352*5(66

:KDW LV WRS GRZQ SDUVLQJ"
BBBBBBBBBBSDUVHUV QHHG UHSHDWHG VFDQQLQJ RI
GXULQJ SDUVH WUHH FRQVWUXFWLRQ

$QRWKHU IRUP RI WRS GRZQ SDUVHU ZKLFK GRHV Q

EDFNWUDFNLQJ LV WKH BBBBBBBBBB BBBBBBBB

BBBBBJUDPPDU DUH WKH VXEVHW RI &RQWH[W J)UHH *
$Q BBBBBBBBB DQG BBBBBBBBBBBBBBB JUDPPDU FDQ
EH DQ // JUDPPDU
:KDW DUH WKH WKUHH SUHUHTXLVLWHYV IRU JHQHUDMW
JUDPPDU"
I JubPPDUV FDQ DOVR EH SDUVHG ZLWKBBBBBBBBI
$Q // SDUVLQJ WDEOH FRQWDLQYV BBBBBBBBBBB DV
DQG BBBBBBBBBB DV FROXPQV

5(&856,9( '(6&(17 3$56,1*

$ JHQHUDO DSSURDFK WR WRS GRZQ SDUVLQJ LV WKH U
SDUVLQJ ,W LQYROYHV EDFNWUD BMDQNHAXLFK HYHQWXDO
VFDQ RI WKH LQSXW $ VLPSOH IXQFWLRQ LV DVVRFLDWI
WHUPLQDO RI WKH JUDPPDU 7KH GHILQLWLRQ RI WKH IXGC
WR WKH ULJKW VLGH RI WKH JUDPPDU UXOH :KHQ D Q
FRQWDLQHG LQ WKH ULJKW VLGH DJDLQ WKH IXQFWLRQ
QRQ WHUPLQDO LV FDOOHG $QG LI WHUPLQDOV DUH HQI
QH[W WRNHQ LV FRQVLGHUHG 7KH ILUVW WHUPLQDO RI F}
FDWDO\WW WR GHFLGH ZKLFK UXOH PXVW EH XVHG IRL
VXFFHHGLQJ V\PERO RI WKH UXOH PXVYW EH KDQGOHG VHS
IRU UHDGLQJ WKH QH[W LQSXW V\PERO DQG QRQ WHUPLC
WKH IXQFWLRQ RU SURFHGXUH DVVRFLDWHG ZLWK WKDW

3DUVLQJ EHJLQV ZLWK WKH ILUVW V\PERO RI WKH LQSXV
SURFHGXUH IRU WKH VWDUWLQJ QRQ WHUPLQDO 6 LV HPS
HQWLUH LQSXW VWULQJ LV UHDG ZLWK RQH VI\PERO DV
FRUUHVSRQGLQJ UXOH GHILQLQJ D QRQ WHUPLQDO LV DS
UHWXUQV WR WKH SDUVH PHWKRG DIWHU UHDGLQJ WKH
SbUuvLQJ LV DVVXPHG WR EH FRPSONWHW 7KH WZR VWDW
LOQGLFDWH ZKHWKHU WKH LQSXW VWULQJ LV LQ WKH ODQJ



/IHW XV FRQVLGHU WKH IROOQG WKH SURFHVV
EHWWHU

6 D6D _ D6
6> D _E

1RZ OHW XV DSSO\ WKHVH UXOF ,QLWLDOO\
WKH SUR' : D6D LV DSSOLHG DV VKR:
WKHUH DUH WZR SRLQWHUV RQH SRL

LH puDY :KHQ H[SDQGHG WKH VHFF
VI\PERO RI WKH ULJKW VLGF 7KH\ DUH

IRU VLPLDOLW\ 6LQFH WKH\ P

)L D )L J
)LI B6WHSV LQ D UHFXUV

RQH VWHE3RLQWHU PRYHV WR WKH

ZKHUHLI WHUPLQDO 6 ZLOAQRESURFSDAXAHIG6 LV
FDOOHG UDQWKH VDPH SURGXFWLRQ
SRLQWHU QRZ RI WKH WUHH %RWK W
SRLQWHU QRZ PRYHV WR WKH WKL
HISDQGHG ZLWK: D 3RLQWHU PRY
HYHQWXDOO\ OHDGLQJ WR D PDWFK D

uDYT RI WKH VSDUWWBHH SRLQWHU PR

DQG WKH\ PDWFK DJDLQ 7KL\ WR UHIHU WR WK
ILIWK WKH VWULQJ DV 7KHO @ MW FW KIHJ WU HH
ILUVW SRLQWHU PRYHV WR WKH VL[W

KDOwWY DQG SDUVL +HUH EDFNWUDFN

ODV WHUPLQDO EHLQJ H[SDQGHG 6 DQG

WU\ WR DSSO\ DQF: D6)LQDOO\ 6 LV D

XVLQJ SUR : D 1RZ WKLV SURFHVV S

-

(@}



ZDQW WR SDUVH 7KLV LV KRZ UHF WR D
IDXOW\ QRGH DQG WULHV QJ EHORQJV WR D
ODQJXDJH RU QRW

SHFXUVLYH GHVFHQW SDUVHU UHVXO
EDFNWUDFNLQJ D'LHV

35(',&7,9( 3%$56

$QRWKHU IRUP RI WRS GRZQ SDUV|
EDFNWUDWFNLKH SUHG 7KH SDUVHU FDQ HIIHFWLYHO\
SUHGLFW ZKLFK JUDPPDU UXOH FDQ

SDUWLFXODU BQB&WFWLRNMH@DUVLQJ
FDUHHO®OWPPLQDWLQJ OHIW UHFXUVLRQ

IDFWRULQJ LW 7KH QHZ JUDPPDU FDC

SDUVHU ZLWK G

IRKHFXUVLYH 3UHC(

BUHGLFWLYH SDUVLQJ FDQ EH HIIHFN

UDWKHU WKDQ UHFXV 7KH PDLQ SUREOHP ZLWK
SUHGLFWLYH SDUVLQJ LV WR GHWHUF

QRQ WHUPLQDOHFXKHWLERQSUHGLFWLY
SURGXFWLRQ WR EH DSS 7KH PRGHO RI D QRQ
UHFXUVLYH SUHGLFWLYH SDUVHU KO

Input [a [ + [ b [ *]c[s]
A

Stack

Predictive Parsing
Program

—— Output

k.

$ Parsing Table
M

)LJ ORGHC UHFXUVLYH SUHGLFWLYH SDUVHU

7TKH WDEOH GULYHQ SUHGLFWLYH SDU

SDUVLQJ WDEOH DQG DQ RXWSXW V)

LQGLFDWHG E\ D VDPH LQGLFDWHYVY WKH ULJKW HQG PDUN
RI WKH LQSXWHESDWBWLQJ SURJH RYHUDOO
IXQFWLRQLQJ RIKWKSUBDWO/MHWFRQVXOWY WKH SDUVLQJ W
DQG EDVHG RQ WKLV LW GHWHUPLC

-

(o}



WHUPLQDO 7KH SDUVLQJ SURJUDP FRQVLGHUYV
WKH FXUUHQW LQSXW V\PERO D 7KH DFWLRQ
WKHVH WZR V\PEROV DQV LV GHWHUPLQHG E\ D

1 D WKH SDUVHU KDOWV ZLWK D VXF
RI SDUVLQJ

| : D WKH SDUVHU SRSV ; RIl WKH VW
WKH LQSXW SRLQWHU WR WKH QH[W LQS)>
1 LV QRQ WHUPLQDO WKH SDUVHU SU
0>; D@ Rl WKH SDUVLQJ WDEOH 0 7KH
DQ : SURGXFWLRQ RU DQ HUURU HQWU\
345> WKH SDUVHU UHSODFHV ; E\ 543 ZL\
0>; D@ HUURU WKH SDUVHU FDOOV IF
URXWLQH

7KH DOJRULWKP IRU LPSOHPHQWLQJ QRQ UHF
KDV EHHQ VKRZQ EHORZ

$OJRULWKP 1RQ UHFXUVLYH SUHGLFWLYH S
,QOSXW VWULQJ Z DQG D SDUVLQJ WDEOH 0 IRU .
2XWSXWZ LV LQ / * D OHIWPRVW GHULYDWLRQ

OHWKR&H SDUVHU LV LQLWLDOL]HG ZLWK 6 DV
VWDFN ZKHUH 6 LV WKH VWDUW V\PERO RI * D(
XWLOL]HV WKH SUHGLFWLYH SDUVLQRUWDEOH (
WKH LQSXW LQ WKH IROORZLQJ PDQQHU

6HW LS WR SRLQW WR WKH ILUVW V\PERO RI Z
UHSHDW
OHW ; EH DW WKH WRS Rl WKH VWDEN DQG D Et
LI ; LV D WHUPLQDO RU WKHQ
LI ; D WKHQ
SRS ; RIl WKH VWDFN DQG DGYDQFH LS
HOVH HUURU
HOVH
LI 0>; D@ <<« «WKHQ EHJLQ
SRS ; RIl WKH VWDFN
SXVién<c««< < RQWR WKH VRAQD BN L WWRKS <



RXWSXW WKH SURGXFWLRQ ; : <
HQG
HOVH HUURU
XQWLO ; VWDFN LV HPSW\

SULRU WR DSSO\LQJ WKH DOJRULWKP ZH PXVW OHDUQ W
WDEOH IRU WKH JUDPPDU &RQVWUXFWLRQ RI SUHGLFW
IROORZV DQ DOJRULWKP ZKLFK ZH ZLOO GLVFXVV QRZ ,
FKDSWHU ZH KDG JDLQHG VRPH LGHDV UHJDUGLQJ WK
),567 DQG )2//2: VHWV W LV ZRUWKKBAMR PHQWLRQ DW WK

WKHVH WZR VHWYV ZLOO EH DSSOLHG GXULQJ WKH FRQVW
SDUVLQJ WDEOH

$OJRULWKP &RQVWUXFWLRQ RI SUHGLFWLYH SDUVLQJ
,QSXwW *UDPPDU *

2XWSXW 3DUVLQJ WDEOH O

OHWKRG
JRU HDFK SURGXFWLRQ $ : . Rl WKH JUDPPDU GR \
DQG
)RU HDFK WHUPLQDO D LQ ),567 . DGG $ : . WR 0>$%
| Y% LV LQ ),567 . DGG $ : . WR 0>$ E@ IRU HDF
WHUPLQDO E LQ )2//2:$ ,1 % LV LQ ),567 . DQG L

LQ )2//2: $ DGG $ : . WR 0>% @
ODNH HDFK XQGHILQHG HQWU\ Rl 0 EH HUURU

‘H VKDOO DSSO\ WKLV DOJRULWKP WR GHULYH WKH SD

HOLPLQDWLQJ OHIW UHFXUVLRQ IURP WKH JUDPPDU D¢
IDFWRULQJ LW

/IHW XV DJDLQ FRQVLGHU WKH IROORZLQJ JUDPPDU * GHL
RI WKH SUHYLRXV XQLW

* = 7 (
(> 7 (o _ %
— ) T

7> ) 7o _ Y



— ( _ LG
'H NQRZ WKDW

),567 ( ),567 7 ),567 ) ~ LG
),567 (+ ~ Y@

),567 7+ ~ Yy o

y2/12: ( )2112: (» *

y2/12: 7 )2112: 7« A

y2/12: ) A

1RZ OHW XV DSSO\ DOJRULWKP WR JHQHUTL
WDEOH 7KH LQSXW V\PEROV DUH LG [
DUH ( (+ 7 7+ DQG )

7TDEOH SUHGLFWLYH SDUVLQJ WDEO
6RXUFH &RPSLOHUV 3ULQFLSOHV WHFKQLTX
6HWKL DQG 800OPDQ

1RQ ,QSXW B6\PERO
W H U P-QD0

( (1 7 (: 7

(e (

) 7

7KH ),567 VHWV Rl QRQ WHUPLQDO ( 7 DQG ) F
7TKHUHIRUH WKH SDUVH WDEOH HQWULHV 0>(
ZLOO FRQWDLQ WKH SURGXFWLRQV (: 7 (*
UHVSHFWLYHO\ 6LPLODUO\ WKH %566 HW RI
WKH SURGXFWLRQ (*: 7 (¢ ZLOO ILOOIJWKH HQW
WDEOH 0 1RZ VLQFH WKH VHW DOVR FRQWD



FRQVLGHU WKH )2//2: VHW RI (¢ ZKLFK LV * 7TKH HQW
@ DQG 0>(- @ ZLOO EH ILOOHG XS ZLWK (*: % T7KH ),5¢€
FRQVLVWY RI ~ Ya TKHUHIRUH 0>7- @ HQWU\ FR
SURGXFWLRQ 7-: ) 7 6LPLODUO\ IRU Y4 WKH )2//2: 7+ VFE
XVHG ZKLFK LV ~ 6R WKH HQWUWLHYV 0>7- @ 0>7-
@ ZLOO EH ILOOHG XS ZLWK 7+: Y

1RZ /HWTV LPSOHPHQW DOJRULWKP RQ LQSXW VWULQJ
WUDFH WKH VHTXHQFH RI PRYHV XVLQJ WKLV WDEOH ,(
SRLQWHU SRLQWV WR WKH OHIWPRVW V\PERO RI WKH VWL
ULJKW HQG PDUNHU RI WKH LQSXW VWULQJ 6LPLODUO\
FRQWDLQ ( ZKHUH LOQGLFDWHYV WKH ERWWRP RI WKH V
VWDUW V\PERO RI WKH JUDPPDU

7DEOH ORYHV PDGH E\ SUHGLFWLYH SDUVLQJ WDEOH (
LG LG LG
6RXUFH &RPSLOHUV 3ULQFLSOHV WHFKQLTXHVY DQG WR
6HWKL DQG 800OPDQ
6WDFN , QS XW 2XWSXW
( LG LG LG
(s 7 LG LG| LG 7 (-
(¢ 7+ ) LG LG| LG 7: ) T+
(¢ 7« LG LG LG LG ): LG
(o 7 LG UG
(e LG LG Te:| Ya
(s 7 LG LG (e:| 7 (°
(7 LG LG
(¢« 7¢) LG LG 7:0) 7o
(¢ 7+ LG LG |LG ): LG
(¢ 7 LG
(¢ 7)) LG 7 ) 7
(¢ 79 ) LG
(¢ 7« LG LG ) |LG
(o 7o
(e Te: Ya
(¢! Y




3DUVLQJ EHJLQV ZLWK ( DV WKH WRS RI WKH \
LG 7KH SDUVHU ORRNV XS WKH WDEOH WR I
UHSODFHV ( ZLWK (7 ZLWK 7 DW WKH WRS 1
HQWU\ 0>7 LG@ DV 7: ) 7« 7 LV KRZDMASODFFE
WKH WRS RI WKH VWDFN 1RZ HQWU\ 0>) LG@
): LG 7KH VWDFN QRZ FQWDLQV (* 7 LG ZLWK
SRLQWHU DOVR SRLQWV WR LG 7KHUHIRUH D
WRS RI WKH VWDFN PXVW EH SRSSHG DQG WKH
HYT 7KH VWDFN QRZ FRQWDLQV (¢« 7« 7KH SD
RXW WKH HQWU\ 0>7e @ ZKLFK LV 7e¢: % 7KLV
WKH VWDFN HOHPHQW (¢ ,Q WKLV ZD\ WKH SI
DFFRUGLQJ WR WKH DOJRULWKP \V ZK)®D®@ O\ ZH
DV LQSXW VWULQJ KDYLQJ WKH RQO\ VI\PERO
DIWHU DFFHSWLQJ WKH VWULQJ

6RPHWLPHY LW KDSSHQV WKDW WKKWUHGLFW
PXOWLSOH HQWULHV I JUDPPDU * LV OHIW L
ZLOO KDYH DW OHDVW RQH PXOWLSO\ GHILQH:
JUDPPDU

* 6 : L(W66 _ D
6 : H6 _ %
(: E

1RZ ZH GHULYH WKH ),567 VHW RI *
),567 6 AD L°
),567 6  AH Yy
),567 ( ~E°

1H[W ZH GHULYH WKH )2//2: VHW RI *
y2//2: 6  ~H
y2//2: 6+  ~H

7TDEOH SUHGLFWLYH SDUVLQJ WDEO
6RXUFH &RPSLOHUV 3ULQFLSOHV WHFKQLTX
6HWKL DQG 800PDQ

1RQ ,QSXW 6\PERO

WHUPEQRO—¢ H L W
6 6

iTd



L(W6[6 e

7KH WDEOH URZV DUH UHSUHVHQWHWKEH QRQ WHUPLQDOV
FROXPQV DUH UHSUHVHQWHG E\ WHUPLQDOV D E H L W
DOJRULWKP WKH SDUVH WDEOH HQWULHV IRU 6 QRQ W
WR ),567 6 6LPLODUO\ IRU 6+ WKH ),567 6+ ZLOO EH F
$FFRUGLQJO\ SURGXFWLRQ 6+ : H6 ZLOO EH HQWHUHG LQ
),567 6+ FRQWDLQV Y% )2//2: 6+ VHW ZLOO EH FRQVLGHUH
AH ° 7KHUHIRUH 6+ : % ZLOO EH SXW LQ WKH HQWULH'
0>6+ @ /DVWO\ WKH HQWU\ 0>( E@ ZLOO FRQWDLQ WKE
E 7KH HQWU\ 0>6+ H@ FRQWDLQV PRUH WKDQ RQH HQW
ZKRVH SDUVLQJ WDEOH GRHV QRW FRQWDLQ PXOWLSOH
WHUPHG DV // JUDPPDU $ JUDPPDU * LV // LI DQG RQ!
DQ\ WZR GLVWLQFW SURGXFWLRQ $ :. _ RI *

%RWK . DQG VKRXOG QRW GHULYH VWULQJV EHJL
WHUPLQDO D

$W PRVW RQH RI ERWK . DQG GHULYH WKH HPSW\ VW

1 ® Y% WKHQ . GRHV QRW GRHV QRW GHULYH DQ\
EHIJLQQLQJ ZLWK D WHUPLQDO LQ )2//2: $

&OHDUO\ * LV QRW DQ // JubPPDU 7KHUHIRUH TXHYV
ZKDW WR GR ZLWK D SDUVLQJ WDEOH KDYLQJ PXOWLSOH
RQH LPPHGLDWH DFWLRQ WKDW VKRXOG EH WDNHQ LV
UHFXUVLRQ DQG WKHQ OHIW IDFWRULQJ WKH JUDPPDU
JUDPPDUV FDQ QHYHU SURGXFH DQLM QRSDUVHU ,Q JHQH!
XQLYHUVDO UXOH ZKLFK FDQ WUDQVIRUP D PXOWLSOH C
JUDPPDU LQWR D VLQJOH YDOXHG RQH ZLWKRXW DIIHFW
UHFRJQL]HG E\ WKH SDUVHU



&+(&. <285 352*5(66 ),

SHFEXUVLYH GHVFHQW SDUVLQJ LV D ERW)
ZKHWKHU WUXH RU IDOVH
SHFXUVLYH GHVFHQW SDUVLQJ GRHV QRW
6WDWH ZKHWKHU WUXH RU IDOVH
K\ GRHV D UHFXUVLYH GHVFHQW SDL
LQHIILFLHQFLHV"
$ SUHGLFWLYH SDUVHU LQYROYHV EDFNW
WUXH RU IDOVH
SUHGLFWLYH SDUVLQJ FDQ EH HIIHFWLYHC
BBBBBBBBUDWKHU WKDQ UHFXUV|ILYH SURF
, 1 JubPPDU * LV OHIW UHFXUVLYH RU DPE|
DW OHDVW RQH BBBBBBBBBBB HQWU\

6800,1* 83

X '"HULYDWLRQ PD\ WDNH SODFH LQ JHUR RU
PRUH VWHSV $ VHQWHQWLDO IRUP LV D F
VIPEROV OLNH WHUPLQDOV DQG QRQ WH
SURFHVV Rl GHULYDWLRQ WKH LQSXW V\P
SDUVHG DUH VFDQQHG IURP OHIW WR ULJK)

x (DFK VWHS RI VWULQJ GHULYDWLRQ FDQ
FRQVWUXFWLRQ RI D SDUVH WUHH -XVW (
FRQVWUXFWLRQ DOVR EHJLQV DW WKH VWI
QR SDUHQWYV

X $ WUHH FRQVLVWY RI RQH RU PRUH QRGHYV
RI D SURGXFWLRQ UHSUHVHQW WKH S|
UHVSHFWLYHO\ (GJHV FRPH RXW RI WKH S|

Xx *UDPPDUV DUH PRUH SRZHUIXO QRWDW
H[SUHVVLRQ 7KH\ GHVFULEH D ODQJXDJF
SURJUDPPLQJ ODQJXDJH FRQVWUXFW WKE
UHJXODU H[SUHVVLRQ FDQ DOVR EH GHV]
+RZHYHU WKH UHYHUVH LV QRW SRVVLE
UHJXODU H[SUHVVLRQ LV D FRQWH[W IUHF
YHUVD

X ,Q WRS GRZQ SDUVLQJ FRQVWUXFWLRQ RI
URRW DQG LW H[SDQGV XQWLO WKH OHDI
WHUPLQDOV 3DUVLQJ DOZD\V EHJLQV ZL



WHUPLQDO 7KH SDUVLQJ DOJRULWKP VFDQV RQH V\P
DQG GHFLGHV ZKLFK SURGXFWLRQ UXOHV ZLOO EH D
WR GHULYH D VWULQJ

7RS GRZQ SDUVLQJ PD\ RU PD\ QRW UHTXLUH EDFN\
%DFNWUDFNLQJ SDUVHUV QHHG UHSHDWHG VFDQQLC
GXULQJ SDUVH WUHH FRQVWUXFWLRQ 7KH WZR VWDV
DFFHSW DQG UHMHFW ZKLFK LQGLFDWH ZKHWKHU WK
LQ WKH ODQJXDJH RU QRW

/1 JUDPPDU LV WKH VXEVHW RI &RQWH[W )UHH *U
&)*V  WKDW FDQ EH SDUVHG ZLWK DQ\ VLPSOH
DOJRULWKP ,W FDQ EH SDUVHG E\ FRQVLGHULQJ RC
WHUPLQDO DQG WKH QH[W WRNHQ LQ WKH LQSXW V\
KDSSHQV IURP OHIW WR ULJKW DQG SURGXFHV W]
GHULYDWLRQ RI WKH LQSXW ZLWK RQH ORRNDKHDG
VWHS RI SDUVLQJ

7KH ),567 DQG )2//2: VHWV DUH WKH WZR PDMRU IXQF
WKDW SOD\ LPSRUWDQW UROH LQ FRQVWUXFWLRQ F
SDUVLQJ WDEOH 3ULRU WR JHQHUDWLQJ WKH ),567 I
VHWV DPELJXLWLHV OHIW UHFXUVLRQ DQG FRPPRQ
PXVW EH UHPRYHG 7KHQ RQH FDQ JR IRU JHQHUDW
SDUVLQJ WDEOH

7KH UHFXUVLYH GHVFHQW SDUVLQJ LQYROYHV EDFNV
HYHQWXDOO\ OHDGYV WR UHSHDWHG VFDQ RI WKH L
IXQFWLRQ LV DVVRFLDWHG ZLWK HDFK QRQ WHUPI
JUDPPDU 7KH GHILQLWLRQ RI WKH IXQFWLRQ FRUUH
ULJKW VLGH RI WKH JUDPPDU UXOH B5HFXUVLYH GH
UHVXOWYV LQ LQHIILFLHQFLHV DV LW PD\ LQYROYH E
ZHOO DV DPELJXLWLHYV

7KH SUHGLFWLYH SDUVHU FDQ HIIHFWLYHO\ SUHGLFW
UXOH FDQ EH XQDPELJXRXVO\ DSSOLHG RQ D SDUW
WRNHQ 3DUVLQJ FDQ EH REWDLQHG E\ FDUHIXOO\ H(
UHFXUVLRQ IURP WKH JUDPPDU DQG DOVR OHIW IDFW|I
BUHGLFWLYH SDUVLQJ FDQ EH HIIHFWLYHO\ LPSOHPF
VWDFN UDWKHU WKDQ UHFXUVLYH SURFHGXUH FDC
SUREOHP ZLWK SUHGLFWLYH SDUVLQJ LV WR GHYV
SURGXFWLRQ WR EH DSSOLHG WR D QRQ WHUPLQDO

$ WDEOH GULYHQ SUHGLFWLYH SDUVHU FRQWDLQV D
VWDFN D SDUVLQJ WDEOH DQG DQ RXWSXW VWUHDP
OHIW UHFXUVLYH RU DPELJXRXV LW ZLOO KDYH D
PXOWLSO\ GHILQHG HQWU\ LQ WKH WDEOH



$16:(56 72 &+(&. <285 352*5(66

,Q WRS GRZQ SDUVLQJ FRQVWUXFWLRQ RI
URRW DQG LW H[SDQGV XQWLO WKH OHDI Q
WHUPLQDOV
%DFNWUDFNLQJ
SUHGLFWLYH SDUVLQJ
/1
$PELJXRXV OHIW UHFXUVLYH

SHPRYDO RI DPELJXLW\ G5HPRYDO RI OH
(OLPLQDWLRQ RI FRPPRQ OHIW SUHIL[HV
7DEOHYV
QRQ WHUPLQDOV WHUPLQDOV
YDOVH
YDOVH
SHFXUVLYH GHVFHQW SDUVHU UHVXOW LQ
LQYROYH EDFNWUDFNLQJ DV ZHOO DV DPEL
)DOVH
VWDFN
PXOWLSO\ GHILQHG

3266,%/( 48(67,216

X6KRUW DQVZHU W\SH TXHVWLRQV
‘KDW GR \RX PHDQ E\ SDUVLQJ" ([SODLQ LW
‘KDW LV WRS GRZQ SDUVLQJ" ([SODLQ ZLWHE
'KDW LV // SDUVLQJ" 'LVEXVV
+RZ GRHV WKH UHFXUVLYH GHVFHQW SDUVI
SDUVLQJ"

"KDW LV SUHGLFWLYH SDUVLQJ" ([SODLQ LC
'K\ DUH ),567 DQG )2//2: VHWV UHTXLUHG G

X/RQJ DQVZHU W\SH TXHVWLRQV

([SODLQ KRZ WRS GRZQ SDUVLQJ LV LPSOH
'"HVFULEH KRZ // SDUVLQJ LV LPSOHPHQW
KDW LV UHFXUVLYH GHVFHQW SDUVLQJ" 'H
EDFNWUDFNLQJ WDNHV SODFH LQ UHFXUVL
'"HVFULEH WKH PRGHO RI QRQ UHFXUVLYH S
+RZ GR \RX FRQVWUXFW D SUHGLFWLYH SD
ZLWK DQ H[DPSOH



+RZ GR \RX GHULYH WKH ),567 DQG )2//2: VHWV IURP D
JubPPDU" $OVR GHVFULEH WKH VWHSV WR FRQVWUXF!
XVLQJ WKHVH WZR VHWYV

5()(5(1&(6 $1' 68**(67(' 5($',1*6

%HUJPDQQ 6 ' &RPSLOHU GHVLJQ WKHRU\ WR
HIDPSOHYV

7TKDLQ ,(QWURGXFWLRQ WR FRPSLOHUV DQG ODQJ
GHVLOXQOX FRP

+ROXE $ , &RPSLOHU GHVE&38Q ,L@,.&

(QIOHZRRG &OLIIV 1- 3UHQWLFH +DOO

$KR $ 9 /IDP 0 6 6HWKL 5 80O0OPDQ -

&RPSLOHUV SULQFLSOHV WHFKQLTXHV DQG WRROV 6H

Eanld
-_—

—_—
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%27720 83 3$56,1*

8QLW 6WUXFWXUH

,QWURGXFWLRQ

7HFKQLTXHV 8VHG LQ %RWWRP 8S 3DUVLQJ
,QWURGXFWLRQ WR /5 3DUVLQJ

/5 $XWRPDWRQ

6/5 3DUVLQJ 7DEOH

&KHFN <RXU 3URJUHVYV

$QVZHUV WR &KHFN <RXU 3URJUHVV
&DQRQLFDO /5 3DUVLQJ 7DEOH

/$/5 3DUVLQJ 7DEOH

(UURU '"HWHFWLRQ DQG 5HFRYHU\
&KHFN <RXU 3URJUHVV

$QVZHUV WR &KHFN <RXU 3URJUHVV
5HIHUHQFHYV DQG VXJJHVWHG 5HDGLQJV
$GGLWLRQDO 5HVRXUFHYV

,1752'8&7,21

%YRWWRP XS SDUVLQJ LV D VWUDWHKHXVHG E\
VWUXFWXUH RI SURJUDPPLQJ ODQJXDJH VWDW]
WUHH IURP D VHTXHQFH RI LQSXW WRNHQV 7Kk
IURP WKH OHDYHV WKH WHUPLQDO V\PEROV R
XS WR WKH URRW RI WKH SDUVH WUH®J ,W EXL(
WKH ORZHVW OHYHO HOHPHQWY ILUVIWQ DQG WK
UHYHUVH IURP ULJKW WR OHIW WR LQWHJUD!
OHYHO VWUXFWXUHYV XQWLO WKH\PBRRMLUH LQS
RI WKH JUDPPDU



7(&+1,48(6 86(' ,1 %27720 83 3$56,1*

6KLIW SHGXFH 3DUVLQJ 7THFKQLTXH
2QH RI WKH PRVW FRPPRQ ERWWRP XS SDUVLQJ PHWKRG

SHGXFH SDUVLQJ WHFKQLTXH ZKLFK XVHV D VWDFN WR
VI\PEROV DQG D EXIIHU IRU WKH LQSXW WRNHQV 7KH SDI
I[URP WKH LQSXW EXIITHU WR WKH VWIOHN DQG WULHV WR F
WRS RI WKH VWDFN ZLWK WKH ULJKW KDQG VLGH RI JUDP
PDWFK LV IRXQG WKH SDUVHU SHUIRUPV D UHGXFH RSHU
WKH LWHPV RQ WKH VWDFN ZLWK WKH FRUUHVSRQGLQJ C
I[URP WKH OHIW KDQG VLGH RI WKH UXOH

x ([DPSOH

&RQVLGHU D VLPSOH JUDPPDU IRU DULWKPHWLF H[SUHVVL
. 7
7
7 )
)

(
LG

$QG DQ LQSXW H[SUHVVLRQ WR EH SDUVHG 3LG LG LG"

7TKH ERWWRP XS SDUVLQJ SURFHVV IRU WKLV H[SUHVVLRQ
VRPHWKLQJ OLNH WKLV

, QLWLDO 6WDWH
6WDFN HPSW\
,QSXW LG LG LG VLIQLILHVY WKH HQG RI WKH L

6KLIW LG
6WDFN LG
, QS XW LG LG

SHGXFH E\ UXOH ) : LG
6WDFN )



,QSXW LG LG
5HGXFH E\ UXOH

6WDFN 7

L QSXW LG LG
5HGXFH E\ UXOH

BWDFN

,QSXW LG LG
6KLIW

BWDFN

,QSXW LG LG
BKLIW LG

6WDFN ( LG

,QSXW LG
5HGXFH E\ UXOH

BWDFN ( )

L QSXW LG
5HGXFH E\ UXOH

6WDFN ( 7

,QSXW LG
6KLIW

6WDFN ( 7

,QSXW LG
6BKLIW LG

BWDFN ( 7 LG

L QSXW
5HGXFH E\ UXOH

BWDFN ( 7 )

,QSXW
5HGXFH E\ UXOH

6WDFN ( 7

, QS XW

7

( :

)

7 :

LG

LG



SHGXFH E\ UXOH (: ( 7
BWDFN
,QSXW

$W WKLV SRLQW WKH HQWLUH LQSXW KDV EHHQ UHGXFH
( LQGLFDWLQJ WKDW WKH LQSXWRRVUGBLQI LYV VIQWDFWLI
WR WKH JLYHQ JUDPPDU 7KH SDUVHU KDV FRQVWUXFWHOC
WKH LQSXW H[SUHVVLRQ IURP ERWWRP WR WRS FRQILU
EDVHG RQ WKH JUDPPDU UXOHYV

2SHUDWRU 3UHFHGHQFH 3DUVLQJ

2SHUDWRU SUHFHGHQFH SDUVHU LV NLQGV RI VKLIW UHG
7TKXV 2SHUDWRU 3UHFHGHQFH 3DUVLQJ LV D ERWWRP XS
XVHG WR SDUVH WKH LQSXW ZKHUH RSHUDWRUYVY KDYH GL
8QOLNH RWKHU SDUVLQJ PHWKRGV LW GRHVQITW UHTX
, QVWHDG LW UHOLHV RQ D SUHFH®YYFH WDEOH WR PDN
7KH WDEOH GHILQHV WKH SUHFHGHQFH DQG DVVRFLDWLI
DOORZLQJ WKH SDUVHU WR GHFLGH ZKHQ WR VKLIW UHI
ZKHQ WR UHGXFH FRPELQH WRNHQV LQWR H[SUHVVLRQ
RSHUDWRUV SUHFHGHQFH

7KH PDLQ LGHD EHKLQG 2SHUDWRU 3UHFHGHQFH 3DUVL(
LQIL[ H[SUHVVLRQV ZKHUH RSHUDWRUV KDYH GLIIHUH
SUHFHGHQFH DQG PD\ KDYH OHIW WR ULJKW OHIW DVVRF
OHIW ULJKW DVVRFLDWLYLW\ HYDOXDWLRQ RUGHU

x ([DPSOH
&RQVLGHU D VLPSOH H[SUHVVLRQ JUDPPDU WKDW LQFOXG
PXOWLSOLFDWLRQ DQG SDUHQWKHVHV WR DOWHU SU

D 2SHUDWRUYV
E 2SHUDQGV LG LGHQWLILHUV RU QXPEHUYV
F SBDUHQWKHVHYV



SBUHFHGHQFH DQG DVVRFLDWLYLW\ UXOHYV

D KDV KLJKHU SUHFHGHQFH WKDQ

E %RWK DQG DUH OHIW DVVRFLDWLYH

F 3IDUHQWKHVHYV DQG FDQ DOWHU WKH QI
/IHWYV SDUVH WKH H[SUHVVLRQ LG LG LG
J)LUVW FRQVWUXFW WKH SUHFHGHQFH WDEOH I

_ 2SHUDWRU _ OHVV SUHFHGHQFH _ HT>
JUHDWHU SUHFHGHQFH

LG

1RZ OHWYV SDUVH G/ KHGI[SLIHVVLRQ

,QLWLDGOVBWWWH WK DQ HPSW\ VWDFN DQG \
LQ IURQW RI \RX

6WHXLIW LG RQWR WKH VWDFN EHFDXVH
UHODWLRQ RQ DQ HPSW\ VWDFN

6WHSSRQ VHHLQJ FRPSDUH LW ZLWK L
$FFRUGLQJ WR WKH WDEOH LG ! VR VKLIW
6WHXLIW WKH QH[W LG EHFDXVH LG

6WHSRQ VHHLQJ FRPSDUH LW ZLWK L
6LQFH LG VKLIW ROQOWR WKH VWDFN

6WHBEBLIW WKH ODVW LG



S5HGXFWLRORBWHNBXfOO VWDUW UHGXFLQJ EDVHG RQ
SUHFHGHQFH 7KH WRS RI WKH VWDFN LV LG ZKLF
LQ SUHFHGHQFH WKDQ WKH RSHUDWRUYV DQG
LQGLFDWLQJ WKDW WKHVH WRNHQV FDQ EH FRPEL
WR WKH UXOHV RI SUHFHGHQFH LG LG JHWV FR
GXH WR KLIJKHU SUHFHGHQFH RI RYHU WKHQ
LV FRPELQHG ZLWK WKH OHDGLQJ LG YLD

7KH SURFHVV LQYROYHV ORRNLQJ DW WKH VWDFN DQG Wk
WKHQ GHFLGLQJ ZKHWKHU WR VKLIW SXW WKH V\PERO
UHGXFH DSSO\ D JUDPPDU UXOH WR UHGXFH WKH VWDFN"
QRQ WHUPLQDO EDVHG RQ WKH SUHFHGHQFH UHODWLRQ\

7KLY H[SODQDWLRQ VLPSOLILHV WKH DFWXDO SDUVLQJ \
FRQVWUXFWLRQ RI VIQWD[ WUHHV RU WKH GHWDLOHG KD
VFHQDULRYVY 2SHUDWRU SUHFHGHQFH SDUVLQJ UHTXLUHYV
WKH SUHFHGHQFH WDEOH DQG FOHDU UXOHV IRU KDQGOL
RSHUDQG WR HQVXUH FRUUHFW SDUVLQJ DQG HYDOXDWLF

,1752'8&7,21 72 /5 3%$56,1*
/5 SDUVLQJ ZKLFK VWDQGV IRU /HIW WR ULJKW 5LJKWP

SDUVLQJ LV D ERWWRP XS PHWKRG IRU DQDO\]LQJ WKH \
LOQSXW VWULQJ DJDLQVW D VHW RI SURGXFWLRQ UXOH)
JubpPDU ,W EXLOGVY D SDUVH WUHH IURP WKH OHDYHV
XS WR WKH URRW WKH VWDUW V\PERO 7KLY PHWKRG
HITLFLHQW DQG ZLGHO\ XVHG IRU SDUVLQJ SURJUDPPLQJ
LWV DELOLW\ WR SDUVH D YDVW FODVV RI JUDPPDUV
JUDPPDUV ZKLFK LQFOXGHV PRVW SURJUDPPLQJ ODQJXD.

,PSRUWDQFH RI /5 3DUVLQJ
/5 SDUVHUV KDYH VHYHUDO NH\ DGYIRWWDJHV WKDW PDNH
FRPSLOHU GHVLJQ DQG V\QWD[ DQDO\VLV LQ JHQHUDO



(IILFLH@RH\ FDQ SDUVH PDQ\ FRQVWUXFWYV
ODQJXDJHV LQ OLQHDU WLPH UHODWLYH WR Wt

3RZHW5 SDUVLQJ WHFKQLTXHV FDQ KDQGOH
JUDPPDUV LQFOXGLQJ WKRVH WKDWJDUH QRW
OLNH UHFXUVLYH GHVFHQW SDUVHUV ZLWKRXW

'HWHEWLQJ 6\QWD[ (3 SPWYWHDVOADQ GHWHEV
HUURUV DV VRRQ DV LW LV PDWKHIPDWIRFDOO\
ULJKW VEDQ RI WKH LQSXW

$XWRPDWLF 3DUVHORRIMHODWHRG&E& <HW $Q
&RPSLOHU &RPSLOHU DQG %LVRQ FDQ DXWR
SDUVHUV IURP D JUDPPDU VSHFLILEDWLRQ PLC
FRPSLOHUV DQG LQWHUSUHWHUV HDVLHU DQG

x ([DPSOH RI /5 3DUVLQJ

&RQVLGHU D VLPSOH JUDPPDU IRU DULWKPHWL
(:C 7 _7
77 ) _ )
) ( LG

KHUH ( LV DQ H[SUHVVLRQ 7 LVIDGWHUP )
UHSUHVHQWY LGHQWLILHUV OLNH YDULDEOH Q

7R SDUVH WKH LQSXW VWULQJ LG LG LG X\
SURFHHG DV IROORZYV
6KLIW WKH ILUVW LG RQWR WKH VWDFN
6LQFH LG PDWFKHV WKH ULJKW VLGH RI W
UHGXFH LW WR ) 7KH VWDFN QRZ FRQWDLQV
7KH ) FDQ EH IXUWKHU UHGXFHG WR 7 7
(:7 1RZ WKH VWDFN FRQWDLQV (
1H[W ZH VKLIW WKH DQG VWKW IROORZ
JLYLQJ XV D VWDFN RI ( LG



7KH LG LV UHGXFHG WR ) WKHQ 7 DQG VLQFH ZH ¢
RQ WKH VWDFN ZH FDQ UHGXFH LW WR ( XVLQJ WKH UXO

1RZ WKH VWDFN RQFH DJDLQ FRQWDLQV ( ,I WKLV :
LQSXW ZH ZRXOG EH GRQH DQG WKH LQSXW ZRXOG E
SDUVHG

7KLV SURFHVV LOOXVWUDWHY KRZ DQ /5 SDUVHU UHDGYV
VIPEROV RQWR D VWDFN DQG DSSOLHV UHGXFWLRQV L
JUDPPDUYV SURGXFWLRQ UXOHV 7KH SDUVHU FRQWLQXH!
WKH HQWLUH LQSXW LV FRQVXPHG DQG UHGXFHG WR V
LQGLFDWLQJ WKDW WKH LQSXW FRQIRUPV WR WKH JUDPPI

/5 SDUVLQJTY DELOLW\ WR HIILFLHQWID\ KDQGOH FRPSOH|
VI\VWHPDWLF DSSURDFK PDNHV LW D FRUQHUVWRQH RI |
GHVLIJQ DOORZLQJ IRU UREXVW HUURU UHVLVWDQW SI
DXWRPDWLFDOO\ JHQHUDWHG IURP D ODQJXDJHYV JUDPPL

/5 $8720%721

/5 DXWRPDWRQ LV D IRXQGDWLRQDO FRQFHSW LQ WKI
SDUVLQJ ZKLFK LV XVHG WR UHFRJQL]H ZKHWKHU D VWL
FHUWDLQ JUDPPDU ,W IRUPV WKH EDVLV IRU PRUH FRPS
VWUDWHJILHV OLNH 6/5 /$15 DQG /5 ZKLFK DUH ZL
LQ FRPSLOHU GHVLJQ IRU V\QWD[ DQDO\VLV $Q /5 D
FRQVWUXFWHG IURP WKH JUDPPDU RI D SURJUDPPLQJ OI
XVHG WR JHQHUDWH WKH SDUVLQJ WDEOH WKDW JXLGHV \

"RUNLQJ RI /5 $XWRPDWRQ
7KH /5 DXWRPDWRQ LV D VWDWH PIDMKVQH ZKHUH HDFK
D VHW RI LWHPV DQG HDFK LWHRPRQUWMKHHVHQWY D SRVV
SDUVLQJ SURFHVV RI D SURGXFWLRQ UXOH IURP WKH JUL



WKLV FRQWH[W LV D SURGXFWLRQ UXOH ZLWK
WKH UXOH KDV EHHQ VHHQ RU SDUVHG DW DQ

&RQVWUXFWLRQ RI /5 $XWRPDWRQ

6WDUW HIRQ ZLWK WKH VWDUW V\PERO
DXJPHQWHG ZLWK D QHZ VWDUW UXOH H J |
6 DQG D GRW DW WKH EHJLQQLQJ HJ 6
LQLWLDO VWDWH Rl WKH DXWRPDWRQ
&ORVXUH 29RUDMDIIRQVWDWH DSSO\ WKH FOF
LQFOXGH DOO LWHPV WKDW FRXOG SRWHQWLD
LWHPV LQ WKH VWDWH 7KLV PHDQV LI DQ LW
WHUPLQDO DGG QHZ LWHPV IRU HDFK SURGXF
ZLWK WKH GRW DW WKH EHJLQQLQJ
7UDQVLWLRQ 2BH IHDWKROWVDWH DQG HDFK JUL
WHUPLQDO RU QRQ WHUPLQDO FUHDWH D W
PRYLQJ WKH GRW SDVW WKDW V\PERO LQ DO
GLUHFWO\ EHIRUH WKH V\PERO 7KLV UHSUHVHI
WKDW V\PERO DQG PRYLQJ IRUZDUG LQ WKH LQ
SHSHB3WSO\ WKH FORVXUH DQG WUDQVLWLRQ
VWDWHY FDQ EH DGGHG

x ([DPSOH

*LYHQ D VLPSOH JUDPPDU
6 : %
$:D$ _E

7KH /5 LWHPV ZRXOG LQFOXGH

6 WKH DXJPHQWHG VWDUW UXOH
$

D$

E

@ H OO



JURP WKHVH LWHPV \RX ZRXOG FRQVWUXFW VWDWHV DQ
RQ ZKHUH WKH GRW FDQ PRYH JLYHQ WKH LQSXW V\PERO\
LQVWDQFH PRYLQJ WKH GRW RYHU WRLQ 6 : $ 2
D QHZ VWDWH ZLWK WKH LWHP 6 : BHHIQQGLFDWLQJ WKDW
IXOO\ SDUVHG DV H[SHFWHG E\ WKH UXOH IRU 6

,PSRUWDQFH RI1 /5 $XWRPDWRQ

7KH /5 DXWRPDWRQ LV LPSRUWDQW EHFDXVH
D ,W SURYLGHV D V\VWHPDWLF ZD\5SWR FRQVWUXFW SDUV
SDUVHUV ZKLFK FDQ WKHQ EH XVHG WR SDUVH ODQJXDJH
JUDPPDUV
E W KHOSV LQ XQGHUVWDQGLQJ KRZ SDUVHUV UHER.
FRQVWUXFWY DQG PDQDJH DPELJXLWLHYVY RU HUURUV LQ V

,W OD\V WKH JURXQGZRUN IRU XQGHUVWDQGLQJ PRULI
SbuvLQJ PHWKRGV WKDW GHDO ZLWK D EURDGHU UDQJF
LOWURGXFLQJ FRQFHSWY OLNH ORRNDKHDGY DQG PHUJL!
FRQIOLFWYV
+RZHYHU /5 SDUVHUV DUH OLPLWHG E\ WKHLU LQDEL
JUbPPDUV ZLWK FHUWDLQ NLQGV RI DPELJXLW\ RU
UHTXLUHPHQWY ZKLFK DUH RYHUFRPH E\ 6/5 /1$15 D C
SDUVHUV WKDW EXLOG RQ WKH FRQFHSW RI WKH /5 [
DGGLWLRQDO IHDWXUHYV

6/5 3$56,1* 7$%/(
6LPSOH /5 6/5 SDUVLQJ LV DQ HQKDQFHPHQW RI /5 SD
DLPV WR UHVROYH VRPH RI WKH OLPLWDWLRQV DVVRFL
SDUVHUV SDUWLFXODUO\ WKHLU HID¥ROQW\ WR KDQGOH
FRQIOLFWV 6/5 SDUVLQJ XVHV D SDUVLQJ WDEOH FRQV
/5 DXWRPDWRQ EXW ZLWK DQ DGGHG PHFKDQLVP IRU G
WR UHGXFH EDVHG RQ ORRNDKHDG WRNHQV 7KLV DGGI
LQIRUPDWLRQ DOORZV 6/5 SDUVHUV WR KDQGOH D ZL



JUDPPDUV E\ UHGXFLQJ WKH QXPEHU RI FRQIO!
DQG UHGXFH UHGXFH FRQIOLFWYV HQFRXQWHUL

&RPSRQHQWYV RI WKH 6/5 3DUVLQJ 7DEOH
$Q 6/5 SDUVLQJ WDEOH FRQVLVWY RI WZR PDLCQ

$FWLRQ 7BHBAOHJPLQHVY WKH SDUVHUYV DFWLI
DFFHSW RU HUURU EDVHG RQ WKH FXUUHQW
I[URP WKH LQSXW 7KH DFWLRQV DUH

6KLIWRYH WKH SDUVHU WR D QHZ VWDWH Vv
WRNHQ RQWR WKH VWDFN

5HGXRKBK¥BSO\ D JUDPPDU UXOH WR UHSODFH D

RQ WKH VWDFN ZLWK WKH

UXOHTV OHIW KDQG VLGH PRYLQJ

UHIOHFWYV WKLV UHGXFWLRQ

$FFHSWGLFDWH WKDW WKH LQSXW VWULQJ
SDUVHG

(VURWGLFDWH D V\QWD[ HUURU

*RWR 7B¥9E DIWHU UHGXFWLRQV WR GHWHUF
EDVHG RQ WKH QRQ WHUPLQDO WKDW KDV MXV
VWDFN E\ D UHGXFWLRQ

&RQVWUXFWLRQ RI WKH 6/5 3DUVLQJ 7DEO}

7R FRQVWUXFW DQ 6/5 SDUVLQJ WDEOH IROOR
&RQVWUXFW WKH /5 %HXWREDWRQVWUXFWL
/5 DXWRPDWRQ IRU WKH JLYHQ JUDPPDU DV
,GHQWLI\ JROBRZH®HFWVQRQ WHUPLQDO LQ W
FRPSXWH WKH IROORZ VHW ZKLFK LV WKH \
DSSHDU LPPHGLDWHO\ WR WKH ULJKW RI WK
VHQWHQWLDO IRUP RI WKH JUDPPDU 7KH VHC



FRPSOHWH VHQWHQFHYV LQ WKH ODHERXODGH DQG SDUWLDO
EH FRPSOHWHG LQWR IXO0O0 VHQWHQFHYV
)LOO LQ WKH $FWLRQ 7DEOH
JRU HDFK VWDWH LQ WKH /5 DXWRPDWRQ LI WKHUH
WHUPLQDO V\PERO DGG D VKLIW DFWLRQ WR WKH FRUUI
DFWLRQ WDEOH
, D VWDWH LQFOXGHY DQ LWHP L®GLFDWLQJ D FRPS(
DGG D UHGXFH DFWLRQ IRU WKDW UXOH LQ DO
WHUPLQDOV LQ WKH IROORZ VHW RI $ , I WKH LWHP LV
VWDUW UXOH LQGLFDWLQJ WKH HQWLUH LQSXW KDV E
DFFHSW DFWLRQ IRU WKH HQG RI LQSXW PDUNHU
J)LOO LQ WKH ) RIWRDHAXEOWDWH WKDW KDV D WUDQVLWLR
QRQ WHUPLQDO UHFRUG WKH UHVXOWLQJ VWDWH LQ WKH

x ([DPSOH
*LYHQ D JUDPPDU

/5
b
5

LG
.

g - T o0 o

LWKRXW GHOYLQJ LQWR WKH VSHFLILFV RI FRQVWUXFWL
DXWRPDWRQ DQG IROORZ VHWV WKH NH\ FRQFHSW KHUH
DQG JRWR WDEOHYV DUH ILOOHG EDVHG RQ WKH DXWRPD
JUDPPDUYV IROORZ VHWV )RU LQVWDQFH LI WKH IROORZ

DQRQG WKHUHYV D VWDWH LQ WKH DXWRPDWRQ ZLWK /
WKDW UXOH FDQ EH UHGXFHG WKHQ LQ WKH DFWLRQ \
XQGHU WKH FROXPQ EHFDXVH LV LQ WKH IROORZ V
ZRXOG DGG D UHGXFH E\ UXOH DFWLRQ

,PSRUWDQFH RI 6/5 3DUVLQJ

6/5 SDUVHUVY DUH PRUH SRZHUIXO WKDQ /5 SDUVHUV EH
KDQGOH D EURDGHU FODVV RI JUDPPDUV WKDQNV WR WKH



WR UHVROYH FRQIOLFWYVY 7KH\ VWULRH D EDOL
15 SDUVHUYVY DQG WKH SRZHU RI PRUH FRPSOF
DQG /5 PDNLQJ WKHP VXLWDEOH IRU PDQ\ S
+RZHYHU ©6/5 SDUVLQJ VWLOO KDV OLPLWDW
FRQIOLFWYV ZLWK FHUWDLQ JUDPPDUV OHDGLQ
PRUH VRSKLVWLFDWHG SDUVLQJ WHFKQLTXHYV

&+(&. <285 352*5(66

KDW LV ERWWRP XS SDUVLQJ"

$ $ SDUVLQJ WHFKQLTXH WKDW VWDUWYV IL
DQG ZRUNV LWV ZD\ GRZQ WR WKH OHDYHYV

% $ SDUVLQJ WHFKQLTXH WKDW WWDUWYV |
WUHH DQG ZRUNV LWV ZD\ XS WR WKH URRW

& $ SDUVLQJ WHFKQLTXH WKDW RQO\ XVHV
PHWKRGV

$ SDUVLQJ WHFKQLTXH WKDW GRHV QRW >

KLFK RI WKH IROORZLQJ LV D FRPPRQ ERWW|
$ 3UHGLFWLYH SDUVLQJ

% SHFXUVLYH GHVFHQW SDUVLQJ

& 6KLIW 5HGXFH SDUVLQJ

" 7TRS 'RZQ SDUVLQJ

,Q WKH FRQWH[W RI 6KLIW 5HGXFH SDUVLQ.
RSHUDWLRQ GR"

$ ,W UHSODFHV LWHPV RQ WKH VWDEN ZLW

% ,W PRYHV WRNHQV IURP WKH LQSXW EXII

& ,W GLVFDUGVY WRNHQV IURP WKH LQSXW :

W PHUJHV WZR DGMDFHQW QRQ WHUPLQD



KDW LV WKH SXUSRVH RI WKH UHGXFH RSHUDWLRQ |
SDUVLQJ"
$ 7R DGG PRUH WRNHQV WR WKH LQSXW EXIIHU
% 7R PRYH WRNHQV I URP WKH VWDFN EDFN WR WKH L
& 7R UHSODFH LWHPV RQ WKH VWDFN ZLWK WKH FRI
WHUPLQDO V\PERO IURP WKH OHIW KDQG VLGH RI WKH JUL
7R VKLIW WKH IRFXV RI SDUVLQJ IURP OHIW WR ULJK

%DVHG RQ WKH H[DPSOH JLYHQ ZKLFK UXOH LV DSSO
SDUVLQJ SURFHVV RI WKH LQSXW LG LG LG "

$ (:( 7
% (: 7
& 7 :7 )
') LG

KLFK RI WKH IROORZLQJ VWDWHPHQWV EHVW GHVFULEL}
WKH VWDFEN ZKHQ WKH LQSXW LG LG LG LV VXFFHVVIX
$ 7KH VWDFN FRQWDLQV PXOWLSOH LQVWDQFHV RI W
WHUPLQDOV PL[HG WRJHWKHU
% 7KH VWDFN LV HPSW\ EHFDXVH DOO V\PEROV KDYH I
& 7KH VWDFN FRQWDLQV MXVW WKH VWDUW V\PERO RI
" 7TKH VWDFN FRQWDLQY DOO WKH LQSXW WRNHQV LQ

+RZ GRHV ERWWRP XS SDUVLQJ FRQILUP WKH VI\QWDFW.L

LOQSXW DFFRUGLQJ WR D JLYHQ JUDPPDU"

$ %\ PDWFKLQJ LQSXW WRNHQV ZLWK JUDPPDU UXOF
ULJKW

% %\ DSSO\LQJ JUDPPDU UXOHV LQ UHYHUVH WR UHFF
IURP WKH VWDUW V\PERO

& %\ SUHGLFWLQJ ZKLFK JUDPPDU UXOH WR DSSO\ (C
ORRNDKHDG WRNHQV



" %\ HOLPLQDWLQJ WRNHQV WKDW GR QRW

KDW LV WKH PDLQ SXUSRVH RI 2SHUDWRU 3L
$ 7R HYDOXDWH DULWKPHWLF H[SUHVVL
SUHFHGHQFH DQG DVVRFLDWLYLW\
% 7R GLUHFWO\ HIHFXWH DULWKPHWLF RSH
& 7R SDUVH SURJUDPPLQJ ODQJXDJHV HQV
VWUXFWXUHYV
" 7R HOLPLQDWH WKH QHHG IRU D JUDPPDU

'KLFK RI WKH IROORZLQJ LV WUXH DERXW
3DUVLQJ"
$ ,W GRHV QRW UHTXLUH D SUHFHGHQFH W
% ,W RQO\ DSSOLHV WR OHIW DVVRFLDWLY!
& ,W XVHV D SUHFHGHQFH WDEOH WR U!
RSHUDWRUYV
' W WUHDWV DOO RSHUDWRUYV DV KDYLQJ |

,Q 2SHUDWRU 3UHFHGHQFH 3DUVLQJ ZKDW
LPSO\"

$ ,PPHGLDWH H[HFXWLRQ Rl DQ RSHUDW
SUHFHGHQFH

% 5HDGLQJ PRUH LQSXW WR GHFLGH WKH ¢
SUHFHGHQFH WDEOH

& S5HGXFWLRQ RI WKH FXUUHQW LQSXW ZlI
WRNHQV

' ,JQRULQJ RSHUDWRU SUHFHGHQFH DQG D

:KDW UROH GRHV WKH SUHFHGHQFH WDE
SUHFHGHQFH 3DUVLQJ"
$ ,W VSHFLILHV WKH V\QWD[ RI WKH SURJUI



% ,W GHWHUPLQHV WKH RUGHU RI RSHUDWLRQV EDVH
DQG DVVRFLDWLYLW\ RI RSHUDWRUYV

& W HOLPLQDWHYV WKH QHHG IRU RSHUDWRUYV LQ H[SLU

, W SURYLGHV D ZD\ WR E\SDVV JUDPPDU UXOHV IRU |

+RZ GRHV 2SHUDWRU 3UHFHGHQFH 3DUVLQJ KDQGOH W
E F"

$ ,W JURXSV D E WRIHWKHULUYWW. @HFDXVH DGGLYV
WKH H[SUHVVLRQ

% ,W JURXSV E F WRIJHWKHU ILUVW EHFDXVH PXC
KLIKHU SUHFHGHQFH WKDQ DGGLWLRQ

& W WUHDWYVY DGGLWLRQ DQG PXOWLSOLFDWLRQ
SUHFHGHQFH

", W UHTXLUHYVY DGGLWLRQDO LQSXW IURP WKH XVHU
RI RSHUDWLRQV

$16:(56 72 &+(&. <285 352*5(66

% $ SDUVLQJ WHFKQLTXH WKDW VWDUWYV IURP WKH OHEL
DQG ZRUNV LWV ZD\ XS WR WKH URRW

& O6KLIW 5HGXFH SDUVLQJ

% ,W PRYHV WRNHQV IURP WKH LQSXW EXIIHU WR WKH

& 7R UHSODFH LWHPV RQ WKH VWDFN ZLWK WKH FRU
WHUPLQDO V\PERO IURP WKH OHIW KDQG VLGH RI WKH JUL

) 1 LG

& 7KH VWDFN FRQWDLQV MXVW WKH VWDUW V\PERO RI \

% %\ DSSO\LQJ JUDPPDU UXOHYV LQ UHYHUVH WR UHFR(
IURP WKH VWDUW V\PERO

$ 7R HYDOXDWH DULWKPHWLF H[SUHVVLRQV EDVHG
SUHFHGHQFH DQG DVVRFLDWLYLW\

& ,W XVHV D SUHFHGHQFH WDEOH WR UHVROYH FRC(
RSHUDWRUV



% S5HDGLQJ PRUH LQSXW WR GHFLGH WKH S
SUHFHGHQFH WDEOH

% ,W GHWHUPLQHY WKH RUGHU RI RSHUDWL
DQG DVVRFLDWLYLW\ RI RSHUDWRUYV

% ,W JURXSV E F WRIJHWKHU ILUVW EHF
KLIJIKHU SUHFHGHQFH WKDQ DGGLWLRQ

&$121,8&%$/ /5 3$56,1* 7$%/(

$ FDQRQLFDO /5 &/5 WDEOH LV D WRRO XVHC
LPSOHPHQW DQ /5 SDUVHU $Q /5 SDUVHU L
SDUVHU WKDW UHDGV LQSXW IURP OHIW WR Ul
GHULYDWLRQ LQ UHYHUVH ,W XVHV D GHWHL
KDQGOH SDUVLQJ GHFLVLRQV EDVHG RQ ORRNE

7KH FDQRQLFDO /5 WDEOH FRQVLVWYV RI WZR P/

$FWLRQ 7REWBWWHY WKH SDUVLQJ DFWLRC
DFFHSW RU HUURU WR EH WDNHQ

*RWR 7DPAMSHY WKH SDUVHU RQ VWDWH W
QRQ WHUPLQDO V\PEROV

&RQVWUXFWLRQ RI D &DQRQLFDO /5 7TDEOH
*UDPPRPHILQ ZLWK FRQWH[W IUHH JUDPPDU

6 : 6
6 : &&
&  F& G

$XIPHQWHG S$SGBEPPRUWXJIJPHQWHG VWDUW S|
: 6C

y“YWHP SRIQWUXFW WKH /5 LWHP VHWYV
WUDQVLWLRQV EHWZHHQ WKHP (DFK LWHP
IRUP C>% : . % D@C ZKHUH CfiC LQGLFDWHYV

WKH SURGXFWLRQ DQG CDC LV WKH ORRND



$FWLRQ DQG *R\WRHGD RQHWKH LWHP VHWYV DQG
WUDQVLWLRQV ILOO LQ WKH DFWLRQ DQG JRWR WDEO

x ([DPSOH
&RQVLGHU WKH JUDPPDU

6 : 6
6 : &&
& : F&
& G

6WHS $XIJPHQWHG *UDPPDU

R R O O
-
Qo

6WHS &RQVWUXFW /5 ,WHP 6HWYV

S WHP 6HW
16

C1&&

cIF& F G
tG F G

»

Ro Ro O

,WHP 6HW $IWHU VKLIW RQ C6C
6 : 6%

,WHP 6HW $IWHU VKLIW RQ C&C

6 : &1&
& : tF&
& 1 £G

,WHP 6HW $IWHU VKLIW RQ CFC
& : F1& F G

& 1 ¥tF& F G
& 1 ¥G F G

,WHP 6HW $IWHU VKLIW RQ CGC



& : Gf F G
$GGLWLRQDO VHWV ZRXOG EH FRQVWUXFWHG |
6WHS &RQVWUXFW $FWLRQ DQG *RWR 7DEO
7KH DFWLRQ WDEOH LQGLFDWHYV ZKHWKHU WR
RQ WKH FXUUHQW VWDWH DQG LQSXW V\PERO
WUDQVLWLRQV EDVHG RQ QRQ WHUPLQDO V\PE

$FWLRQ 7DEOH

_6WDWH _ F _ G _ _
_ _6 _6 _ _
_ _ _ _ $FF _
_ _6 _6 _ _
— _6 _6 _ —_

5 5 5

*RWR 7DEOH
_ 6WDWH _ 6 &

,Q WKH DFWLRQ WDEOH
C6C LQGLFDWHYV VKLIW IROORZHG E\ WKH VWD
C5C LQGLFDWHY UHGXFWLRQ IROORZHG E\ WK
C$FFC LQGLFDWHY DFFHSWDQFH

,Q WKH JRWR WDEOH
(QWULHYVY LQGLFDWH WKH VWDWH WR WUDQVL\

x 3DUVLQJ ([DPSOH
7R SDUVH WKH LQSXW VWULQJ CFG C

, QLWLDO 6WDWH 6WDWH CFG C



6KLIW CFC 6WDWH CFG C : 6KLIW WR 6WDWH

6KLIW CGC 6WDWH CG C : 6KLIW WR 6WDWH DG
SHGXFH C& : GC 6WDWH CC : 5HGXFH WR 6WDW
6WDWH c C
6KLIW C&C 6WDWH CC : 6KLIWWR 6WDWH . 6W
SHGXFH C& : F&C 6WDWH CC : 5HGXFH WR 6W
6WDWH cC
6KLIW C&C 6WDWH CC : 6KLIWWR 6WDWH . 6W
$FFHSW 6WDWH c C

%\ IROORZLQJ WKHVH VWHSV WKH SGUVHU GHWHUPLQHV
VWULQJ DFFRUGLQJ WR WKH JUDPPDU

7KLY SURFHVV LOOXVWUDWHY KRZ WKIH FDQRQLFDO /5 WD
WKURXJK HDFK GHFLVLRQ WR FRQVWUXFW WKH SDUVH V
LQSXW VWULQJ

/$/5 3$56,1* 7$%/(
$ /RRN $KHDG /5 /$/5 WDEOH LV D W\SH RI SDUVLQJ WDE
/$/5 SDUVHUV ZKLFK DUH D VLPSOLILHG IRUP RI FDQRQLF
7KH /$/5 SDUVHU FRPELQHV VWDWHV ZLWK LGHQWLFDO |
LWHPV ZLWKRXW FRQVLGHULQJ ORRNDKHDG V\PEROV I
SDUVLQJ WDEOH PDNLQJ LW PRUHEHLHPRU\ HIILFLHQW Z|
SRZHUIXO HQRXJK WR SDUVH PDQ\ SUDFWLFDO SURJUDPP|

&RQVWUXFWLRQ RI DQ /$/5 7TDEOH

/IHW V FRQVLGHU D VLPSOH JUDPPDU

6WHS &RQVWUXFW /5 ,WHP 6HWYV



J)LUVW FUHDWH WKH /5 LWHP VHWV IRU WKH .
WKH VDPH DV IRU FRQVWUXFWLQJ D FDQRQLFD!

7 JWHP 6HW
6 6
6 1&&
& IF& F G
& IG F G
" SWHP 6HW $IWHU VKLIW RQ C6C
6 : 6%
7 JWHP 6HW $IWHU VKLIW RQ C&C
6  &1&
& : TF&
& 1 £G

7 JWHP 6HW $IWHU VKLIW RQ CFC
& : Fi& F G
& : TF& F G
& : 1G F G

? ,WHP 6HW $IWHU VKLIW RQ CGC

& 1 G F G

6WHS OHUJH /5 , WHP 6HWV ZLWK WKH 6DPH

&RPELQH LWHP VHWYV WKDW KDYH WKH VDPH FR
VI\PEROV

OHUJHG ,WHP 6HWYV
&RUH RI 6HW DQG
6HW el &F&
6HW "& : Ft& F G~



OHUJHG 76 : &%& =~ "& : Ft& F G~
6WHS &RQVWUXFW WKH /$/5 $FWLRQ DQG *RWR 7DEOHV
%DVHG RQ WKH PHUJHG LWHP VHWYV FRQVWUXFW WKH DF\

$FWLRQ 7DEOH

_6WDWH _ F _ G _ _
— _6 _6 _ —_
_ _ _ _$FF _
— _6 _6 _ —_
_ _6 _6 _ _
_ 5 _5 _5 _

5

*RWR 7DEOH
_ B6WDWH _ 6 _ &

x 3DUVLQJ ([DPSOH

7R SDUVH WKH LQSXW VWULQJ CFG C

,QLWLDO 6WDWH 6WDWH CFG C

6KLIW CFC 6WDWH CFG C : 6KLIW WR 6WDWH
CG C

6KLIW CGC 6WDWH CG C : 6KLIW WR 6WDWH

SHGXFH C& : GC 6WDWH CC : 5HGXFH WR 6WL

6WDWH cC

6KLIW C&C 6WDWH CC : 6KLIWWR 6WDWH

SHGXFH C& : F&C 6WDWH CC : 5HGXFH WR 6W
6WDWH CcCC

6KLIW C&C 6WDWH CC : 6KLIWWR 6WDWH

$FFHSW 6WDWH CcC



%\ IROORZLQJ WKHVH VWHSV WKH SGUVHU GH
VWULQJ DFFRUGLQJ WR WKH JUDPPDU

$GYDQWDJHV RI /$/5 3DUVHUYV

(II/LFLH®/A SDUVHUV DUH PRUH PHPRU\ HI
FDQRQLFDO /5 SDUVHUV EHFDXVH WKH\ F
LGHQWLFDO FRUHYV

SUDFWLFBOBLWDUVHUVY DUH XVHG LQ PD!
JHQHUDWRUYVY OLNH <DFF DQG %LVRQ G
EHWZHHQ SRZHU DQG HIILFLHQF\

&RPSDULVRQ ZLWK /5 3DUVHUYV
6WDWH &RMQBDUVHUV KDYH IHZHU VWDWH
SDUVHUV EHFDXVH WKH\ PHUJH VWDWHV ZL
IRRNDKPBER&VK XVH ORRNDKHDG V\PEROV W
GHFLVLRQV EXW /$/5 SDUVHUV KDYH VLPS
VWDWH PHUJLQJ

/$/5 WDEOHV WKXV SURYLGH D SUDFWLFDO D
VI\QWD[ DQDO\VLY LQ FRPSLOHUV PDNLQJ WKH
ZRUOG DSSOLFDWLRQV

(5525 '(7(&7,21 $1' 5(&29(5<
(UURU GHWHFWLRQ DQG UHFRYHU\ DUH FUXFL
HVSHFLDOO\ LQ FRPSLOHUV WR HQV)XUH WKDW
H[HFXWHG HYHQ LI WKH\ FRQWDLQ V\QWD[ HUU
HUURU GHWHFWLRQ DQG UHFRYHU\ LQ WKH FR
ZLWK YDULRXV PHWKRGV DQG H[DPSOHV



(UURU '"HWHFWLRQ
(UURU GHWHFWLRQ LQYROYHV LGHQ®SXWQJ VIQWDFWLFD(
VWULQJ WKDW GR QRW FRQIRUP WR WKH JUDPPDU UXOHYV
HUURUV DUH W\SLFDOO\ GHWHFWHG GXULQJ WKH SDUVL
YDOLG DFWLRQ LV GHILQHG IRU D JLYHQ VWDWH DQC
FRPELQDWLRQ

(UURU 5HFRYHU\
2QFH DQ HUURU LV GHWHFWHG HUURU UHFRYHU\ WHFK(
KDQGOH WKH HUURU DQG FRQWLQXH SDUVLQJ 7KLV KH
PHDQLQJIXO HUURU PHVVDJHV DQG DOORZV WKH SDUVH
UHPDLQLQJ LQSXW ZKLFK LV SDUWLFXODUO\ XVHIXO
GHYHORSPHQW HQYLURQPHQWYV

OHWKRGV RI (UURU 5HFRYHU\
3DQLF ORGH 5HFRYHU\
3KUDVH /HYHO 5HFRYHU\
(UURU BURGXFWLRQV
*OREDO &RUUHFWLRQ

S3DQLF ORGH 5HFRYHU\
7KLY PHWKRG LQYROYHV VNLSSLQJ LQSXW VI\PEROV XQWL
WRNHQ RIWHQ D VWDWHPHQW WHUPLQDWRU OLNH D VHP
JRDO LV WR VNLS SDVW WKH HUURU DQG UHVXPH SDUVLQ.

([DPSOGXSSRVH WKH JUDPPDU H[SHFWV DQ DVVLJQPHQW V

6 : LG (
(: LG _ QXP

,QSXMG QXP LG QXP

(UURU GHWHFMMHSDUVLQJ LG QXP WKH SDUVHU HQFRXQ
LQVWHDG Rl WKH H[SHFWHG C C

SHFRYHBANLS WRNHQV XQWLO D VHPLFRORQ LV IRXQG W
SDUVLQJ



S3DUVHU PLJKW VNLS CLG QXPC DQG VWDUW |L
LG QXP YDOLG VWDWHPHQW

SKUDVH /HYHO 5HFRYHU\
,Q WKLV PHWKRG WKH SDUVHU DWWKPSWV W

QXPEHU RI WRNHQV WR FRUUHFW WKH HUURU
LOQYROYHV ORFDO FRUUHFWLRQV DQG FDQ SUR
FDVHV

([DPSO&RQVLGHU WKH VDPH JUDPPDU

6 : LG (
(: LG _ QXP

, QS XOWL G LG QXP C

(UURU GHWKHAWIDAVHU H[SHFWV D VLQJOH WR
ILQGV CLG QXPC

SHFRYHQWHUW D VHPLFRORQ RU UHPRYH H[WU
LQSXW

&RUUHFWLRQ FRXOG EH
LG LG QXP

RU

LG QXP

(UURU B3URGXFWLRQV
7KLY PHWKRG LQYROYHV DGGLQJ VSHFLDO H

JUbPPDU :KHQ WKHVH SURGXFWLRQV DUH XVH
VSHFLILF HUURU PHVVDJHY DQG DWWHPSW WR

([DPSOHWHQG WKH JUDPPDU ZLWK DQ HUURU S|



6 : LG (
(: LG _ QXP _ HUURU

, QS XOWL G C
(UURU GHWHFWHQ@RW D YDOLG WRNHQ IRU C(C

5SHFRYHKH SDUVHU XVHV WKH CHUURUC SURGXFWLRQ RX
PHVVDJH DQG VNLSV WR WKH QH[W VWDWHPHQW

(UURWYDOLG WRNHQ C C
5HVXPLQJ SDUVLQJ

*OREDO &RUUHFWLRQ
7KLY PHWKRG DWWHPSWYVY WR PDNH WKH PLQLPDO QXPE
LOQOVHUWLRQVY GHOHWLRQV VXEVWLWXWLRQV WR WKH |
VIOWDFWLFDOO\ FRUUHFW WYV PRUH VRSKLVWLFDWHG
HISHQVLYH W\SLFDOO\ XVHG LQ DGYDQFHG GHYHORSPHQ\

([DPSOMRU WKH JUDPPDU

6 : LG (
(: LG _ QXP

,QSX®LG QXP LG QXP C

(UURU GHWHKHFWHGEXHQFH CLG QXP LG QXP C LV LQFRUU
GXH WR PLVVLQJ VHPLFRORQYV

SHFRYHWH SDUVHU VXJJHVWV WKH PLQLPDO FKDQJHYV

LG QXP LG QXP

6 XPPDU\
(UURU GHWHFWLRQ DQG UHFRYHU\ DUH HVVHQWLDO WR L

SDUVHUV FDQ XVH VHYHUDO VWUDWHJLHV



3DQLF ORGH 5HFRYHU\ 4XLENO\ VNLS WR D
3KUDVH /HYHO 5HFRYHU\ ODNH ORFDO FR
SDUVLQJ

(UURU 3URGXFWLRQV ([WHQG WKH JUDPPI
HUURUYV

*OREDO &RUUHFWLRQ ODNH PLQLPDO JORE!
LQSXW

TKHVH WHFKQLTXHV DOORZ SDUVHUV WR KL
SURYLGLQJ PHDQLQJIXO IHHGEDFN WR GHYHC
FROQWLQXDWLRQ RI WKH SDUVLQJ SURFHVV HY
HUURUYV

&+(&. <285 352*5(66

:KLFK SDUW RI WKH FDQRQLFDO /5 WDEOH GLF
EH WDNHQ"

$ *RWR 7DEOH

% $FWLRQ 7DEOH

& ,WHP 6HWYV

" 7TUDQVLWLRQ 7DEOH

:KDW GRHV WKH C5C V\PERO LQ WKH $FWLRQ
$ 6KLIW
% S5HGXFH
& $FFHSW
' (UURU

,Q WKH FRQWH[W RI /5 SDUVLQJ ZKDW GRHV \
UHSUHVHQWHG LQ DQ LWHP"

$ 7KH VWDUW RI D SURGXFWLRQ

% 7KH HQG RI D SURGXFWLRQ

& 7KH FXUUHQW SRVLWLRQ LQ WKH SURGXFWL]|
7KH ORRNDKHDG V\PERO

:KDW LV WKH SXUSRVH RI DGGLQJ DQ DXJPHQ
WKH JUDPPDU"™

$ 7R UHGXFH WKH FRPSOH[LW\ RI WKH JUDPPD!

% 7R VLPSOLI\ WKH SDUVLQJ WDEOH

& 7R FOHDUO\ GHILQH WKH VWDUW VWDWH IRU
7R UHPRYH DPELJXLWLHYVY LQ WKH JUDPPDU



&RQVLGHU WKH JUDPPDU C6 : &&C C& : F&C C& : GC K
WKH IROORZLQJ LV 127 D YDOLG LWHP VHW IRU WKLV JUI
$ C6 : 6 C
% C6 : &fé& C
& C& : G F GC
C& : F* C

,Q WKH FDQRQLFDO /5 SDUVLQJ WDEOH ZKDW GRHV WKI
LQGLFDWH"

$ B6KLIW

% S5HGXFH

& $FFHSW
(UURU

:KDW LV WKH ORRNDKHDG V\PERO XVHG IRU LQ DQ /5
$ 7R LQGLFDWH WKH FXUUHQW SRVLWLRQ LQ WKH SURGXI
% 7R GHWHUPLQH WKH QH[W DFWLRQ LQ WKH SDUVLQJ SU
& 7R PDUN WKH HQG RI D SURGXFWLRQ
" 7R GHILQH VWDWH WUDQVLWLRQV

,2WHP 6HW
6 : 16
6 : F&&
& ItF& F G
& : tG F G
*LYHQ WKH IROORZLQJ LWHP VHW ZKLFK WUDQVLWLRQ LV
$ 6KLIW RQ CFC
% 6KLIW RQ CGC
& 5HGXFH RQ C&C
$FFHSW RQ C C

KLFK RI WKH IROORZLQJ VWDWHY ZRXOG LQGLFDWH W
DFFHSWDQFH LQ DQ /5 SDUVHU"

$ 6WDWH

% 6WDWH

& 6WDWH

' 6WDWH

,Q WKH JRWR WDEOH ZKLFK V\PEROV DUH XVHG WR JXL
WUDQVLWLRQV"



$ 7HUPLQDO V\PEROV

% 1RQ WHUPLQDO V\PEROV

& %RWK WHUPLQDO DQG QRQ WHUPLQDO V\PER
' /JRRNDKHDG V\PEROV

"KDW GRHV /$/5 VWDQG IRU LQ WKH FRQWH[W
$ /RRN $KHDG /HIW WR 5LJKW
% /RRN $KHDG /5
& /RRN $KHDG 5LJKW WR /HIW
' /RRN $KHDG 5HFXUVLYH

'KDW LV WKH PDLQ DGYDQWDJH RI /$/5 SDUV
FDQRQLFDO /5 SDUVHUV"

$ 7KH\ DUH IDVWHU

% 7KH\ KDYH IHZHU VWDWHYV

& 7KH\ DUH HDVLHU WR LPSOHPHQW

' 7KH\ VXSSRUW PRUH FRPSOH[ JUDPPDUV

'KLFK SDUW RI WKH /$/5 SDUVLQJ WDEOH LV
WUDQVLWLRQV EDVHG RQ QRQ WHUPLQDO V\
$ $FWLRQ 7DEOH
% *RWR 7DEOH
& /RRNDKHDG 6\PEROV
' &RUH 7DEOH

,Q DQ /$/5 SDUVHU ZKDW GRHV WKH PHUJLQ.
GHSHQG RQ"

$ ,GHQWLFDO ORRNDKHDG V\PEROV

% ,GHQWLFDO FRUH LWHPV

& ,GHQWLFDO DFWLRQ HQWULHV

' ' GHQWLFDO JRWR HQWULHYV

&RQVLGHU WKH JUDPPDU C6 : &&C C& : F&C
ZLOO EH WKH PHUJHG LWHP VHW IRU WKH FR
Cr& : Ft& C"

$ Cr"& : Ff& F'C

% C"& : F1& G C

& C"& : F¥& F G'C

' C"& : Ff& F G 'C



$
%
&

%

%
&

%
&

$
%
&

:KLFK SDUVHU JHQHUDWRU FRPPRQO\ XVHV /$/5 SDUVL(
GXH WR WKHLU EDODQFH EHWZHHQ SRZHU DQG HIILFLH

$17/5
<DFF

%LVRQ

%RWK % DQG &

,Q WKH FRQWH[W RI /$/5 SDUVHUV ZKDW GRHV WKH C$

WKH DFWLRQ WDEOH VLJQLI\"
$FFHSW WKH LQSXW VWULQJ
6KLIW WKH LQSXW V\PERO
5HGXFH WKH SURGXFWLRQ

7UDQVLWLRQ WR D QHZ VWDWH

:KDW LV WKH UHVXOW RI PHUJLQJ /5

FRUHYV

,QFUHDVHG SDUVLQJ VSHHG
6LPSOLILHG JUDPPDU UXOHYV
SHGXFHG QXPEHU RI VWDWHYV
(QKDQFHG ORRNDKHDG FDSDELOLW\

LWHP VHWYV ZLWl

,Q WKH JLYHQ H[DPSOH ZKLFK VWDWH LQ WKH /$/5 WD

UHGXFWLRQ E\ WKH SURGXFWLRQ C& :

6WDWH
6WDWH
6WDWH

6WDWH

GC"

KLFK SDUW RI WKH /$/5 WDEOH KHOSV WKH SDUVHU G
QH[W DFWLRQ WR WDNH EDVHG RQ WKH FXUUHQW VWDW

*RWR 7DEOH
$FWLRQ 7DEOH
&RUH 7DEOH
/IRRNDKHDG 7DEOH

$16:(56 72 &+(&. <285 352*5(66
% $FWLRQ 7DEOH
% S5HGXFH

& 7KH FXUUHQW SRVLWLRQ LQ WKH SURGXFWLRQ
& 7R FOHDUO\ GHILQH WKH VWDUW VWDWH IRU SDUVLAQ.

C& :

Fi

C



& $FFHSW

% 7R GHWHUPLQH WKH QH[W DFWLRQ LQ WKF
' $FFHSW RQ C C

% 6WDWH

% 1RQ WHUPLQDO V\PEROV

% /RRN $KHDG /5

% 7KH\ KDYH IHZHU VWDWHYV

% *RWR 7DEOH

% ,GHQWLFDO FRUH LWHPV

& C~& : Ff& F G'C

" %RWK % DQG &

$ $FFHSW WKH LQSXW VWULQJ
& S5HGXFHG QXPEHU RI VWDWHYV
& 6WDWH

% $FWLRQ 7DEOH

5()(51&(6 $1' 68**(67(' 5($',1*6
&RPSLOHUV 3ULQFLSOHV 7HFKQLTXHV DQ

$KR ORQLFD 6 /DP 5DYL 6HWKL DQG -HIIU
, QWURGXFWLRQ WR $XWRPDWD 7KHRU\ /D
&RPSXWDWLRQ E\ -RKQ ( +RSFURIW 5DMH
-HITUH\ ' 80O0OPDQ

3DUVLQJ 7THFKQLTXHV $ B3UDFWLFDO *XLG}
&HULHO - + -DFREV

$'',7,21%/ 5(6285&(6

"HEVLWHYV
" &RPSLOHU ([SORUHU
&RPSLOHU ([SORUHU
$Q LQWHUDFWLYH FRPSLOHU ZLWK UHDO W

JHQHUDWLRQ YLVXDOL]DWLRQ

7TRROV
"-)/$3
-)/$3  ,QWHUDFWLYH /HDUQLQJ 7RRO IRU $
JRUPDO /DQJXDJHV
$ WRRO WKDW KHOSV YLVXDOL]H GLIITHUHQ!
DXWRPDWD



81,7
<$&&

8QLW 6WUXFWXUH

,QWURGXFWLRQ
8QLW 2EMHFWLYHV

<$&& %DVLFV DQG :RUNIORZ
&RQFOXVLRQ

&KHEN <RXU 3URJUHVYV

$QVZHUV WR &KHFN <RXU 3URJUHVV
BKRUW $QVZHU 7\SH 4XHVWLRQV
/JRQJ $QVZHU 7\SH 4XHVWLRQV

SHIHUHQFHYV DQG 6XJJHVWHG S5HDGLQJV

,1752'8&7,21
<$&8& ZKLFK VWDQGV IRU <HW $QRWKHU &RPSLOHU &RP
SRZHUIXO WRRO XVHG IRU JHQHUDWLQJ SDUVHUV HVVHC
WKH FRPSLOHU FRQVWUXFWLRQ SURKEHVV ,W ZDV GHYHOR
RI WKH V E\ 6BWHSKHQ & -RKQVRQ IRU WKH 8QL[ RSHUL
$ SDUVHU LV UHVSRQVLEOH IRU FRQYHUWLQJ VRXUFH FR
WKDW WKH PDFKLQH FDQ XQGHUVWDQG DQG H[HFXWH <$
UHFRJQL]HG IRU JHQHUDWLQJ /$/5 SDUVHUV /RRN $KH
5LJKW SDUVHUV ZLWK WRNHQ RI ORRN DKHDG ZKLFK
ERWK PHPRU\ XVDJH DQG H[HFXWLRQ WLPH 7KHVH SDUV
XVHG LQ FRPSLOLQJ SURJUDPPLQJ ODQJXDJHV GXH WR W
VLPSOLFLW\ DQG SHUIRUPDQFH

81,7 2%-(&7,9(6

x $QDO\]H DQG FRQVWUXFW FRQWH[W IUHH JUDPPDUV I
VSHFLILFDWLRQV

sz 7



X 8QGHUVWDQG WKH IXQGDPHQWDO FRQFHSV
IREXVLQJ RQ OH[LFDO DQDO\VLV DQG V\QWD]

x /HDUQ KRZ WR XVH /H[ IRU OH[LFDO DQDO\V
SDUVLQJ WR EXLOG D EDVLF FRPSLOHU

X ([SORUH WKH SURFHVV RI GHILQLQJ JUDPP
SDWWHUQV IRU GLITHUHQW W\SHV RI SURJUD

X '"HYHORS WKH DELOLW\ WR LQWHJIJUDWH /H]|
IXQFWLRQLQJ FRPSLOHU WKDW FDQ SURFHV)\

<$&& %$6,86 $1' :25.)/2:

<$&& RSHUDWHV E\ WDNLQJ D IRUPDO JUDPF
VSHFELILHV WKH V\QWD[ UXOHV RI D JLYHQ SUR
JUDPPDU UXOHV DUH W\SLFDOO\ ZULWWHQ LQ
QRWDWLRQ XVHG WR GHVFULEH WKH VWUXFWX
EH DVVRFLDWHG ZLWK VPDOO VQLSSHWV RI &
'KHQ <$&& SURFHVVHV WKH JUDPPDU LW JHQH
VHUYHV DV WKH SDUVHU 7KLV SDUWHW UHDGYV
LW EDVHG RQ WKH JUDPPDU IDFLOLBWM®PWLQJ W
LQWHUQDO UHSUHVHQWDWLRQ 7KH SDUVHU D
JHQHUDWHG E\ D WRRO OLNH /H[ IRU WKH Q
SDUVLQJ EDVHG RQ WKDW WRNHQ :KHQ D JUEL
<$&& SHUIRUPV D UHGXFWLRQ PHDQLQJ LW L
WRNHQV ZLWK WKH FRUUHVSRQGLQJ QRQWHUP
DWWDFKHG WR WKDW UXOH

%HIRUH GLVFXVVLQJ KRZ D <$%$&& DQG D /(; SUF
GLVFXVV D &RQWH[W )UHH *UDPPDU &)* IRU DI
&RQWH[W )UHH *UDPPDU IRU DULWKPHWLF H]
SURGXFWLRQ UXOHV WKDW GHVFULEH WKH
H[ISUHVVLRQV ,Q WKLV FDVH WKH &)* ZLOO E



HISUHVVLRQV LQYROYLQJ QXPEHUV DGGLWLRQ VXEWUDF
GLYLVLRQ DQG SDUHQWKHVHYV %HORZ LV DQ H[DPSOH RI

THUPLQDIOWVH DUH WKH EDVLF VI\PEROV RU WRNHQV LQ W
VXFK DV QXPEHUV DQG DULWKPHWLF RSHUDWRUV A
," 180%(56 1/°

I1RQWHUPZRBPYWH DUH V\QWDFWLF FDWHJRULHV RU YDUL
UHSUHVHQW GLIITHUHQW W\SHV RI H[SUHVVLRQV ~H[S VW|

6WDUW 6\PKHROWDUWLQJ SRLQW RI WKH JUDPPDU +HUH
VWDUW V\PERO UHSUHVHQWLQJ D FRPSOHWH DULWKPHWL

SURGXFWLRKEKVOHWGHILQH KRZ HDFK QRQWHUPLQDO FD
HISDQGHG XVLQJ RWKHU WHUPLQDOV RU QRQWHUPLQDO

VWPW IH[S 1/

H[S 'H[S H[S _ H[S*H[S _ H[S H[S _ H[S HI[S
180% (5

H[S

8VLQJ WKH DERYH PHQWLRQHG &)* ZH FDQ SDUVH DQ
HISUHVVLRQ LQYROYLQJ QXPEHUV DGGLWLRQ VXEWUDFV
GLYLVLRQ DQG SDUHQWKHVHV 1RZ ZH FDQ LPSOHPHQ
JUDPPDU LQ <$&& WR SDUVH D JLYHQUVWULQJ 7R LPSOHP
LQ <$&& ZH DOVR QHHG D OH[LFDO BIQDO\]HU ZKLFK VKR
WRNHQV IRU WKH SDUVHU ,I ZH QRWLFH WKH &)* ZH FDQ
D JLYHQ VWULQJ H[SUHVVLRQ WKHPOH[LFDO DQDO\J]HU
VKRXOG DEOH WR UHWXUQ WKUHH WRNHQV 180%(5 ,' D
UHSUHVHQW QXPEHU LGHQWLILHU DQG QHZ OLQHV UHVSH

7R XQGHUVWDQG WKH ZRUNLQJ RI /(; DQG <$&& OHW XV |
IROORZLQJ /(; DQG <$&& SURJUDP

WRNHQ 180%(5 ,' 1/
OHIW p T p i
OHIW W T u T

o7



VWPW H[S 1/~ SULQWI 39DOLG ([SUHVVLRQ

H[S H[S p f H[S
_ H[S p p H[S
_ H[S p T H[S
H[S u T H[S
_HIUH[SLIﬂ

~ 180%(5

LQW \\HUURU FKDU PVJ
N

SULQWI 3,QYDOLG ([SUHVVLRQ?Q"
H[LW

PDLQ
N

SULQWI 3(QWHU WKH H[SUHVVLRQ?7Q"
\WSDUVH

)LJ $ VDPSOH <$&& SURJUDP WR KHFN W
VLPSOH H[SUHVVLRQ

N

LQFOXGH 3\ WDE K~

> @ AUHWXUQ 180% (5

>D |$ =@>D ]$ = B@ ~ UHWXUQ ,°
2QAUHWXUQ 1/ °

AUHWXUQ \\WH[W> @

)LJ 7KH /(; SURJUDP WR WR JHQHUDWH V
<$&& SURJUDP

,Q WKH DERYH H[DPSOHV WKH /(; SURGUDP LV \

WKH <$&& SURJUDP LV WKH VI\QWD[ DQDO\]JHU
1RZ OHW XV GLVFXVV KRZ WKHVH WZR SURJUDF

ioo



(yyparse) source

- gaams
A 4

y.tab.h bas.exe

bas.| lex lex.yy.c
(yylex)

A\ J

compiled output

J)LIXUH +RZ D <$&& SURJUDP ZRUNV ZLWK D /(; SURJUL

$V PHQWLRQ LQ )LJIJXUH OHW XVEDPIPH WKH <$$& SURJU
DQG WKH /(; SURJUDP DV EDV O <$&& SURFHVVHV WKH
GHVFULSWLRQV SURYLGHG LQ EDV \ DQG JHQHUDWHV D
SDUVHU $ <$&& SURJUDP KDV WKUHH VHFWLRQV (DFl
VHSDUDWHG E\ VIPERO $V VKRZQ LQ )LJ WKH GH
VHEWLRQ /LQH QXPEHU DQG GHFODUHV GLIIHUHQW
WKHVH GHFODUDWLRQV WKH \ WDE K ILOH LV FUHDWHG
<$&& ZLOO VROYH UHSHWLWLRQ RI RSHUDWRUV LQ FDVH
VSHFLILHV WKH DVVRFLDWLYLW\ RI DQ RSHUDWRU 7KH
RSHUDWLRQ GHWHUPLQHV ZKLFK RI WZR RSHUDWLRQV
SUHFHGHQFH OHYHO LV FDUULHG RXW ILUVW 7KH VHFRQGC
SURJUDP FRQWDLQV WKH JUDPPDU GHVFULSWLRQ ,Q WI
SURJUDP IURP OLQH QXPEHU W R FRQWDLQV WKH
UHSUHVHQWDWLRQ 7KH WKLUG VHFWLRQ RI D <$&& SURJ
VHEWLRQ

7KH GHIDXOW QDPH RI WKH SDUVHU LV \ WDE F ZKLFK L
$VVKRZQ LQ )LIJXUH LW ZLOO DOVR JHQHUDWH D KHDGH
ZKLFK FRQWDLQV GHILQLWLRQV IRU WRNHQV GHFODUHG

FDVH WRNHQV DUH 180%(5 ,' DQG 1/ OLQH QXPEHU R1 )
I(; LQFOXGHVY WKH \ WDE K ILOH UHDGV WKH SDWWHUQ
QXPEHU DQG LQ )LJ IURP EDV O DQG JHQHUDW

DQDO\]HU ZKLFK FRQWDLQV WKH \WOH[ IXQFWLRQ DQG V\
& VRXUFH ILOH OH[ \\ F



$IWHUZDUG ERWK WKH OH[LFDO DQDO\VHU DC
OLQNHG WR SURGXFH WKH H[HFXWDEOH ILO}
IXQFWLRQ \WSDUVH LV LQYRNHG WR UXQ WKF
LQ \ WDE F 'XULQJ WKLV SURFHVV\OM$DUVH D
WR UHWULHYH HDFK WRNHQ 7DEOH VKRZ
H[HFXWH D SDUVHU DQG D OH[LFDO DQDO\VHU .

6WHSV &RPPDQG $FWLRQ

6WHSDFF =G EDV \ FUHDWH \ WDE K DQG

6WHSOH[EDV O FUHDWH OH[ |\ F

6WHFF OH[ \\ F\ WOEPSL®R OLQN DQG FUHD
H[H H[HFXWDEOH ILOH

6WHS H[H H[HFXWH

7TDEOH 6WHSV WR H[HFXWH WKH SDUVH

&21&/86,21

,Q WKLV XQLW ZH H[SORUHG WKH IXQGDPHQWTEL
ZLWK D IRFXV RQ V\QWD[ DQDO\VLV XVLQJ <.
OHDUQHG KRZ WR GHILQH WRNHQV DQG JUDF
SDUVHU DQG LQWHJUDWH OH[LFDO DKG V\QWEC
WKLV DSSURDFK ZH REVHUYHG KRZ D FRPSLO
LQWR D VWUXFWXUHG IRUPDW WKDW D PDFKLQ
SURYLGHV HVVHQWLDO VNLOOV IRU GHYHORS
FRPSRQHQWY SUHSDULQJ XV IRU IXUWKHU H
DQDO\VLYV FRGH JHQHUDWLRQ DQG RSWLPL]DV

&+(&. <285 352*5(66

:KDW GRHV <$&& VWDQG IRU"

$ <HW $QRWKHU &RPSLOHU &RPSLOHU

% <RX $0ZD\V &RGH &DUHIXOO\

& <RXU $O0JRULWKP &RGH &RPSLOHU
<LHOG $QG &RPSXWH &RGH

ioo



:KDW LV WKH SULPDU\ IXQFWLRQ RI <$&& LQ FRP

FRQVWUXFWLRQ"

$ 7R SHUIRUP OH[LFDO DQDO\VLV

% 7R JHQHUDWH PDFKLQH FRGH

& 7R FUHDWH SDUVHUV IURP JUDPPDU VSHFLILFDWLR
7R RSWLPL]H DVVHPEO\ FRGH

,Q <$&& ZKDW GRHV WKH \WSDUVH IXQFWLRQ GR"

$ ,W SHUIRUPV OH[LFDO DQDO\VLYV

% W LQLWLDOL]HV WKH FRPSLOHU

& , W RSWLPL]HV WKH FRGH JHQHUDWHG E\ WKH SDUV|
' , W SDUVHVY LQSXW DFFRUGLQJ WR WKH JUDPPDU GHI

:KDW W\SH RI SDUVHUV GRHV <$&& JHQHUDWH E\ GHIDX
$ /5 SDUVHUYV

% I SDUVHUYV

& /1$15 SDUVHUYV

' SHFXUVLYH GHVFHQW SDUVHUYV

'KDW RSWLRQ LV XVHG LQ <$&& WR JHQHUDWH D KHDC
WRNHQ GHILQLWLRQV"

$ O
% R
& G

' J

,Q <$&& KRZ DUH HUURUV KDQGOHG GXULQJ SDUVLQJ"
$ 8VLQJ WKH WIDLO IXQFWLRQ

% 8VLQJ WKH \W\HUURU IXQFWLRQ

& 8VLQJ WKH \WH[LW IXQFWLRQ

' 8VLQJ WKH WUHFRYHU IXQFWLRQ

'KLFK Rl WKH IROORZLQJ LV XVHG WR GHILQH JUDPPDU
ILOH"

$ 5HJXODU ([SUHVVLRQV

% &RQWH[W JUHH *UDPPDU &)*

& 3XVKGRZQ $XWRPDWRQ

' 1RQH Rl WKH DERYH

KLFK RI WKH IROORZLQJ ILOH H[WHQVLRQV LV W\SLFD
ZLWK <$&& JUDPPDU ILOHV"

$ OHJ
% O

& \
S =

ioo



,Q <$&& ZKDW DUH DFWLRQV DVVRFLDWHG
ZULWWHQ LQ"

$ & &RGH

% $VVHPEO\ FRGH

& -DYD FRGH

' 3\WKRQ FRGH

KLFK RI WKH IROORZLQJ IXQFWLRQV GRHV
WRNHQV IURP WKH OH[LFDO DQDO\]JHU"
$ \WSDUVH

% \\OHJ
& \HUURU
PDLQ

$16:(56 72 &+(&. <285 352*5(66

& ' & & % % & $ %

6+257 $16:(5 7<3( 48(67,216

'KDW LV <$&& DQG ZKDW GRHV LW VWDQG
'KDW W\SH RI SDUVHUV GRHV <$&& JHQHUD
([SODLQ WKH SXUSRVH RI D \\SDUVH IXQF\
'"HILQH WKH \W\OH[ IXQFWLRQ DQG LWV URO
([SODLQ WKH UROH RI WHUURU LQ <$&&

/21* $16:(5 7<3( 48(67,216

'HVFULEH WKH ZRUNIORZ RI D <$&& SURJUI
VSHFLILFDWLRQ WR JHQHUDWLQJ D SDUVHL
([SODLQ WKH VWUXFWXUH RI D <$&& LQSXW
VHEWLRQ LQ GHWDLO

‘KDW LV WKH GLIIHUHQFH EHWZHHQ VKLIW
<$&& JHQHUDWHG SDUVHU"

'LVEXVV WKH LQWHJUDWLRQ RI /H[ DQG <$¢
WKH\ ZRUN WRJHWKHU LQ D FRPSLOHU



'"HVFULEH D UHDO ZRUOG DSSOLFDWLRQ ZKHUH <$&&
HITHFWLYHO\ XWLOL]JHG DQG H[SODLQ zZK\

5()5(1&(6 $1' 68**(67(' 5($',1*6
'DV 9LQX 9 &RPSLOHU 'HVLJQ 8VLQJ )OH[ DQG <DF

-
-_—

-_—



8QLW
8QLW
8QLW
8QLW
8QLW
8QLW
8QLW
8QLW

%/2&. ,,

6\PERO 7DEOH ODQDJHPHQW
6\QWD[ 'LUHFWHG 7UDQVODWLRQ

, QWHUPHGLDWH &RGH *HQHUDWLRC
SHSUHVHQWLQJ ,QWHRBRRHIs BDWWHER G
7/DUJHW &RGH *HQHUDWRU
TUDQVIRUPDWLRQ RI %DVLF %ORFN
6WUDWHJLHYV RI &RGH 2SWLPL]DWL
THFKQLTXHV RI &RGH 2SWLPL]DWLR



81,7
6<0%2/ 7$%/( 0$1$*(0(17

8QLW 6WUXFWXUH

J QWURGXFWLRQ
8QLW 2EMHFWLYH
6\PERO 7DEOH
6\PERO 7DEOH 5HTXLUHPHQWYV
6\PERO 7DEOH 6WUXFWXUH
7\SH &KHFNLQJ
2YHUYLHZ RI 7\SH 6\WWHPV
'"HVLJQLQJ D 7\SH 6\VWHP
% OLQRU 7\SH &KHFNHU
6XPPLQJ 8S
$QVZHUV WR &KHFN <RXU 3URJUHVV
3RVVLEOH 4XHVWLRQV
5SHIHUHQFHYV DQG 6XJJHVWHG 5HDGLQJV

,1752'8&7,21

,Q SURJUDPPLQJ ODQJXDJHV LGHQWLILHUV SO
UHIHU WR QDPHV Rl WKH YDULDEOHV DUUD\V
HVVHQWLDO IRU D FRPSLOHU WR UHFRUG W
DWWULEXWHY RI DQ LGHQWLILHU XVHG LQ D
DWWULEXWHY SURYLGH LQIRUPDWLRQ DERXW
DOORFDWHG WR DQ LGHQWLILHU ,Q FDVH RI S
PD\ EH OLNH QXPEHU DQG W\SH RI LWV DUJXP
HDFK DUJXPHQW DQG WKH UHWXUQ W\SH R
LQIRUPDWLRQ LV HVVHQWLDO IRU WUDQVIRUPL
ODQJXDJH FRQVWUXFW LQWR D WDUYHW ODQJ
SKDVH RI WKH FRPSLOHU FROOHFWVY WKHVH LQ



ZLOO XVH WKHP WR JHQHUDWH WKHLWDOJHW FRGH 'XULQ
DQDO\WLV SKDVH OH[HPHV IRUPLQJ LGHQWLILHUV DUH IR
DV VIPERO WDEOH HQWU\ /DWHU SKDVHV RI WKH FRPSLC
PRUH LQIRUPDWLRQ DQG DGG WR WKH WDEOH VR WKDW
FRUUHVSRQGLQJ WR WKH VRXUFH FRGH FRXOG EH JHQHUL

81,7 2%-(&7,9(

$IWHU JRLQJ WKURXJK WKLV XQLW \RX ZLOO EH DEOH WR

X

'"HILQH W\SH FKHFNLQJ

8QGHUVWDQG WKH EDVLF IXQFWLRQDOLWLHV RI V\PEF
.QRZ WKH SUHUHTXLVLWH IHDWXUHV RI VI\PERO WDEO|
x '"HVFULEH WKH VWUXFWXUH RI D VIPERO WDEOH
([SODLQ DQ RYHUYLHZ RI WKH W\SH FKHFNLQJ V\VWHP
8QGHUVWDQG WKH % OLQRU W\SH FKHFNHU

x

x

X

X

6<0%2/ 7$%/(

,Q SURJUDPPLQJ ZH IUHTXHQWO\ SHUIRUP W\SH FKHFENLQ.
WKH QHHG RI LGHQWLI\LQJ WKH W\SH RI WKH LGHQWLIL
YDULDEOH FRXOG EH D ORFDO RQH JOREDO RQH RU SDUL
7KH SUREOHP RI LGHQWLI\LQJ WKH VFRSH RI D YDULDEOF
WHFKQLTXH FDOOHG QDPH UHVROXWLRQ W UHIHUV WR
VI\PERO WDEOH ZKLFK FRQWDLQV WKH DWWULEXWHYV RI HD

$ VIPERO WDEOH LV D ODUJH GDWD VWUXFWXUH ZKLFK
VIPERO QDPH RU OH[HPH 7KH OH[LFDO DQDO\]|HU ZRUNYV
VLPLODU WR SDWWHUQ UHFRJIQIWMRDYV ZHWWOLHYV WR LGH
DV WKHLU DVVRFLDWHG OH[HPHV MNXMWJIE\ VFDQQLQJ WKF
WKLV SKDVH WKH V\PERO WDEOH LVEHUHDWHG 7KH VDPF
GHFODUHG LQ GLIITHUHQW ORFDWLRQV RU SURFHGXUHYV
PXVW EH UHFRUGHG LQ WKH V\PERO WDEOH 7KLV FDQ EH



VHWWLQJ XS GLIIHUHQW V\PERO WDEOHV IRU
SRLQWHUV WR EORFNV ZLWKLQ D VLRJOH V\PE
UHSUHVHQW V\PERO WDEOH LV LQ VWOHHKPV RI D!
VWUXFWXUH UHSUHVHQWY D UHFRUG RI DQ LC
GHFODUDWLRQV RI FRQVWDQW PD\ EH IRXQG L

6\PERO 7DEOH 5HTXLUHPHQWYV

$ FRPSXWHU SURJUDP EDVLFDOO\ FRQVLVWV
GHFODUDWLRQV H[SUHVVLRQV DQG VWDWHPHC
VHSDUDWH ORJLFDO VHFWLRQV RI WKH LQS
VXEURXWLQH LV DOZD\V SUHIL[HG EVWHFODUD
7KHQ WKH ERG\ RI WKH VXEURXWLQH FRPHV
VWDWHPHQWY DQG H[SUHVVLRQV $QG ILQDOO
VXEURXWLQH

7KH V\PERO WDEOH LV OLNH D GDWDEDVH WK
VXEURXWLQH RU YDULDEOHYVY GHFODUHG LQ D
NH\ ILHOG JHQHUDOO\ WKH VXEURXWLQH RU
WKLV WKH VWUXFWXUH DOVR FROQWDMWXR/ ILHOC
HDFK V\PERO DV ZHOO DV V\PEROYV W\SH RU
YDOXH 7KH GHFODUDWLRQ SURFHVV HQWHUYV
DOVR LV GHOHWHG IURP WKH VDPHH2KKRQWVNKH
WKH REMHFW LV RXW RI VFRSH DQG LV QR ORC
WKH ORFDO YDULDEOHY GHFODUHG LQ & SURJI
DUH GHOHWHG RQFH WKH FRPSLOHU ILQLVKHYV

7KH V\PERO WDEOH FRPPXQLFDWHV ZLWK RWK
ZHOO $W WKH YHU\ EDVLF L\WQO@\WHW BKBY HZ L
VSHFLDOO\ ZKHQ W\SH GHILQLWLRQ DQG FR
HQFRXQWH\SHEGWHEDWHY D VIPERO WDEOH HQWU
OLNH RWKHU YDULDEOH QDPHV 7KH W\SH GH
VHWWLQJ D ELW LQ WKH VIPERO WDEOH HQWU\

Lald



WKDW D V\PERO WDEOH LV UHTXLUHG WR SRVVHVV I
FRPSLODWLRQ SURFHVV WR SURFHHG

D 6SHHGDEOH ORRN XS PXVW EH DV IDVW DV SRVVLEO}
EHFDXVH WKH V\PERO WDEOH LV DFFHVVHG HYHU\WLP]
UHIHUHQFHG 7KH HQWLUH WDEOH PXVW EH LQ PDLQ
FRPSLODWLRQ SURFHHGV 7KLV DSSURDFK KDV RQH P
RQ WKH PD[LPXP PHPRU\ DOORWWHG WR WKH V\PERO
LQSXW VL]H RI WKH SURJUDP LV OLPLWHG VR WKDW WK
DFFRPPRGDWH UHFRUGY FRUUHVSRQGLQJ WR HDFK LGF
ZLWKLQ WKH SURJUDP

E (DVH RI PDLQWHQBQFHEDVLF FULWHULD UHTXLUHG LQ
VIPERO WDEOH LV WKDW LW VKRXOG EH HDV\ WR F
IXQFWLRQV PXVW EH RUJDQL]JHG LQ VXFK D PDQQHU \
RWKHU WKDQ WKH FRPSLOHU ZULWHU VKRXOG EH DEO
SURJUDP

F JOH[LELOKW\ V\PERO WDEOH PXVW EH DEOH WR UHS!
YDULDEOHV RI DUELWUDU\ W\SH )RU H[DPSOH WKH &
ODQJXDJH GRHV QRW LPSRVH DQ\ OLPLWDWLRQV F
GHFODUDWLRQV ORUHRYHU WKH VI\PERO WDEOH PXVW
LH QHZ UHFRUGV PXVW EH LQVHUWHG HDVLO\ DV D
LGHQWLILHUV DUH HQFRXQWHUHG

G 6XSSRUW Rl UHGXQGRQWRWWWBURVUDPPLQJ
ODQJXDJHV WKHUH LV D SURYLVLRQ RI GHFODULQJ W
QDPH DW GLIIHUHQW SODFHV RI WKH SURJUDP 7KLV L\
WKH VDPH YDULDEOH QDPH KDV GLIIHUHQW VFRSHV ,Q
VDPH QDPH WKH\ DUH WUHDWHG DV GLIIHUHQW
&RUUHVSRQGLQJO\ WKH HQWULHV IRU HDFK Rl WKHVH
FRQVLGHUHG DV GLVWLQFW 7KHLU VFRSHV GHWHUPLQ|
DFWLYH DW RQH PRPHQW 7KLV LV WHUPHG DV VKDGRZI
YDULDEOH VKDGRZV WKH LQDFWLYH RQH



H (DVH RI GHEHW\RERO WDEOH PDQDJHU PXYV
HIILFLHQWO\ GHOHWH WKH ORFDO YDULDEOH
GHOHWLRQ PXVW WDNH SODFH LQ DQ DUELW
WR ORRN HDFK HOHPHQW VHSDUDWHO\

7KH VI\PERO WDEOH PXVW FRQVLVW RI WZR ED
LV WHUPHG DV WKH PDLQWHQDQFHKODMHU ,W
FUHDWLQJ GDWD VWUXFWXUHV IRU VSHFLILE
VWUXFWXUHYV LQWR WKH WDEOH DQG PDQDJL!
SHUIRUPV GHOHWLRQ RSHUDWLRQ LQ RUGHU W
7KH LQVHUWLRQ DQG GHOHWLRQ RSHUDWLR
HIHFXWLQJ ORZ OHYHO VXEURXWLQHUFDOO 7
ZKLFK KDQGOHV WKH DFWXDO WDEGBOPDLQWF
OHYHO OLNH LQVHUWLQJ QHZ HQW WHO/OLQ WK
DV GHOHWLQJ WKHP

6\PERO 7DEOH 6WUXFWXUH

$V VI\PERO WDEOH FRQWDLQV WKH LQIRUPDWI
YDULDEOH RU VXEURXWLQH GHFODUHG LQ D
UHSUHVHQWHG LQ D PDQQHU VLPLODU WR NH
WDEOH )RU WRDUXKBWXORMIH (DFK HQWU\ LQ Wi
UHSUHVHQWHG E\VWKKXFWW &KXRHERIOFWHDWHYV D
VWUXFWXUH IRU WKH VI\PERO RU YDULDEOH 7K
DV IROORZYV

VWUXFW VI\PERO W\SHGHI HQXP
N N

VIPEROBW NLQG

6<0%2/B/2&$%$/

VWUXFW W\SH W\SH
6<0%2/B3%5%0

FKDU QDPH

6<0%2/B*/2%$/

LQW ZKLFK " VI\PEROBW

6RXUFH ,QWURGXFWLRQ WR &RPSLOHUV DQG
3URI 'RXJODV 7KDLQ



7TKH NLQG ILHOG LQGLFDWHYV ZKHWKI

SDUDPHWHU WR D IXQFWLRQ 7KH W'

VWUXFWXUH LQGLFDWLQJ WKH W\SH

YDULDEOH LV LQGLFDWIZKLFK ILHOG LQGLFDWHYV WKH
RUGLQDO SRVLWLRQV RI W|

,W PD\ EH UHWDXXSYIRHBWWRXOWLSOH GHF
LGHQWLILHU GHFC/HW XV FRQVLGHU DQ H[DPSOH DQG VHF
KRZ V\PERO WDEOHYV

LQW [
YRLG SURF LQW P

AN

IORDW [ \

LQW D E

LQW IXQF LQW Q

AN

ERRO W

7KH SURJUDPXQHAWLRER ISURF DQG |
SDUDPHWHUV 7KH V\PERO WDEOH U

< var int Global Symbol Table
proc fun void
func fun int

Function proc()symbol lzﬂg Function func()symbol table
,//
m par int [ n [ par [ int |
x var float [ T | var [ bool |
v var float

)LJ 2UJDQL]DWLRQ |

$ VXLWDEOH V\PERO IRU HDFK YDULDEOH GHFODUDWLRQ
DQG HQWHUHG LQWF7/KHUHIRUH LQ RWKHU ZRUGV D
VI\PERO WDEOH FDWKH PDSSLQJ EHWZHHQ WKH YDULDEOHI



QDPH DQG LWV VI\PERO VWUXFWXUH ,W LV DOL
GHFODUDWLRQV ZLWK WKH VDPH YDULDEOH

SURJUDPPLQJ ODQJXDJHV %XW HDFK GHFODL
VFRSH 7KH VFRSHV PLJKW EH JOREDO VFRS
SDUDPHWHUY DQG ORFDO VFRSHVY DQG DOVR Q
GHILQLWLRQVY DUH RUJDQL]J]HG DV D VWDFN RI
DOORZV D YDULDEOH ZLWK PXOWLSOH VFRSH\
KDVK WDEOH WR WKHLU FRUUHVSRQGLQJ V\PEF
KDVK WDEOH HYHU\WLPH D QHZ VFRSH LV H
RSHUDWLRQ GHOHWHYVY WKH WDEOH RQFH LWV V

&+(&. <285 352*5(66

7KH SUREOHP RI LGHQWLI\LQJ W,
VROYHG E\ WKH WHFKQLTXH FDC(
$ VIPERO WDEOH FRQWDLQV BBBE
$ VIPERO WDEOH LV D GDWD VW

$ VLPSOH zZD\ WR UHSUHVHQW
RIBBBBBBBBB

KH VFRSH
OHG BBBE
BBBB RI B
UXFWXUH

VI\PERO W

,Q D VIPERO WDEOH HDFK VWUX
DQ LGHQWLILHU 6WDWH ZKHWKI
$ VIPERO WDEOH PXVW KDYH WK
$ FRPSXWHU SURJUDP EDVLFDO(
SDUWV BBB BBBB DQGBBBBBB

7KH VA\PERO WDEOH PXVW FRQVLU
BBBBBBBBOHYHO DQG BBBBBBB

FWXUH UFE
AU WUXH F
H DELOLW
D\ FRQVLYV

VW RI WZI
OHYHO

7<3( &+(&.,1*

$Q LPSRUWDQW FRPSRQHQW RI FRPSLODWLRC
PHDQLQJ RI D SURJUDP RU ZKDW WKH SURJUD
VHPDQWLF DQDO\VLYVY ZKHUH D WUHHQW FRQV)
JHQHUDWLRQ RI FRGHV 'XULQJ VHPDQWLF DQD
DPRXQW RI WLPH LV VSHQW LQ GRLQJ W\S



SURJUDPPLQJ ODQJXDJHV KDYH GLIITHUHQW DSSURDFKHYV
FKHENLQJ W LV SRVVLEOH WR PDNH HUURUV LQ D ODQ.
WA\SH FKHFNLQJ V\VWHP 7KLV LQ WSUQHDOORZV HUURU Gl
WLPH

%HIRUH JRLQJ LQWR W\SH FKHFENLQJ ZH PXVW GHWHUPL
HDFK LGHQWLILHU RI DQ H[SUHVVLRQ +HUH WKH UROH
FRPHV LQWR SOD\ $Q LGHQWLILHU RI DQ H[SUHVVLRQ PD
RU JOREDO YDULDEOH RU D IXQFWLRQ SDUDPHWHU 7k
LGHQWLILHUV FDQ EH IRXQG LQ V\PERO WDEOH DQG ZH |
ZKHQHYHU ZH QHHG WR FKHFN WKH FRUUHFEWQHVV RI FF
YDULDEOH LV DFFHVVHG ZLWK WKHLU FRUUHVSRQGLQJ W
SURFHVV LV WHUPHG DV QDPH UHVROXWLRQ 2QFH QTC
FRPSOHWHVY ZH DUH UHDG\ ZLWK DOO LQIRUPDWLRQ UHT>
FKHFNLQJ $V WKH FRUUHFWQHVV RI FRGHV LV YHULILHC
DQDO\VLV SKDVH WKH V\QWD[ WUHWHPXWW EH UHIHUHQFH
RYHU :H QRZ KDYH WKH W\SH LQIRUPDWLRQ RI HDFK LGH
FRPELQH WKHP LQ RUGHU WR FRPSXWH WKH W\SH LQIRUP
H[SUHVVLRQV 6RPH VWDQGDUG FRQYHUVLRQ UXOHV PXV
ILQGLQJ WKH W\SH LQIRUPDWLRQ ,I WKH H[SUHVVLRQV C
WKH VWDQGDUG UXOHV WKHUH LV D JUHDW FKDQFH RI RF

$SDUW IURP JDWKHULQJ W\SH LQIRUPDWLRQ VHPDQWL
LQYROYHV LQ FKHENLQJ RWKHU IRUPV Rl FRUUHFWQHVV R
LQYROYH FKHFENLQJ ZKHWKHU HDFK RSHUDWRU KDV FRUL
LQVWDQFH WKH ELQDU\ DULWKPHWLP RSHUDWRU EHWZHF
LV QRQ SHUPLVVLEOH ,Q WKDW FDVHW WKHUH LV D QHHC
LQWR UHDO 6LPLODUO\ WKH FRPSUGIIBO UHSRUWV DQ HU
QXPEHU UHIHUV WR DQ DUUD\ LQGH[ ([DPLQLQJ DUUD\ OL
WUDYHUVDO RU H[DPLQLQJ IORZ RI FRQWURO DOVR |
IXQFWLRQDOLWLHV RI VHPDQWLF DQDO\VLV SKDVH



2YHUYLHZ RI 7\SH 6\VWHPYV

ORVW SURJUDPPLQJ ODQJXDJHYVY DOORZ FRGHV
WKH VSHFLILFDWLRQ GHILQHG IRU WKH ODQJX
EH GHILQHG LQ WHUPV RI W\SHV 7KH W\SH
ZKHWKHU WKH YDULDEOH LV DQ LQWHJHU IOR
VWULQJ RU D SRLQWHU 7KH W\SH LQIRUPDW|
VWRUDJH VSDFH UHTXLUHG WR VWRUH D YDU
EORFNV IRUP WKH EDVLV RI FUHDWLQJ PRUH F
DV VWUXFWXUHY DQG HQXPHUDWLRQV

7TKHUH DUH VHYHUDO SXUSRVHV WKDIXWWVKH W\
SURYLGH

X &RUUHFWKIHWMSH LQIRUPDWLRQ RI D FRPSL
ILQG HUURUV DQG ZDUQLQJV RFFXUULQJ |
W\SH VI\VWHP DWWHPSWV WR UHSRUW HUL
UDWKHU WKDQ UXQ WLPH $V DOUHDG\ PHC
EH UHIHUHQFHG XVLQJ UHDO QXPEHUYV

x 3HUIRUPBRBHRUPDQFH LV DQ LPSRUWDQW |
W\SH VA\VWHP ,W DWWHPSWV WR ILQG WK
YDULDEOH DQG WULHV WR KDQGOH WKH F
LQVWDQFH LI WKH W\SH VIVWHP DLQGV WK
YDULDEOH LV D FRQVWDQW WKHQ LW FDQ
XVHG PXOWLSOH WLPHV UDWKHU WKDQ W]
HYHU\ WLPH LW LV UHTXLUHG 7@EV LQ WXL
RI WKH FRPSLOHU

X ([SUHVVLYSHOHURYUDPPLQJ ODQJXDJH LV FR
EH H[SUHVVLYH LI LW FDQ UHSUHVHQW D Y
HIWHQW $Q H[SUHVVLYH ODQJXDJH FDQ
SUREOHPV GHILQHG LQ D SDUWLFXODU GR
H[SUHVVLYH LI LW GRHV QRW WDNH LQWR
GXULQJ W\SH FKHFNLQJ )RU H[DPSOH L



ODQJXDJH WKH SULQWI IXQFWLRQ GRHV QRW UHT
ZKHWKHU LW VKRXOG SULQW DQ LQWHJHU IORDW E
$XWRPDWLFDOO\ LW SULQWV WKH YDOXH DIWHU LQ
LQIRUPDWLRQ IURP DQ H[SUHVVLRQ

'"HVLIJQLQJ D 7\SH 6\VWHP

7KH W\SH V\WWHP RI D SURJUDPPLQJ ODQJXDJH FRUULI
GHVFULELQJ LWV SULPLWLYH W\SHV FRPSRXQG W\SHV
DVVLJQLQJ W\SHV WR YDULDEOHV IHMWHEEB®O DV FRQYHUWL
W\SHV 7KH SULPLWLYH RU DWRPLF G/DWD W\SHV UHIHU W
DVVLIJQHG WR WKH YDULDEOHV 7KHWWY VLPSOH VWUXFWX
IORDWLQJ SRLQW QXPEHUV ERROHDQ DQG VR RQ $V PF
WKHVH SULPLWLYH GDWD W\SHV DOVR GHVFULEH WKH UDC
E\ WKHP

7KH SULPLWLYH GDWD W\SHV PD\ EH LPSOHPHQWHG WR
W\SHV WHUPHG DV XVHU GHILQHG GDWD W\SHV OLNH
HQXPHUDWLRQ DQG W\SHGHI LQ & + SURJUDPPLQJ ODQJXD

BWUXFWXUH LV WKH XVHU GHILQHG WRWD W\SH WKDW DO
SULPLWLYH GDWD W\SHV LQ RUGHU WR JHQHUDWH |
DJJUHJDWLRQV ,W JURXSV WRJHWKHU WKH DWRPLF GDW
XQLW 6XFK FRPSRVLWLRQV DUH XVHIXO IRU SUHVHQWLQ.
HQWLWLHY DV UHFRUGV Rl UHODWHG GDWD LWHPV (DF
VWUXFWXUH LV WHUPHG DV PHPEHU RI WKH VWUXFWXUH
GHILQHG XVLQJVWHHERMH\EZPPGOH OHW XV FRQVLGHU WKF
BWXGNQWXFWXUH ZKLFK UHSUHVHQWY WKH GDWD UHOD
HQWLW\

VWUBKWWGHQW
N
LQW UROOBQR
FKDU QDPH> @
FKDU FODVV> @



FKDU VHFWLRQ
VWUKWWGHQW 6

'H FDQ FUHDWH YDULDEOHV RI 6WXPGHQW VWU >
VWUXFW 6WKGH@EWHDWHY D YDULDEOH 6 RI V
ZKLFK SRVVHVVHV WKH VDPH GDWD PHPEHUV W
DUH DFFHVVHG E\ XVLQJ D GRW ¢ ° RSHUDWI
YDULDEOH DQG WKH PHPEHU )RU H[DPSOH 6 |
QR RI D VWXGHQW 7KH VWRUDJH VYMBEKH DOORE
E\DGGLQJ WKH PHPRU\ DOORWWHG WR HDFK Pl

‘H FDQ DOVR ZULWH D VWUXWWSHIMEHHE RBEGD UD W L
TKHUHIRUH WKH DERYH GHFODUDWLRQ FDQ DO

WIS HGMHU XFW 6WXGHQW

AN

LQW UROOBOQR

FKDU QDPH> @

FKDU FODVV> @

FKDU VHFWLRQ

6
8QLRQ LV VLPLODU WR D VWUXFWXRBH ,W DO
GLIIHUHQW GDWD W\SHV -XVW OLNH VWUXFW
VWUXEQLRQV DOVR EHJLQ XQWRGWWH WIKHNZR L
GLIIHUHQFH EHWZHHQ WKH WZR FDQ EH XQGH
DOORFDWLRQ RI VWRUDJH ,Q D XQLRQ RQO\ |
DFFHVVHG DW RQH WLPH (YHU\ WGPHLW QHZ
RYHUZULWHY WKH ROGHU RQHV 7KHUHIRUH W
RI VWUXFWXUH FDQ EH XVHG WR GHFODUH XVL¢

W\SHGHIRQ 6WXGHQW
N
LQW UROOBQR

FKDU QDPH> @
FKDU FODVV> @



FKDU VHFWLRQ

"6
$W RQH JLYHQ WLPH RQO\ RQH PHPEHU FDQ EH DFFHV
EHFDXVH WKH DPRXQW RI PHPRU\ DOORFDWHG WR D XQL
Rl KLIKHVW QXPEHU RI E\WHV UHTXLUHG WR VWRUH RQH

VWULQJ QDPH UHTXLUHV WKH KLIJKHVW QXPEHU RI VWRUD

TKHHQXRH\ZRUG LV XVHG WR FUHDWH DQ HQXPHUDWHG G
FUHDWHV RI QDPHG LQWHJUDO FRQVRVDQWYV W KHOSV W
QDPHVY VR WKDW WKH SURJUDP EHFRPHV HDVLHU WR X
PDLQWDLQ W LV DOZD\V GHFODUHG XVLQJ WKH NH\ZRU(
QRW DVVLIQ YDOXHV H[SOLFLWO\ WR WKH PHPEHUV RI H
DXWRPDWLFDOO\ DVVLIJQV YDOXHV WKRDW VWDUW ZLWK
FRQVLGHU WKH IROORZLQJ HQXPHUDWLRQ FRGH

HQXPZHHN ~6XQGD\ ORQGD\ 7XHVGD\ :HGQHVGD)
7KXUVGD\ )ULGD\ 6DWXUGD\
LQW PDLQ

AN

HQXP ZHHN WRGD\
WRGD\ 7KXUVGD\
SULQWI 'D\ G WRGD\

7KH RXWSXW RI WKLV FRGB\LW DWWHIWUIK) HEKH . WKIOG 6 XQG
YDOXH $XWRPDWLFDOO\ ™HDV®B\ VRARWEH KDYLQJ YDOX

& KDV D VSHFLWOSHNBGIRERKIG/SHFLILHY D QHZ W\SH RI
YDULDEOH W FUHDWHY DQ DOLDV 7/RKILYQ DOUHDG\ H[LVV
DOORZV PDNLQJ DVVLIQPHQWY EHWZHHQ W\SHV $SSOLF
KDV EHHQ VHHQ LQ WKH SUHYLRXV H[DPSOHV RI VWUXFYV
ZKHUH ZH FUHDWHG YDULDEOHV RI WKH VDPH

% 0,125 7<3( &+(&.(5

$ ODQIJXDJH SURFHVVRU GRHV VHPDQWLF DQDO\VLV E\ S
FKHENLQJ 7KLY HUURU FKHFNLQJ LV W\SLFDOO\ EDV
PLVPDWFKLQJ DV ZHOO DV PLVXVH RI UHVHUYHG NH\Z



VFDQQLQJ DQG SDUVLQJ LV RYHU DQ $EVWUL
FUHDWHG $67 LV WKHQ WUDYHUVHG LQ RUGH!
HUURUYV

% OLQRU LV D VWDWLF W\SH FKHFNMW LNVRU D V
VWULFW W\SH FKHFNHU ZKLFK WULHSHWR FKHI
HUURUYV 'KHQ WKH W\SH FKHFNHU FDQQRW

H[SUHVVLRQ DQG 'KHQ DQ H[SUHVVLRQYV W\
WKH W\SHV Rl WKH DVVLJQHG & DM DM ©@ VF LW
W\SH FKHFNHU 7KHVH SURSHUWLHVY KDYH HQ
GHWHFW D ODUJH QXPEHU RI W\SH HUURUV %

GDWD W\SHV LQWHJHU FKDU ERROHDQ VWUI
W\SHV DUUD\ DQG IXQFWLRQ DUH DOVR IROOR
VRPH W\SH UXOHV WKDW % OLQRU IROORZV

x 9DOXH VKRXOG EH DVVLIJIQHG WR YDU
W\SH 6LPLODUO\ IXQFWLRQ SDUDPHW
YDOXHV RI WKH VDPH W\SH

X 7TKH UHWXUQ W\SH RI D IXQFWLRQ PXV
UHWXUQ VWDWHPHQW

X :KLOH SHUIRUPLQJ ELQDU\ RSHUDWLF
PXVW EH RI VDPH W\SH

X 7TKH HTXDOLW\ RSHUDWRUYV DQG
ERROHDQ $SDUW IURP WKLV WKH\ PD
GDWD W\SH H[FHSW DUUD\ IXQFWLRQ F

x 7TKH FRPSDULVRQ RSHUDWRUYV !
UHWXUQ ERROHDQ %XW WKH\ PXVW EI

x 7TKH RSHUDWRUYV DQG _ _ RSHUDW
DOVR UHWXUQ ERROHDAQ

x 7TKH DULWKPHWLF RSHUDWRUYV
RSHUDWH RQ LQWHJHUY DQG UHWXUQ |

Lald



% OLQRU VXSSRUWYV VWDWLF W\SH FKHFNLQJ IXQFWLRQV
EDVLF FRQWURO IORZ

6WRS WR &RQVLGHU
$SEVWUDFW 6\QWD[ 7UHH $67 RU LPSO\ 6\QWD[ 7UHH L)\

RI LQWHUPHGLDWH FRGH JHQHUDMW
RI WKH VRXUFH FRGH 'XULQJ V\QW
,Q DQ DEVWUDFW V\QWD[ WUHH R
UHSUHVHQWY DQ RSHUDWRU DQG
RSHUDQGV RI WKH RSHUDWRU 6\(
WUHHV H[FHSW WKH IDFW WKDW
LQWHULRU QRGHV ZKLOH SDUVH W
VDPH QRGHV

LRQ ,W LV D KLHUDU
D[ DQDO\VLV $67 LV .
DQ H[SUHVVLRQ HDFK
LWV FKLOG QRGHV

PWD[ WUHHV DUH VLP

\QWD[ WUHHV FRQWD
UHHV FRQWDLQ QRQ

&+(&. <285 352*5(66

BBBBBBBBB FRQVXPHV D FRQVL
GXULQJ VHPDQWLF DQDO\VLV S
$ ODQJIJXDJH ZLWK ZHDNHU W\SH
WR PDNH BBBBBBBBBBBB

7KH BBBBBBBBBBBBB LQIRUPDW

YDULDEOH LV DQ LQWHJHU 10O
VWULQJ RU D SRLQWHU

7KH W\SH LQIRUPDWLRQ LV
BBBBBBBBBBBUHTXLUHG WR VW
BBBBBBBBBBBBBB LQFUHDVHV
FRPSLOHU
BBBBBBBBBBBBBBGDWD W\SHYV
YDOXHV RFFXSLHG E\ WKHP
BBBBBBBBBBBBBBBBLY D XVHU
DOORZV FRPELQLQJ WKH SUL
JHQHUDWHY PRUH FRPSOH[ DJJ
6WUXFWXUHYV DUH DOZD\V
NH\ZRUGBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBB LV D VW

GHUDEOH DPRXQW RI
KDVH
i FKHFENLQJ VA\VWHP L\

LRQ GHVFULEHV ZKHYV
RDWLQJ SRLQW QXPE}

DVVRFLDWHG ZLWK
RUH D YDULDEOH
WKH HIILFLHQF\ RI
GHVFULEH WKH UDC

GHILQHG GDWD W\S
PLWLYH GDWD W\SH
UHIJDWLRQV
GHILQHG

XVLQJ W

DWLF W\SH FKHFNHU




6800,1* 83

W LV YHU\ HVYVHQWLDO IRU D FRPSLOHU V
DERXW WKH DWWULEXWHVY RI WKH LGHQW
SURJUDP ,QIRUPDWLRQ RI VXFK NLQG

WUDQVIRUPLQJ D SURJUDP ZULWWHQ LQ VF
LQWR D WDUJHW ODQJXDJH HTXLYDOHQW

$ VIPERO WDEOH LV D ODUJH GDWD VWUXF
D VIPERO QDPH RU OH[HPH 7KH OH[LFDO
PDQQHU VLPLODU WR SDWWHUQ UHFRJQLW
LGHQWLILHUV RFFXULQJ LQ D FRGH

7KH VDPH LGHQWLILHU PD\ EH GHFODUHG L
SURFHGXUHV $00 WKHVH LQVWDQFHV PX
VIPERO WDEOH %\ VHWWLQJ XS GLIIHUHQV
EORFN RU E\ NHHSLQJ SRLQWHUV WR EO
VIPERO WDEOH WKHVH LQVWDQFHV DUH PD
$ VLPSOH ZD\ WR UHSUHVHQW V\PERO WDE
RI VWUXFWXUHV ZKHUH HDFK VWUXFWXUH
LGHQWLILHU 7\SH GHILQLWLRQV DUH IRXQ
7KH VIPERO WDEOH PXVW FRQVLVW RI WZR
OD\HU LV WHUPHG DV WKH PDLQWHQDQFH
IXQFWLRQV VXFK DV FUHDWLQJ GDWD V
VIPEROV LQVHUWLQJ VXFK VWUXFWXUHYV
PDQDJLQJ DV ZHOO DV WKH WDEOH 7KH L
DFWXDO WDEOH PDLQWHQDQFH WDVNV DV
LQVHUWLQJ QHZ HQWULHV LQ WKH/ WDEOH
GHOHWLQJ WKHP

$ VI\PERO WDEOH FDQ EH LPSOHPHQWHC
VWUXFWXUHYV

'XULQJ VHPDQWLF DQDO\VLV SKDVH D FR!
WLPH LV VSHQW LQ GRLQJ W\SH FKHFNLQJ
ODQJXDJHV KDYH GLIIHUHQW DSSURDFKHV
7KLV LQ WXUQ DOORZV HUURU GHWHFWLRQ
%HIRUH JRLQJ LQWR W\SH FKHFNLQJ ZH P>
RI HDFK LGHQWLILHU Rl DQ H[SUHVVLRQ (I
ZLWK WKHLU FRUUHVSRQGLQJ W\SH GHILQ
WHUPHG DV QDPH UHVROXWLRQ 2QFH QDP
WKH LQIRUPDWLRQ UHTXLUHG IRU GRLQJ W
$ SURJUDPPLQJ ODQJXDJH LV FRQVLGHUHG
FDQ UHSUHVHQW D YDULHW\ RI LGHDV W
H[SUHVVLYH ODQJXDJH FDQ H[SUHVV VR(



GHILQHG LQ D SDUWLFXODU GRPDLQ $ SLHFH RI FRG
LI LW GRHV QRW WDNH LQWR DFFRXQW WKH IDFWV Gl
FKHENLQJ

X % OLQRU LV D VWDWLF W\SH FKHFNHU IRU D VLPSOH

& ,W LV VWULFW W\SH FKHFNHU ZKLFK WULHV WR
QXPEHU RI W\SH HUURUV ,W VXSSRUWV VWDWLF W
IXQFWLRQV H[SUHVVLRQV DQG EDVLF FRQWURO IOF
FKHFEFNLQJ LV W\SLFDOO\ EDVHG RQ W\SH PLVPDWFKL
PLVXVH RI UHVHUYHG NH\ZRUGV

$16:(56 72 &+(&. <285 352*5(66

QDPH UHVROXWLRQ
DWWULEXWHY LGHQWLILHUV
VIPERO QDPH
DUUD\ RI VWUXFWXUHV

7UXH

6FDOH

GHFODUDWLRQV H[SUHVVLRQV VWDWHPHQWYV
ODLQWHQDQFH SK\VLFDO
7\SH FKHFNLQJ

HUURUYV

W\SH

VWRUDJH VSDFH
3HUIRUPDQFH

3ULPLWLYH

6WUXFWXUH

6WUXFW

GRW 3~

XQLRQ

HQXP

$EVWUDFW 6\QWD[ 7TUHH $67
% OLQRU

3266,%/( 48(67,216

X6KRUW DQVZHU W\SH TXHVWLRQV
K\LV LW QHFHVVDU\ WR VWRUH WKH UHFRUGV RI WKt
XVHG LQ D SURJUDP"



:KDW LV VIPERO WDEOH" '"HVFULEH

:KDW LV W\SH FKHFNLQJ" '"HVFULEH

:KDW GR \RX PHDQ E\ QDPH UHVROXWLRQ"

+RZ DUH WKH V\PERO WDEOH UHSUHVHQWH
:KDW DUH WKH WZR EDVLF OD\HUV RI D V\P
:KDW LV W\SH FKHFNLQJ" '"HVFULEH LQ EULI
:KDW DUH WKH IXQFWLRQV SHUIRUPHG E\ W
SKDVH"

:KDW GR \RX XQGHUVWDQG E\ HISUHVVLYHC
KDW LV % PLQRU W\SH FKHFENHU" ([SODLQ

:KDW DUH WKH WZR FODVVHV RI W\SH HUUR
FKHFENHU FDQ GHWHFW"

% /RQJ DQVZHU W\SH TXHVWLRQV
'KDW DUH WKH UHTXLUHPHQWY RI D JRRG V
FRQWDLQ"
'HVFULEH WKH VWUXFWXUH RI D VIPERO WELC
'HVFULEH WKH RUJDQL]DWLRQ RI D V\PERO
+RZ DUH WKH VHPDQWLF DQDO\VLV DQG W\
ZLWK HDFK RWKHU" '"HVFULEH
'KDW LV W\SH V\VWHP" *LYH DQ RYHUYLHZ
+RZ GRHV WKH SULPLWLYH GDWD W\SHV IR
GDWD W\SHV"
([SODLQ WKH % PLQRU W\SH FKHFNLQJ V\V\

5()(5(1&(6 $1' 68**(67(' 5($',1*6

X %HUJPDQQ 6 &RPSLOHU GHVLJQ W
H[DPSOHV

x 7KDLQ ' ,QWURGXFWLRQ WR FRPSLOHUV
GHVLOQOX FRP

X +ROXE $ , &RPSLOHU GHV$3Q ,LQ@, &
(QJOHZRRG &OLIIV 1- 3UHQWLFH +DOO

Xx KR $ 9 /DP 0 6 B6HWKL 5 8OOPDQ

&RPSLOHUV SULQFLSOHV WHFKQLTXHV DQG

Eald
-_—

—_—
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8QLW 6WUXFWXUH

 QWURGXFWLRQ
8QLW 2EMHFWLYHV
6\QWD[ 'LUHFWHG 'HILQLWLRQV
JRUPV Rl 6\QWD[ 'LUHFWHG 'HILQLWLRQ
6\QWKHVL]HG DQG ,QKHULWHG $WWULEXWHYV
6\QWD[ 'LUHFWHG 7UDQVODWLRQYV
'"HSHQGHQF\ *UDSK
6 SWWULEXWHG DQG / SWWULEXWHG 'HILQLWLRQV
 QWHUPHGLDWH &RGHYV
$EVWDFW 6\QWD[ 7UHH
'LUHFWHG $F\FOLF *UDSK
7KUHH $GGUHVV &RGH
4AXDGUXSOHYV
7ULSOHYV
, QGLUHFW 7ULSOHYV
6XPPLQJ 8S
$QVZHUV WR FKHFN \RXU SURJUHVYV
3RVVLEOH TXHVWLRQV
5HIHUHQFHV DQG VXJJHVWHG UHDGLQJV

,1752'8&7,21

7KH ODQJXDJH V\VWHP LV JXLGHG E\ FRQWH[W IUHH JU
IRUPDO JUDPPDU LV D PHDQV RI LBEOMRHQWLQJ V\QWDJ |
RI WKH FRPSLOHU 7KH JUDPPDU V\PEROV DUH DWWDFKHC
‘H DOUHDG\ NQRZ WKDW WKH SURJUDPPLQJ ODQJXDJH F
DOozD\V UHSUHVHQWHG E\ WKH JUDPPDU V\PEROV 7KH



DWWULEXWHY DUH FRPSXWHG E\ VRKH VHPDQW
SURGXFWLRQ UXOHV RU JUDPPDU UXOHV 7
DVVRFLDWHG ZLWK SURGXFWLRQV LQ WZR Z
GHILQLWLRQ 6\QWD[ GLUHFWHG WUDQVODW
DQDO\VLV SKDVH LV PDLQO\ WR SURGXFH V\QW
GDWD VWUXFWXUH LQ ZKLFK WKH LQWHULRU
DQG OHDI QRGHV UHSUHVHQW LWV RSHUDQGYV
GLUHFWHG WUDQVODWLRQV DSDUW IURP ILQG
WKLV XQLW ZH ZLOO OHDUQ KRZ V\QWD[ OHY
SURJUDPPLQJ ODQJXDJH FRQVWUXFWV :H ZLOC
RI VIQWD[ WUHHV DQG DVVRFLDWLRQ RI VHPDC
YDOXHV RI DWWULEXWHYV VR WKDWPWMNKH V\QWL
FDQ SURFHHG

81,7 2%-(&7,9(6
$IWHU JRLQJ WKURXJK WKLV XQLW \RX ZLOO E

OHDUQ WKH FRQFHSWV EHKLQG V\QWD[ GLL
XQGHUVWDQG GLIIHUHQW IRUPV RI VIQWD]
NQRZ WKH GLIIHUHQFHV EHWZHHQ V\QWD]J I
KDYH NQRZOHGJH RQ VI\QWD[ GLUHFWHG W|
OHDUQ WR FRQVWUXFW WKH GHSHQGHQF\ J
KDYH EDVLF LGHDV RQ 6 $SWWULEXWHG DQGC
'"HILQLWLRQV

GHILQH LQWHUPHGLDWH FRGHV DQG LWV G
JDLQ NQRZOHGJH RI VI\QWD[ WUHHYV

OHDUQ WR FRQVWUXFW WKH 'LUHFWHG $F\F
NQRZ KRZ WR IRUP GLIIHUHQW W\SHV RI Wk

X X X X X X

X X X X
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7KH DQDO\WLY SKDVH RI D FRPSLOHU EUHDN®
FRQVWLWXHQW SLHFHV DQG SURGXFHV WKH L



VIQWKHVLYVY SKDVH ZRUNV RQ WKH LQWBUPHGLDWH FRGH
FRGH 7KH V\QWD[ RI D ODQJXDJH FRUUHVSRQGV WR WKH
WKH SURJUDP KDV WR EH ZULWWHQ 6\QWD[ GLIIHUV 1UI
ZKLFK WKH PHDQLQJ RI WKH FRGH LV UHSUHVHQWHG

6HPDQWLFVY FRUUHVSRQG WR WKH PHDQLQJ RI WKH SURJL
WKH SURJUDP SURGXFHV ZKHQ LW H[HFEXWHV 6\QWD]

VSHFLILHG E\ WKH &RQWH[W )UHH *UDPPDU &)* $SD
VSHFLI\LQJ WKH V\QWD[ RI D ODQJXDUH &)* DOVR KHOS"
RULHQWHG FRPSLOLQJ WHFKQLTXH FDOOHG 6\QWD[ GLU
+RZHYHU EHIRUH JRLQJ WR WUDQVODWLRQ ZH PXVW GL
GLUHFWHG GHILQLWLRQ

6\QWD[ GLUHFWHG GHILQLWLRQ LV WHWKH JHQHUDOL]HG IR
JubpPDU (DFK JUDPPDU V\PERO KDVVDQ DVVRFLDWHG VH
7TKHVH DWWULEXWHYV DUH IXUWKHU HEVVLILHG LQWR V\C
DWWULEXWHY (DFK QRGH RI D SDUVH WUHH UHSUHVHQW
$Q DWWULEXWH RI D SDUVH WUHH QRGH FRUUHVSRQGV \
W\SH RU PHPRU\ ORFDWLRQ HWF W LV UHJDUGHG DV \
DVVRFLDWHG ZLWK D SURJUDPPLQJ IXDMQJIXDJH FRQVWUXF)
LQFOXGH GDWD W\SHV RI HISUHVVLRQV ORFDWLRQ RI WK
WKH JHQHUDWHG FRGH DQG WKH QXPEHU RI LQVWUXFWLF
FRGH 7KHUHIRUH V\QWD[ GLUHFWHG GHILQLWLRQV DUH
ZLWK DWWULEXWHY DQG UXOHYV

$SDUW IURP WKLV D VHW RI VHPDQRWLF UXOHV LV DVVF
SURGXFWLRQ 7KLV LV EHFDXVH WKH YDOXHV RI DWWUL
I[IURP WKH VHPDQWLF UXOHV DVVRFLDWHG ZLWK WKH V\P
WKH SURGXFWLRQV ,Q RWKHU ZRUGYV VHPDQWLF UXOHYV
SURGXFWLRQ UXOHV RQ D SDUWLFXODU QRGH GHGXFH V
DVVRFLDWHG ZLWK WKDW QRGH 7KHDfDOXH RI D VIQWKH
SDUVH WUHH QRGH LV FRPSXWHG IURP WKH YDOXHV RI W
FKLOGUHQ RI WKDW QRGH 6LPLODUO\ WKH YDOXH RI DQ



FRPSXWHG I URP WKH YDOXHV RI WKH DWWULE?>
SDUHQWYV RI WKDW QRGH

$ YHU\ LPSRUWDQW HOHPHQW RI VIQWD[ GLUHF
GHSHQGHQFLHYVY DPRQJ DWWULEXWHY 7KLV I}
XVLQJ D JUDSK NQRZQ DV WKH GHSHQGHQF\
JUDSK UHSUHVHQWY WKH HYDOXDWLRQ RUGHL
HYDOXDWLRQ GHULYHV IURP WKH YDOXHV RI
QRGHV RI WKH LQSXW VWULQJ

$ SDUVH WUHH ZKLFK FRQWDLQV WKH YDOXHYV
WKH SDUVH WUHH LV WHUPHG DV WRQRXBEW H G
ZKLFK WKHVH DWWULEXWH YDOXHV DUH FRPS.
GHFRUDWLQJ WKH WUHH )RU H[DPSOH WKH
QRWDWLRQ

JRUPV RI 6\QWD[ 'LUHFWHG "HILQLWLRQ

,Q VIQWD[ GLUHFWHG GHILQLWLRQ WKH JUDPP
KDV DVVRFLDWHG VHW RI VHPDQWLF UXOH
F« & ZKHUH | LV D IXQFWLRQ DQG

E LV DQ LQKHULWHG DWWULEXWH RI RQH
EHORQJLQJ WR WKH ULJKW VLExH dRI WKH S|
DUH WKH DWWULEXWHY JUDPPDU V\PEROYV |
E LV D VIQWKHVL]HG DW®RU IFBDXWHWKIHS$ DC
DWWULEXWHYVY RI WKH JUDPPDU V\PEROV RI
HIWHQVLYHO\ XVHG LQ FRPSLODWLRQ

7KH YDOXH RI DWWULEXWH E LV BHWW YHG IUR!
7KH VHPDQWLF UXOHV PD\ EH ZULWWHQ LQ W
ZRUWK PHQWLRQLQJ KHUH WKDW D VHPDQWLF
VLGH HIITHFWV OLNH SULQWLQJ D YDXXH RU XS
FDVHV VHPDQWLF DFWLRQV DUH ZULWWHQ X\
I[UDJPHQWYV



6\QWKHVL]HG DQG ,QKHULWHG $WWULEXWHV

,Q WKLV XQLW ZH VKDOO GLVFXVG WEZWKW\SHV RI DWWUL

QRQ
L

WHUPLQDOYV

6\QWKHVL]HG DWWULEXWH IRU
QRGH FDQ EH GHILQHG XVLQJ

D QRQ WHUPLQDO D
VHPDQWLF UXOH 7K

UXOH IRU WKH SDUVH WUHH QRGH 1 LV DVVRFLDYV

SURGXFWLRQ GHILQHG DW 1 7
QRQ WHUPLQDO DW LWV KHDG

KH SURGXFWLRQ PX\
7KH VIQWKHVL]HG D

SDUVH WUHH QRGH 1 LV GHILQHG LQ WHUPV RI W
YDOXHV RI WKH FKLOGUHQ RI 1 DQG 1 LWVHOI 7HLU
KDYH RQO\ V\QWKHVL]J]HG DWWULEXWHYVY EXW QR)
DWWULEXWHY 7KH OH[LFDO DQDO\|HU VXSSOLHYV
YDOXHV RI WKH DWWULEXWHVY RI WKH WHUPLQDC

GLUHFWHG GHILQLWLRQ WKDW
FDOOHG DV 6 DWWULEXWHG GH
UXOH FRPSXWHV WKH DWWULE
KHDG IURP WKH DWWULEXWH Y
UXOH

LQYROYHV V\QWKHYV
ILQLWLRQ ,Q VXFK ¢
XWH Rl WKH QRGH ¢
DOXHV SUHVHQW DW

QRQ WHUPLQDO DW
DVVRFLDWHG ZLWK W

RGXFWLRQ PXVW KD
QKHULWHG DWWULE)

LL ,QKHULWHG DWWULEXWH IRU D
LV DOVR GHILQHG XVLQJ VHPDQWLF UXOHV EXW W
WKH SDUHQW RI WKH QRQ WHUPLQDO 7KH VHPDQW
SDUVH WUHH QRGH 1 PXVW EH
DW WKH SDUHQW RI 1 7KH SU
WHUPLQDO DW LWV ERG\ $Q L
WUHH QRGH 1 LV GHILQHG LQ WHUPV RI WKH DWWU
WKH SDUHQW RI 1 1 LWVHOI DQG 1YV VLEOLQJV
&+(&. <285 352*5(66
7KH DQDO\VLV SKDVH R D FRPSLOHU SURGXFHYV

BBEBBBBBBBBBBBBBBBBBBBB
7KH VIQWKHVLY SKDVH RI D FRPSLOHU
$WWULEXWHV RI D VI\QWD[ GLUHRPM HG
BBBBBBBBBBBBBBBDQG BBBBBBBBBBBB
JLQGLQJ WKH GHSHQGHQFLHV DPRWUQI
BBBBBBBBBBBBBBBBBBBBBBBBB
'KDW GR \RX XQGHUVWDQG E\ DQQRWDV
6\QWKHVL]HG DWWULEXWHV RI D ISRBV
BBBBBBBBBBBBB Rl WKH QRGH
,QKHULWHG DWWULEXWHV RI D SCOLWWWH
BBBBBBBBBBBBB DQG WKH VLEOLQJV RI

JHQHUDWHV WKH BBBBBB
GCHIQWRLRQ DUH IXUWKH
DWWULEXWHYV

DWW ULEXWHY LV UHSUH)\

VLQJ D SDUVH WUHH"
WKWUHH QRGH LV FRPS)

WIUHAVYRGH LV FRPSXWE
WKH QRGH
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6\QWD[ GLUHFWHG GHILQLWLRQ DWWDFKHV D
JubPPDU V\PERO $SDUW IURP WKLV D VHW
DWWDFKHG WR HDFK SURGXFWLRQ LQ RUGHU W
ZLWK HDFK JUDPPDU V\PEROYV

‘H DOUHDG\ NQRZ WKDW FRGH IUDJPHQWYV DUH
UXOHV 2QH VXFK SURGXFWLRQ UXOH FDQ EH D

(:( 7 ( DQG 7 DUH WK
QRQ WHUPLQDO V\PER
$OVR VWDQG IRU
([SUHVVLRQ DQG
7HUPLQDO

1RZ XVLQJ WKLV SURGXFWLRQ ZH VKDOO GHU
IRU WKH DWWULEXWH YDOXH W DV IROORZYV
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)LJ $QQRWDWHG SDUVH WUHH IRU WKH H[SUHV
6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFEQWEKXHV 7RRC
8O0OPDQ

7KH DWWULEXWH YDOXH DW WKH URRW RI WKF
QRWDWLRQ IRU WKH H[SUHVVLRQ =

$ WUDQVODWLRQ VFKHPH LV D FRQFHSW WK
FRQVWUXFWY WR WKH SURGXFWLRQ UXOHV 7K
HIHFXWHG RQO\ ZKHQ WKH\ DUH DVVLJQHG

HIHFXWLRQ RUGHU LV GHFLGHG E\ WKH V\Q\
DFFRUGLQJO\ WKHVH FRQVWUXFWYVY DUH H[HF.
RXWSXW 7KLV RXWSXW ILQDOO\ SURGXFHV WK

e
el



,W LV DOUHDG\ PHQWLRQHG WKDW V\QWKHVL]HG DWW
FRPPRQO\ XVHG GXULQJ WUDQVODWLRQ $Q DWWULEXWH
1 LV vDLG WR EH VI\QWKHVL]HG LI WKH YDOXH RI WKH L
GHULYHG I URP WKH DWWULEXWHYV RI 1 DQG LWV FKLOGUH
WUDYHUVDO RI WKH WUHH HYDOXDWHWHGKH VIQWKHVL]HG
DWWULEXWH LV WKH RQH ZKRVH YDOXH DW D SDUVH WUH
WKH DWWULEXWH YDOXHV RI LWVHOI LWV SDUHQWYV DQG

7KH IROORZLQJ ILJXUH FRUUHVSRQGYVY WR WKH VI\QWD[ GLL
WKH SDUVH WUHH FUHDWHG LQ )LJ

BURGXFWLRQ BHPDQWLF 5XOH
(:( 7 ([SUW ([SUW _ THUP W __ u T

(: (£ 7 ([SUW ([SUW __ 7THUP W __ u T

(: 7 ([SUW 7HUP W

7 7HUP W 1

7 7HUP W 1

L« K L K

7 7HUP W 1

)LJ 6\QWD[ GLUHFWHG GHILQLWLRQ IRU WKH LQIL] H[SUHVVLRQ

7KH VHPDQWLF UXOHV FRUUHVSRQG WR WKH V\QWD[ GLUL
WUDQVODWLQJ H[SUHVVLRQV LQWR SRVWIL[ QRWDWLRQ ¢
WKH FRQFDWHQDWLRQ RSHUDWRU

6\QWD[ GLUHFWHG GHILQLWLRQ PXVW KDYH WKH SURSHU
7KH VWULQJ UHSUHVHQWLQJ WKH WUWQVODWLRQ VFKHPH
WKH KHDG RI HDFK SURGXFWLRQ UXOH LV HTXDO WR WK
WUDQVODWLRQV RI WKH QRQ WHUPLQDOV RI WKH UXOHTYT
WUDQVODWLRQ LV VDPH DV WKH RUGHU LQ ZKLFK WKH\ I
7KLV PD\ LQ WXUQ UHTXLUH VRPH DGGLWLRQDO VWULQJ
LOWHUOHDYHG 7KH VHPDQWLF UXOHV GHILQHG LQ ILJ>
FRQVLGHUHG DV VLPSOH DV WKH\ DUH FRQFDWHQDWHG L
WKH\ DSSHDU LQ WKH SURGXFWLRQYV ERG\ %\ DWWDFKL



QRGHV RI WKH SDUVH WUHH LQ WHUPV RI VWU|
EXLOW XS

'H QRZ FRQVLGHU DQRWKHU WUDQVODWLRQ
VIQWD[ GLUHFWHG GHILQLWLRQ H[FHSW WKH IC
Rl VHPDQWLF UXOHV LV H[SOLFLW®WHVSHFLILH
SURJUDP IUDJPHQWY DUH QHHGHG WR EH HPE
ERG\ ,W LV WHUPHG DV VHPDQWLF DFWLRQ
DFWLRQ LV VKRZQ LQ EHWZHHQ WZR FXUO\ EU
ERG\ 7KH DFWLRQV DUH DWWDFKHGJWR WKH S|
GDVKHG OLQH :H PD\ FRQVLGHU WKH DFWL!
H[HFXWLRQ RI FRGHV

expr
expr + terr:n {print(+°)}
expr - term ‘{‘;;rint{‘—’)} L {print(2)}
term S {print('s’)}
9  {print(9}
)LJ 7TUDQVODWLRQ IRU WKH H[SUHVVLRQ +
6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFE&QWKXHYV TRRC
800PDQ

7KH JUDPPDU JHQHUDWHY H[SUHVVGREA FRQVLYV
SOXV DQG PLQXV $ OHIW WR ULJKW GHSWK |
HIHFXWHV WKH SULQW ZKHQHYHU BWDRQWRGH L
WUDQVODWH WKH H[SUHVVLRQ LQWR SRVWIL[ G

7KH URRW UHSUHVHQWY WKH ILUVW SURGXFWIL
DFWLRQ ZRXOG EH WR WUDYHUVH WKH OHIWP
SHUIRUP DOO WKH DFWLRQV 7KDW IWKHVKH WL
OHIW RSHUDQG H[SU 7KLV ZRXOG SURGXFH W
OHDI QRGH p 1 ZLOO EH HQFRXQWHWYHEG EXW Q



ILQDOO\ WKH ULJKW VXEWUHH WUDYHUVDO ZRXOG OHDG
T

%RWK WKH VFKHPHV SUHVHQWHG LQ )LJ DQG )LJ

VDPH WUDQVODWLRQ EXW WKH\ DUH FRQVWUXFWHG GL
SURGXFHVY WUDQVODWLRQ VLPSO\ E\ DWWDFKLQJ DWWU
QRGHV %XW WKH RWKHU RQH GRHV WKH VDPH E\ SULQW
WKURXJK VHPDQWLF DFWLRQV 7KH VHPDQWLF DFWLRQV L
VDPH ZD\ WKH\ DSSHDU GXULQJ SRVWRUGHU WUDYHUVDO

$V VSHFLILHG V\QWD[ GLUHFWHG GHILQLWLRQ DWWDFKI
JUDPPDU V\PEROV VLPSO\ E\ DVVRFLDWLQJ VHPDQWLF
SURGXFWLRQV /HW XV UHIHU WR 7DEOH DQG FRQVLGH
([SWron ([Skkon . 7HHE _ M 1 FRUUHVSRQGLQJ WR WKH
SURGXFWLRQ7(KH SURGXFWLRQ KDV WZR QRQ WHUPLQDO
DQG 7 ( GLVWLQJIXLYKBIVIDEWPWKDW ( RFFXUV LQ WKH
SURGXFWLRQ KHFEUVQGQ(SURGXFWLRQ KHDG 7KH\ KDYF
VWULQJ YDOXHG DWWUEENMH FRWGBILCHIG E\SU
FRQFDWH Q DWQH URSHQ G ‘H QRZ DJDLQ UHIHU WR
ILIXUH DQG UHFRQVLGHU WKH DVVRFLDWHG VHPDQWL
7 ~ SULQW p Y 6HPDQWLF DFWLRQV DUH UHSUHVHQW
EUDFNHWV +HUH WKH DFWLRQ RFFXUV DIWHU DOO Jl
+RZHYHU DQ DFWLRQ PD\ RFFXU DQ\ZKHUH ZLWKLQ WK
ERG\

$V DOUHDG\ PHQWLRQHG WKH OH[LFDO YDOXHV RI WK
JDWKHUHG GXULQJ OH[LFDO DQDAWLWKMVKHUH LV QR VF
VIQWD[ GLUHFWHG GHILQLWLRQ IRU FRPSXWLQJ WKH YDO
RI' D WHUPLQDO

‘H FRQVLGHU DQRWKHU VHW RI VIQWD[ GLUHFWHG GHILQ
VLPSOH GHVN FDOFXODWRU ,W HYDOXDWHY H[SUHVVLRQ\
QRQ WHUPLQDOV KDYH D VL®DO#S NUQWKIHRFL]HG DWWULE)

-



WKLV WKHCWHKWRLOEDWLQIJOH V\QWXHHVYDI®GIG DW
ZKLFK LV DQ LQWHJHU YDOXH UHWXUQHG E\ WK

60 1 BURGXFWL 6HPDQWLF 5XOH
I - (Q v/ (v
(- C 7 { (v %
(-7 (v I%
77 ) ¥ Ty %
7 ) % W
) = ( Y
) : GLIJLW vy Bl W
)LJ 6\QWD[ GLUHFWHG GHILQLWWRQV RI D VLPSO
6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFEIWRKXHV 7RRC
800PDQ

7KH ILUVW SURGXFWLRQ VHWV WKH YDOXH RI /
7KH ,Q WKH VHFRQG SURGXFWLRQ WKH YDOXH
WKH VXPV RI WKH YDOXH DWWUIDEXGVHV RI L
6LPLODUO\ WKH YDOXH RI ( LV VHW WR WKFE
SURGXFWLRQ VHWV WKH YDOXH RI V\PERO 7 D
QXPHULFDO YDOXHV RDQWV) FXURGXGRGRQV7 I
VHWV WKH YDOXHV RI 7 DQG ) WR WKH QXPHU
FKLOG QRGHV ) DQG ( UHVSHFWLYHO\ )LQDOO'
DWWULEXWH RI VIPERO ) WR WKH QXPHULFDC
UHWXUQHG E\ WKH OH[LFDO DQDO\JHU 7KH 6
DWWULEXWHG GHILQLWLRQ

5XOHV DUH ILUVW DSSOLHG DQG WKHVIDUVH W
UXOHV RI WKH 6'"" ZRXOG HYDOXDWHKWKH YDO?>
SDUVH WUHH QRGHV 7KXV DQ DQQRWDWHG S
HYDOXDWLRQ RI DWWULEXWHY RI DWRHVH WUI
DWWULEXWH YDOXHV RI WKH QRGHV XSRQ ZI
HIDPSOH WKH VIQWKHVL]J]HG DWWULEXWH RI D
LV GHULYHG E\ HYDOXDWLQJ WKH DWWVBULEXWH"
DWWULEXWHYVY FDQ GHULYH DWWULEXWHV LQ
SRVWRUGHU SUHRUGHU RU LQRUGHU



,Q ERWK VI\QWKHVL]HG DQG LQKHULWHG DWWULEXWHV W
DERXW WKH RUGHU LQ ZKLFK WKH DWWULEXWHY DUH HYD(

‘H QRZ FRQVWUXFW DQ DQQRWDWHG SDUVH WUHH IRU WK
Q XVLQJ WKH JUDPPDUYV DQG UXOHV RI )LJ

Lva—=23
E.var=23 n
E.va=8 + Twva=15
T.wa=8 TWA\F.\@I =
Twal=2 F.va=4 F.va=3 digit lexval=5
F.val =2 digit.lexvai=4 digit.lexval=3
digil.lexval=2
)LJ $QQRWDWHG SDUVH WUHH IRU WKH H[SUHVVLRQ

(DFK QRQ WHUPLQDO KDVYD@KRLVFKRIALFWRPSXUWAG ULEXWH
LQ D ERWWRP XS D SGUUIKDNK D VEOMLFZEQENCH

YDOXH LV GHULYHG GXULQJ OH[LEDO DQDO\VLV 'XULQJ EF
WKLV YDOXH SURSDJDWHV XSZDUGV LQWR WKH SDUHQW
LQYROYLQJ RI 6 DWWULEXWHG GHILQLWLRQ )LJXUH
WUDQVODWLRQ SURFHVV ZKLFK LQYROYHV VIQWKHVL]HG L

/IHW XV FRQVLGHU D SURGXFWLRQ UXOH RI WKH IRUP &

VHPDQWLF UXOH " YDO & YDO 7TKH DWWULEXWH YDO
QRGH ' LV FRPSXWHG IRUP WKH DWWULEXWH RI LWV SDU
YDOHSUHVHQWY DQ LQKHULWHG DWWULEXWH :H PD\ FI
LQKHULWHG\ M)W UWEKKWHPDQWLF UXOH PLIKW EH OLNH

& W\SH :H DJDLQ FRQVLGHU DQRWKHU SDUVH WUHH IRU
UHSUHVHQWLQJ LQKHULWHG DWWULRXWHYVY :‘H FRQVLGHU
SURGXFWLRQVY DQG WKHLU FRUUHVSRQGLQJ VHPDQWLF UX



60 1 3URGXFW 6HPDQWLF 5XOH
7 )7 7LQK) YDO
7 YDO V\Q
7. )7 7 LQR LQK ;) YDO
7 VIQ V\Q
7 Y 7VIQ LDK
): GLILW vy )G LW
)LJ 6'" LQYROYLQJ ERWK LQKHUBEXWHKE DQG V\QWK
6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFE&IQWKXHYV TRRC
80OOPDQ

1RQ WHUPLQDOV 7 DQG ) KDY H DVKIHP VOPW ON V L ]
WHUPLQDO GLJLW DOVR KIDH[YBOKDKHWEZRIG |
DWWULEXWHW\@\QG K WK IH bl IGWRKT FD \WHVQUH. B DX WY H
WRS GRZQ SDUVLQJ ZKLFK JHQHUDWHV WKH HJ
WKH OHIW RSHUDQG RI WKH RSHUDWRU LV
DQQRWDWHG SDUVH WUHH GHULYHV WKH JL
DWWULEXWHYV

T.val= 252
wval =9 T nh= 9
J Triz=an)
di [P A
1 -nh= 36
T"sy= 252
digit. ... =4
T inn=252
T1"sn=252
digit...=7
)LJ $QQRWDWHG SDUVH WUHH IRU WKH H[SUHYV

7KH OHIWPRVW OHDI RI WKH SDUVHGWUIHWH LV O
DQG KDG WKH DWWULEXWH QDPH OH[YDO ZKL
DQDO\|JHU 7KH VHPDQWLF UXH DVVRJGLDWHG ZL
GLOLWoHKLY PRMNHYV )Q WKH VHFRQG VXEWUHH S

)7 LV DSSOLHG 7KH FRUUHVSRQGLQJ VHPDC
7LQK LQKHULWY WKH v%& & XHKRUWVL WVXWDICE W/IRQJ )

1RZ SURGXFWLRQLY DIBOLAHEUH WZR DWWULE
KDYH EHHQ LQWURGXFHG KDY QDK HPDYDMLF U

-



DQG VAQ V\Q 7KLV PRRKV 7 $WDJDLQ
SURGXFWLR)Z 7LV DSSOLHG ZLWK WKH VDPH VHW RI VHP]
UXOHV DV WKH SUHYLRXV RQH 1RZ LWKH VDPH LQKHULW!
GHULYHV LWV YDOXH HTXDOYWRV XVHGE DQG\WHKW 7
FRUUHVSRQGLQJ WH®D DWW HYXOWIIVHYV 7

7KLV YDOXH SURSDJDWHV XS WR VHW WKH V\QWKHVL]H
7 VI\Q DQ@GQ7HTXDO WR )LQDOO\ DW WKH URRW WKH \
DWWULEXWH YDOXW\@ PRG LV DIOWRWHRTXDO WR ,Q WKL
ZD\ DQ H[SUHVVLRQ LV HYDOXDWHG LQ DQ DQQRWDWHG S

,W LV LPSRUWDQW WR XQGHUVWDQG WKH HYDOXDWLRQ R
DJLYHQ DQQRWDWHG SDUVH WUHH 'HSHQGHQF\ JUDSK L\
GHWHUPLQHYVY KRZ WKHVH DWWULEXWH YDOXHV DW HDEFK
HYDOXDWHG 2QFH WKH\ DUH GHWHUPLQHG WKH\ FDQ E

DQQRWDWHG WUHH

"(3(1'(1&< *5$3+

,QIRUPDWLRQ IORZV DPRQJ WKH DWWULEXWHV Rl SDUV
GHSHQGHQF\ JUDSK GHSLFWV VXFK IORZ RI LQIRUPDWL
DWWULEXWH LQWR DQRWKHU LQ D SDUVH WUHH $Q HGJH
DQRWKHU PHDQV WKDW WKH YDOXH RI WKH ILUVW LV QH
VHFRQG

" &RUUHVSRQGLQJ WR HDFK SDUVH WUHH QRGH ODE
GHSHQGHQF\ JUDSK DOVR KDV D QRGH IRU HDFK
DVVRFLDWHG ZLWK ;

" /IHW XV FRQVLGHU WKDW ZH KDYWHK VHPDQWLF UXOH
D SURGXFWLRQ S 7KH SURGXFWLRQ GHILQHV WKF
VIQWKHVL]HG DWWULEXWH $ E LQ WHUPV RI WKH Y
7TKHUHIRUH WKH GHSHQGHQF\ JUDSK KDV DQ HGJH I
$ E $W HYHU\ QRGH ODEHOHG $ ZKHUH S LV DSSOLHC(

-



DQ HGJH WR DWWULEXWH E IURP DWWULE
FRUUHVSRQGLQJ WR WKH SURGXFWLRQ ERC
" /HW XV FRQVLGHU WKDW ZH KDYH DQR)
DVVRFLDWHG ZLWK D SURGXFWLRQ S 7KH
LOQKHULWHG DWWULEXWH $ E LQ WHUPV R
GHSHQGHQF\ JUDSK KDV DQ HGJH IURP ; F
QRGH ODEHOHG $ ZKHUH S LV DSSOLHG .
DWWULEXWH E DW $ I[URP DWWULEXWH F D\
;7 FRXO0OG EH HLWKHU WKH SDUHQW RU VLE

&RQVLGHULQJ WKH IROORZLQJ SURGXFWLRQ
VHPDQWLF UXOH GHFODUHG LQ )LJ

BURGXFWLRQ 6HPDQWLF UXOH
( ( 7 (vpo (vypo #po

(DFK QRGH 1 ODEHOHG E\ ( DW WKHKKHDG LV
DWWULEXWRIYIDMOWK H KLO G UHDDV 7B HMNQMKHYV L] H C
DWWULEXWH ZKLFK GHULY H\D DVMKW UWMEXXHH R IR1
ERG\ ,W FDQ EH UHSUHVHQWHG LQ WHUPV RI )]

yLJ '"HSHQGHQF\ JUDSK UHSUHVHQWHBQR P/ LQWWK HVL]H
FKLOGUHQ

,Q WKLV ZD\ ZH FDQ UHSUHVHQW DQ\ DQQR
GHSHQGHQF\ JUDSK 7KH DQQRWDWHG SDUV
H[SUHVVLRQV VKRZQ LQ )LJ W LQYROYHV
DQG VIQWKHVL]HG DWWULEXWHYV 7KH VDPH KD
RI D GHSHQGHQF\ JUDSK LQ WKH QH[W ILJXUH



# E Val—('-\wm\'ﬂ'm

dl'g!l't lexval

digit Ijxval s fmm
digit lexval €
)LJ '"HSHQGHQF\ JUDSK UHSUHVHQWILQJ DQQRWDWHG SDUVH WUH

)vyo6V D VIQWKHVL]HG DWWULEXWH ZKLFK JDWKHUV LWV
DWWULEXWH YDOXH Rolukd®¥ HF K QBE UQ RVGIHE ®MWW L E X W H
7LQK LQKHULWYV LW¥KHIQO SHWRGRPWILRQ 7 : )7

DSSOLHG 7KH FKQRBUQWGEHYDOXHV DQRBP LWV SDUHQW 7
DOVR IURP ) ZKHQ: SURGIXVFWSERQLHG 7KH VHPDQWLF
UXOHLQKR LQK ; ) YDO LV DSSOLHG LQ RUGHU WR GHULYH W
7 LQK 6DPH VHPDQWLF UXOH LV DSSOLHG ZKHQ VDPH SU
)7 LV DSSOLHGQR@ T\ SURGXEWIDRR@EGLHG RQ 7

7KLV LQ WXUQ DOORZV XV WRVDGSORKKH VHPDQWLF UX¢
7KLV DVVLJQV WKH LQKHLUQWR GNBMW WUQBEX\WMMLFHG7
DWWULEXWRZ RWRLVY VIQWKHVL]HG DWWULEXWH SURSDJDYV
DQG ILQDOO\ JHW VYDBDWIW QHEX WHWMR WKH URRW QRGH RI W
WUHH 7 ,Q WKLV ZD\ WKH RUGHU Rl HYDOXDWLRQ SURFF
UHVXOW JHWV DVVLIJQHG LQ WKH KHDG RI WKH WUHH

$ GHSHQGHQF\ JUDSK UHSUHVHQWY WKH SRVVLEOH RUGH
DWWULEXWHY DW YDULRXV QRGHV RIGWHKH SDUVH WUHH
IURP QRGH 0 WR 1 WKHQ WKH DWWULEXWH YDOXH RI Q
HYDOXDWHG SULRU WR WKDW RI 1 ,W LV ZRUWK WR P
VRPHWLPHV RUGHULQJ HPEHGV D GLUHFWHG JUDSK LQW
7KLV KDSSHQV ZKHQ ZH KID¥KH Q®RIGH Y KIL FK

WKH JUDSK KDV DQWRAKHRIHIURWP BXFK RUGHULQJ RI



VHTXHQFHV RI QRGHV LV WHUPHG DV WRSRORJ
JUDSK KDV F\FOHV WKHQ WKHUH LV QR WRSR
ZD\ WR HYDOXDWH 6''V

&+(&. <285 352*5(66 ,,

6\QWD[ GLUHFWHG GHILQLWLRQ|DWWDFKH#
JUDPPDU V\PERO

$ VLQJOH ERWWRP XS WUDYHUVDO|RI WKH W
,QIRUPDWLRQ IORZVY DPRQJ WKH BBBBBB RI

7KH HGJHV RI D GHSHHQGHQF\ JUDSK DUH
BBBBBBBBB

6 $775,%87(' DQG / $775,%87(' '(),1,7,216

6RPHWLPHYV JLYHQ DQ 6'" LW LV YHWWSLIILFXO
DQ\ GHSHQGHQF\ JUDSK WKDW KDV QR F\FC
WUDQVODWLRQYVY DQG DOVR JXDUDQWHH WKH H
WKH\ GR QRW SHUPLW GHSHQGHQF\ JUDSKYV ZlI
HYHU\ DWWULEXWH LV VIQWKHVL]JHGLRY WRBUPH
DQ 6 DWWULEXWHG 6'* WKH DWWULEK®HV RI S
LQ D ERWWRP XS RUGHU %\ WUDYHUVLQJ WKF
HYDOXDWHV WKH DWWULEXWHYV RI WKH QRGHYV
WR SRVWRUGHU WUDYHUVDO RI QRGHV $QG

HIDFWO\ WR WKH PDQQHU LQ ZKLFK QQ /5 SDU
ERG\ WR LWV KHDG

2Q WKH RWKHU KDQG LQ DQ / DWWULEXWHOC
GHSHQGHQF\ JUDSK FDQ JR IURP OHIW W ULJK\
(DFK DWWULEXWH LQ DQ / DWWULEXWHG GHILQ

e
el



" 6\QWKHVL]HG
* QKHULWHG 6XSSRVH WKHUH; LY D SURGXFWLRQ $:
«« NDQG WKHUH LV DQ LGKRPBIXMWHEG EWWULEXWH ;
D VHPDQWLF UXOH 7KH UXOH PD\ XVH RQO\
D ,QKHULWHG DWWULEXWH DVVRFLDWHG ZLWK KHDG §
E (LWKHU VIQWKHVL]HG RU LQKHULWHG DWWULEXWH\
WKH RFEXUUHQFH RI;WKH«¥\PEROYV
WRZDUGV WKH OHIW RI ;
F ,QKHULWHG RU V\QWKHVL]HG DWWULEXWHV DVVRF
RFFXUUHQEHLWVHOI ZLWK FRQGLWLRQ WKDW Wt
GHSHQGHQF\ JUDSK PXVW QRW FRQWDLQ DQ\ F\FOH'

7KH 6"V LQ ILIJXUH DUH / DWWULEXWHG 7KH LQKHUL!
JDWKHU YDOXHV RI DWWULEXWHV IURP DERYH RU IURP
VRPH 6''V RI WKH JLYHQ GHILQLWLRQ DUH VV\QWKHVL]HG
DJDLQ GHILQH WZR SURGXFWLRQV ZLWK WKHLU FRUUHYV
GHILQLWLRQV

3URGXFWLRQ 6HPDQWLF UXOH
7 :)7 7 LQK) YDO
7: )7 7 LQK LQK

) YDO

7TKH LQKHULWHGQBWXWWHME XNKH ADOXH RI ) YDO ZKHUH )
DSSHDUV WRZDU G PLIOHD OGN WWKIH7YDOXH RI WKH LQKHUL'
DWWULERWH Y GHULYHG E\ PXOWLSO\LQJ WKH DWWULEXW
SDUHQWK7DQG LWV VLEOLQJ ZKLFK DSSHDUV DW LWV OHI
ERWK WKH 6"V FDQ EH UHJDUGHG DV / DWWULEXWHG GHIL
'H FRQVLGHU DQRWKHU SURGXFWLRQ DQG DOVR LWV FRI
DQG VHH WKDW WKH GHILQLWLRQV FDQQRW EH FRQVLGHU



SBURGXFWLRQ 6HPDQWLF

$: % & p P
L %% ; &

7KH ILUVW VHPDQWLF UXOH FRUUHVSRQGV WR
LOQWR WKH YRIOXKHVSV\QWKHVL]HG DWWULEXWH
DWWULEXWH YDOXH RI WKH FKLOV QBGWH LV DV
LQ WKH VHFRQG GHILQLWLRQ WKH DWWULEX\
GHILQHG E\ PXOWLSO\LQJ WKH DWWULEXWH Y
VLEOLQJ ,W LV REYLRXVO\ DQ LQKHULWHG DW
WKH ULJKW VLGH RI WKH SURGXFWLRQ 7KLV G
DWWULEXWHG GHILQLWLRQ 7KHUHIRUH WKH 6
DWWULEXWHG GHILQLWLRQV

,17(50(',$7( &2'(6

,Q WKH DQDO\VLV VIQWKHVLY PRGHO WKH IU
DQDO\]JHV WKH VRXUFH SURJUDP DQG SURG
UHSUHVHQWDWLRQ RI WKH VDPH 7KLV UHSU
SURGXFH WKH WDUJHW FRGH RI WKH VRXU
LQWHUPHGLDWH FRGHV SOD\ D FUXFLDO URC
FRPSLOHU PD\ FUHDWH D VHTXHQFH RI LQWH
ZKLOH WUDQVODWLQJ IURP VRXUFH WR WDUJH\
UHSUHVHQWDWLRQ PXVW EH HDV\ WR SURGXF
LQWR WDUJHW FRGH +LJK OHYHO UHSUHVHQW
FRGH DQG ORZ OHYHO UHSUHVHQWR@HRQV DU
IRUP RI KLJK OHYHO UHSUHVHQWDWLRQ PLJKYV
GHSLFWV WKH KLHUDUFKLFDO VWUXFWXUH RI
GRHV WDVNV OLNH VWDWLF W\SH FKHENLQJ 2
UHSUHVHQWDWLRQV OLNH WKUHH DGHBUHVV FF
GHSHQGHQW WDVNV OLNH UHJLVWHU DOORFDW
,Q WKLV XQLW ZH VKDOO VHH VRPH FRPPRQ
UHSUHVHQWDWLRQV



" TUHHV ZKLFK LQFOXGHV DEVWUDFW V\QWD[ WUHHYV
" ILQHDU ZKLFK LQFOXGHV WKUHH DGGUHVV FRGH

$EVWUDFW 6\QWD[ 7UHH

3URJUDPPLQJ FRQVWUXFWY DUH UHSHMHVHQWHG E\ WKH D
RU VLPSO\ V\QWD[ WUHHV $V DOUHIR3A\ VWXGLHG GXULQ.
FRPSLOHU DWWULEXWHY DUH LQVHUWHG WR WKH QRGHYV
DUH GHILQHG E\ WKH 6"V $Q DEVWUDFW V\QWD[ WUHH
KLHUDUFKLFDO VWUXFWXUH WKDW UHSUHVHQWYVY WKH VR
$Q $67 IRU DQ H[SUHVVLRQ FRQVLVWV Rl WKH IROORZLQJ\

* (DFK LQWHULRU QRGH UHSUHVHQWY DQ RSHUDWRU

» (DFK FKLOG QRGH UHSUHVHQWY WKH RSHUDQG RI WKF
$ VIQWD[ WUHH LV D IRUP RI LQWHUPMGLDWH UHSUHVHQW
D SDUVH WUHH KRZHYHU D VI\QWQWWUHRUFRQWDLQV DQ
QRGHV ZKHUHDV D SDUVH WUHH FRQWDLQV D QRQ WHU!
‘H FRQVLGHU WKH IROORZLQJ V\QWD[ WUHH ZKLFK UHSU
DULWKPHWLF HISUHMHBRIY RS UHSUHVHQWY WKH LQWHUL

QRGH DQG OHDI QRGHV DD A HIFUMHVR@AXHG E\ (
H[SUHVVLRQV D V\QWD[ WUHH FDQ UHSUHVHQW DQ\ SURJI

+

T

E1 E>

yLJ $Q $SEVWUDFW 6\QWD[ 7UHH

$SDUW IURP WKLV D V\QWD[ WUHH\LNUDOVR XVHG E\ WKH
VR WKDW LW FDQ FKHFEN ZKHWKHU WKH FRGH LV VHPDQW!|
‘H QRZ FRQVLGHU DQRWKHU H[SUHVVLRQ DQG WU\ \
VIQWD[ WUHH IRU WKH VDPH

] Az
9/\5

yLJ $Q $67 IRU WKH H[SUHVVLRQ

-



7KH URRW p f FRQWDLQV WZR VXE H[SUHVVLI
UHSUHVHQW DQRWKH®H& \FWHMAMLRNGEWV\Q W D [

WUHH $V WKH ZKLOH VWDWHPHQW FRQVLVWYV

URRW RI WKH WUHH DQG WKH V\QWD[ WUHHYV
FKLOGUHQ RI ZKLOH

JRU HDFK VWDWHPHQW FRQVWUXFW WHDW EHJL
RSHUDWRU RI WKH VIW® KN WWHR HQRAX VW KRIUR S H
MZKLOHY DQG RWVKIDIMDWMHBWHPHQW LV pGRT &R
VWDWHMRKFKD KDYH pLIT RQO\ DV DQ RSHUDWRU

'LUHFWHG $F\FOLF *UDSK

$ LUHFWHG $F\FOLF *UDSK RU '$* LQ VKRUW L
WUHH /LNH V\QWD[ WUHHV '$* DQWHEBRRWD L
QRGH DQG RSHUDQGV DV OHDI QRGHV ORUHR
FRPPRQ VXE H[SUHVVLRQ DQG LW ZRXOG EH U}
WKH FRPPRQ VXE H[SUHVVLRQ DSSHDUV LQ WK
LGHQWLILHVY WKH FRPPRQ VXE H[SUHVVLRQV RF
JLYHV DQ LPSRUWDQW FOXH UHJDUGLQJ WKH J
WKDW FRPSLODWLRQ FDQ SURFHHG ILUPO\ '$
FRQVWUXFWHG XVLQJ WKH VDPH WHFKQLTXH

/IHW XV GUDzZz D '$* IRU WKH H[SUHVVLRQ D D

7KH H[SUHVVLRQ FRQWDLQV FRPPRQ VXE H[SU
LOQWHULRU QRGHVY ZRXOG FRQWDLQ WKH RSHUL
WKH RSHUDQGYV

+A+*
e

yLJ '$* IRU WKH H[SUHVVLRQ D D E F E



2IWHQ QRGHV RI D V\QWD[ WUHH DUH VWRUHG DV DQ DUU
UHFRUG UHSUHVHQWY LQIRUPDWLRQ RI D QRGH 7KH ILUV
LQGLFDWHYVY WKH RSHUDWLRQ FRGH ZKLFK GHVLIJQDWHV W
/IHDYHV KDYH DQ DGGLWLRQDO ILHOG ZKLFK KROGV LW
,QWHULRU QRGHV KDYH WZR ILHOGV RQH IRU LWV OHIW F
ULJKW

/IHW XV FRQVLGHU WKH H[SUHVVLRQQG L DQG WU\ WR
DOVR NHHS UHFRUGV RI HDFK QRGH LQ DQ DUUD\

{ —
=

7DEOH $UUD\ RI QRGHV IRU WKH H[SUHVVLRQ L L
LG (QWUN IRU L
QXP
)LJ '$* IRU WKH H[SUHVVLRQ L L

6RXUFH &RPSLOHUV 3ULQFLSOHV 7HF&ERWKXHVY 7RROV E\ $KR /DF
800OPDQ

(DFK QRGH RI WKH DUUD\ LV UHIHUUHG WR E\ DQ LQWHJE
ZRUGV WKH LQWHJHU DOVR WHUPHG DV WKH YDOXH QXF
QRGH DQG DOVR WKH H[SUHVVLRQ UHSUHVHQWHG E\ WKH
WKH QRGH ODEHOHG p § KDV WKH YDOXH QXPEHU DQG
ULJKW FKLOGUHQ KDYH YDOXH QXPEHUV DQG UHVSHEF!



QRGH ODEHOHG p T UHIHU WR LWV OHIW DQG
QXPEHUYV DQG UHVSHFWLYHO\ 7KXV DQ LQ\
E\ WKH RMWXSIZHHUH RS UHSUHVHQWY WKH ODE
YDOXH QXPEHUV RI WKH OHIW DQG ULJKW FKLC
LW LV DVVXPHG WR EH D XQDU\ RSHUDWRU

7KUHH $GGUHVV &RGH

,W LV DOUHDG\ PHQWLRQHG WKDW RQFH V\Q
DWWULEXWH YDOXHV DW WKH QRGHV DUH HYD
HIHFXWHG 7KH WUHH LV WUDYHUVHG LQ RUGH
FRGH IRU WKH SURJU® APPKQRHHFRQGWBWHXFWFRGH
LOQVWUXFWLRQ VHTXHQFH RI WKH IROORZLQJ IF

$Q DVVLIQPHQW LQVWUXFREZKM RH |V K[HDIR® P
\ DUH WKH LGHQWLILHUV FRQVWDQWV RU W|
DULWKPHWLF RU ORJLFDO RSHUDWRU
$QRWKHU DVVLIJQPHQW []QVREEW FWHRRSB RIVWK |
D XQDU\ RSHUDWRU

&RS\ LQVWUXFWLRQV IRU FRS\LQJ WKH YDC
DQRWKHU LV UHSUHVHQWHG E\ WKH WKUHH D
7KH VHTXHQFH RI WKUHH DGGUHVV LQVWUX
OLQHDU IDVKLRQ XQWLO LW HQFRXQWHUV D
MXPSWDWHPHQW 7KH IROORZLQJ VWDWHPH
IORZ ZLWK D MXPS WR WKH VWDWHPHQWYV OD

JRWR /H[HFXWH LQVWUXFWLRQ ZLWK ODEHO /
Ll [ JRWR[/LV WUXH WKHQ H[HFXWH WKH LQV
Ll )DOVH [ IRWRYV IODVH WKHQ H[HFXWH WKF
ODEHOHG /

$QRWKHU FRQGLWLRQDO MXWPI0ORS D\WIHRRMHR) W
DSSOLHV UHODWLRQDO RSHUDWRUV VXFK D\
DQG \ ,| WKH RSHUDWRU HYDOXDWHY WR WU
/| ZLOO EH H[HFXWHG ,I QRW WKH [QVWUXFW
UHORS \ ZRWIRG/ EH H[HEXWHG

-



B3URFHGXUH FDOOV DUH LPSOHPHQWHG XVLQJ VWDWE
SDUDPDFD OO BU QFDOO ®LPQODUO\ UHWXUQV DUH
LPSOHPHQWHG XVH@/XWQEMHW B P HOKWM UHWXUQ YDOXH
RI D SURFHGXUH $V SDUW R[ WKHJBURFHGXUH FDOO S
WKH IROORZLQJ WKUHH DGGUHVV FRGHV DUH H[HFXWHG

SDUDP |
SDUDP |

«
SDUDP |
FDOO S Q

ZKHUH Q VSHFLILHV WKH QXPEHU RI DFWXDO SDUDPHWHU
FDOO
$QRWKHU NLQG RI WKUHH DGGUHVV FRGH FDQ EH WK
SRLQWHU DVVLJQPHQWY [ \ [ \DQG [ \

,Q WKUHH DGGUHVY FRGH WKHUH LV DW PRVW RQH RSHU
RI DQ LQVWUXFWLRQ $Q LQVWUXFWLRQ RI WKH IRUP
UHSUHVHQWHG LQ WHUPV RI WKH WKUHH DGGUHVV FRGH I

\W E F
\W D W
ZKHUH W DQG W DUH WZR FRPSLOHU JHQHUDWHG WHPE

DGGUHVY FRGH LV D OLQHDU UHSUHVHQWDWLRQ RI WKH V
:H DJDLQ FRQVLGHU WKH '"$* RI )LJ DQG WUDQVIRUP
FRUUHVSRQGLQJ WKUHH DGGUHVYV FRGH

W E =+ F
\W D W
\W D W
\W w G
\W w \W

7KUHH DGGUHVY FRGHVY DUH SULPDULO\ EDVHG RQ WZR P
DGGUHVVHY DQG LQVWUXFWLRQV 7KLV FRUUHVSRQGV WE
ZLWK WKH WZR FRPSRQHQWY EHLQJ LWV VXE FODVVHYV ¢
WKUHH DGGUHVVY FRGH FDQ DOVR EH LPSOHPHQWHG XV

-



ILHOGYV IRU DGGUHVVHYVY 5HFRUGYV DUH RI YI
TXDGUXSOHV

$Q LPSRUWDQW GHVLJQ LVVXH DVVRFLDWHG
DGGUHVYVY FRGHV LV WKH FKRLFH RI DOORZDEO
PXVW EH ULFK HQRXJK WR LPSOHPHQW WKH V
SLFKHU WKH RSHUDWRU VHW LW LMHUHDVLHU W
SURJUDPPLQJ ODQJXDJH FRQVWUXFW 7KLV LV
WKH FRGH JHQHUDWRU GR QRW KDYH ZRUN KI
JRRG FRGH VWUXFWXUH IRU WKHVH RSHUDWLR

4XDGUXSOHYV

7TKUHH DGGUHVV LQVWUXFWLRQV KDYH GLIIHU
WULSOHYVY TXDGUXSOHV DQG LQGLUHFW WULS
TXDGUXSOH FRQVLVWYV RI IRXU ILHOGV RSHUD!
RS ILHOG LQGLFDWHY WKH LQWHUQDO UHSUH\
WZR DUJXPHQWY DUJ DQG DUJ FRQWDLQV WK
WKH ELQDU\ RSHUDWLRQ LV SHUIRUPHG )LQDC(
WKH UHVXOW DIWHU FRPSXWDWLRQ

+RZHYHU XQDU\ RSHUDWLRQV RU FRS\ LQVWU.
IRUPDW DV WKHDUWR6IORVWDMH RWKHU RSHULI
SDUDPOQMBXPHLWKBUIJRRHHV XODRRHUHIRUH WKHYV
RSHUDWLRQV FDQ EH WUHDWHG DV WKH H[FHS
IRUPHG

/IHW XV WDNH D VHW RI WKUHH DGGWRHYWY FRGH
HTXLYDOHQW VHW RI TXDGUXSOHYV

w E £ F
w D W
\W D W
\W w G
\W w \W
UHV W

e
-
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RS DUJ DUJ UHVXOW

PLOQXVE F W
D W, w
D W W
W G w
W W w
W UHYV

)LJ 7TKUHH DGGUHVV FRGH DQG FRUUHVSRQGLQJ TXDGUXSOHYV

,Q FDVH Rl XQDU\ RSHUDWLRQ WKH DUJ ILHOG FRUUH
UHFRUG ZLOO UHPDLQ EODQN +HUH ZH KDYH FRQVLGHU
VWDWHPHQW UHV W IRU WKH VDNH Rl XQGHUVWDQGLQJ
NQRZ KRZ TXDGUXSOHV DUH JHQHUDWHG ZKHQ RQO\ RQ
LQYROYHG LQ D VWDWHPHQW

TULSOHYV

$ WKUHH DGGUHVV FRGH ZKLFK FRQVLVWYV RI WKUHH ILHC
DQG DUJ ,Q TXDGUXSOHV WKH UHVXOW ILHOG FRQWDLC
RI UHVXOW RI LQWHUPHGLDWH RSHUDWLRQV ,Q WULSC(
VSHFLILHG E\ WKH SRVLWLRQ RU YDOXH QXPEHUV RI WKt
UDWKHU WKDQ W WKH WULSOH UHSUHVHQWDWLRQ ZRXO
WKH RSHUDWLRQ DV

RS DUJ DUJ
PLQXV% &

S HV

)LJ 7ULSOHYVY HTXLYDOHQW WR TXDGUXSOHV RI )LJ

4XDGUXSOHV DUH EHQHILFLDO RYHU WULSOHV EHFDXVH
LQVWUXFWLRQV WR EH PRYHG DURXQG )RU LQVWDQFH

FRPSLOHU LQVWUXFWLRQV DUH QHHGHG WR EH PRYHG
TXDGUXSOHV LQVWUXFWLRQV GR QRW QHHG WR EH FKD(

e
el



DUH PRYHG %XW ZLWK WULSOHV WKH RSHU
SRVLWLRQV 7KHUHIRUH PRYLQJ DQ LQVWUXF
DOO UHIHUHQFHV WR WKRVH RSHUDWLRQV 7
UHIHUHQFHYV GRHV QRW RFFXU ZLWK LQGLUHFW

,QGLUHFW 7ULSOHYV

,QGLUHFW WULSOH LV DQ HQKDQFHPHQW RYI
FRQVLVWY RI D OLVW RI SRLQWHUV WR WUL
WKHPVHOYHV W LV EDVLFDOO\ IKRSBHRWQWHG
WR WKH OLVW RI SRLQWHUV WR WULSOHV 7
SRLQWHUV DUH XVHG WR VWRUH UHVXOWYV
RSWLPL]JLQJ FRPSLOHU WR PRYH DURXQG WKH |
GR LW VLPSO\ E\ UHDUUDQJLQJ WKH DUUD\ D
WULSOHV WKHPVHOYHV 7KH WULSOHV RI ILIJXU
LQGLUHFW WULSOHYV DV IROORZYV

)LJ ,QGLUHFW WULSOHY HTXLYDOHQW WR WUL

&+(&. <285 352*5(66 ,,,

%RWWRP XS SDUVH FRUUHVSRQGYVY WR BBBBBBBBBB|
,Q DQ 6 DWWULEXWHG 6'" WXRIGHW VDWLHE KW Bl @ XmIWSHX
D BBBBBRUGHU
, QWHUPHGLDWH UHSUHVHQWDWLRR HONM WIR HDV\
WUDQVODWH LQWRBBBBBBBB
+LJK OHYHO UHSUHVHQWDWLRQYVY DUH FORVH WR WHK
/IRZ OHYHO UHSUHVHQWDWLRQV DUH FORIVH WR WKFHE
6\QWD[ WUHH ZKLFK GHSLFWV WKH BBBBBBBBBBBBB
$ 'LUHFWHG $F\FOLF *UDSK WBBHRFWRUHOQPLIQDWE
H[SUHVVLRQ
$ BBBBBBBBBBBBBBBFRQVLVWY RI IRXU ILHOGYV
BBBBBBBBBBFRQVLVWY RI D OLWW RIWKRIL QWHEVHW I
WKHPVHOYHV

e
-
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6800,1* 83

$ VIQWD[ WUHH LV D GDWD VWUXFWXUH LQ ZKLFK WK
UHSUHVHQW WKH RSHUDWLRQV DQG OHDI QRGHV UHSU
7KH SDUVHU SURGXFHV V\QWD[ GLUHFWHG WUDQVODYV
ILQGLQJ VIQWD[ HUURUYV
7KH VHPDQWLF UXOHV DUH DVVRFLDWHG ZLWK SURGXF\
6\QWD[ GLUHFWHG GHILQLWLRQ 6\QWD[ GLUHFW
7KH V\QWD[ RI D ODQJXDJH FRUUHVSRQGYV WR WKH IRUF
SURJUDP KDV WR EH ZULWWHQ
6\QWD[ LV SULPDULO\ VSHFLILHG E\ WKH &RQWH[W )U
&)* $SDUW IURP VSHFLI\LQJ WKH V\QWD[ RI D ODQJX
DOVR KHOSV LQ JUDPPDU RULHQWHG FRPSLOLQJ WHF
6\QWD[ GLUHFWHG WUDQVODWLRQ 6\QWD[ GLUHFWHG
JHQHUDOL]JHG IRUP RI D FRQWH[W IUHH JUDPPDU
(DFK JUDPPDU V\PERO KDV DQ DVVRFLDWHG VHW RI D!
DWWULEXWH RI D SDUVH WUHH QRGH FRUUHVSRQGV W
W\SH RU PHPRU\ ORFDWLRQ HWF $WWULEXWHV PLJKW L
RI H{TSUHVVLRQV ORFDWLRQ RI WKH ILUVW LQVWUXFWL
FRGH DQG WKH QXPEHU RI LQVWUXFWLRQV LQ WKH J
$WWULEXWHYV DUH IXUWKHU FODVVLILHG LQWR V\QWKH
DWWULEXWHYV
$ SDUVH WUHH ZKLFK FRQWDLQV WKH YDOXHV RI DWWU
RI WKH SDUVH WUHH LV WHUPHG DV DQQRWDWHG SDUYV
WKURXJK ZKLFK WKHVH DWWULEXWH YDOXHV DUH FRF
DQQRWDWLQJ RU GHFRUDWLQJ WKH WUHH
6\QWKHVL]HG DWWULEXWH IRU D QRQ WHUPLQDO DW D
EH GHILQHG E\ WKH DWWULEXWH YDOXHV RI WKH FKLO
LWVHO!I ,QKHULWHG DWWULEXWH IRU D QRQ WHUPLQDC
LV GHILQHG E\ WKH DWWULEXWH YDOXHV RI LWVHOI
VLEOLQJV

e
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6RPHWLPHY SURJUDP IUDJPHQWY DUH QHHG
SURGXFWLRQYV ERG\ ,W LV WHUPHG DV VHP
RI VHPDQWLF DFWLRQ LV VKRZQ LQ EHWZHHC
SURGXFWLRQYTV ERG\ 7KH DFWLRQV DUH DV
LQWHULRU QRGH XVLQJ D GDVKHG OLQH

UHSUHVHQWHG ZLWKLQ FXUO\ EUDFNHWYV

$ GHSHQGHQF\ JUDSK GHSLFWV VXFK IORZ R
DWWULEXWH LQWR DQRWKHU LQ D SDUVH WU
LQWR DQRWKHU PHDQV WKDW WKH YDOXH

FRPSXWH WKH VHFRQG $ GHSHQGHQF\ JUDSK
RUGHU Rl HYDOXDWLRQ RI DWWULEXWHYV DW
W UHH

,Q DQ 6'" LI HYHU\ DWWULEXWH LV V\QWKH
DWWULEXWHG GHILQLWLRQ ,Q DQ 6 DWWULL
SDUVH WUHH QRGHV DUH HYDOXDWHG LQ D E
KDQG LQ DQ / DWWULEXWHG 6" WKH HGJHV
FDQ JR IURP OHIW W ULJKW EXW QRW IURP Ul
$ FRPSLOHU PD\ FUHDWH D VHTXHQEFH

UHSUHVHQWDWLRQV ZKLOH WUDQVODWLQJ
UHSUHVHQWDWLRQ 7KHUHIRUH WKH UHSUH
SURGXFH DQG DOVR HDV\ WR WUDQVODWH LQ
$Q DEVWUDFW V\QWD[ WUHH $67 LV D KLH
UHSUHVHQWY WKH VRXUFH SURJUDP FRQVW
OHYHO LQWHUPHGLDWH UHSUHVHQWDWLRQ
UHSUHVHQWY DQ RSHUDWRU DQG HDFK FK
RSHUDQG RI WKH RSHUDWRU

$ 'LUHFWHG $F\FOLF *UDSK RU '$* LQ VKRU
LQWHUPHGLDWH UHSUHVHQWDWLRQ ,W LG
H[SUHVVLRQV RFFXUULQJ LQ DQ H[SUHVVLRQ
$ WKUHH DGGUHVV FRGH LV D OLQHDU UHS
LQWHUPHGLDWH FRGHV 7KUHH DGGUHVV ER
WZR PDMRU FRPSRQHQWY DGGUHVVHV DQ

—
-
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DGGUHVV FRGHV DUH RI YDULRXV W\SHV LQGLUHFW W
TXDGUXSOHYV

$ TXDGUXSOH FRQVLVWV RI IRXU ILHOGVY RSHUDWRU
UHVXOW 7KH RS ILHOG LQGLFDWHV WKH LQWHUQDO U
RSHUDWLRQ 7KH WZR DUJXPHQWV DUJ DQG DUJ FRQ!
RSHUDQGV RQ ZKLFK WKH ELQDU\ RSHUDWLRQ LV SHUI
UHVXOW ILHOG FRQWDLQV WKH UHVXOW DIWHU FRPSXW
,Q WULSOH D WKUHH DGGUHVV FRGH ZKLFK FRQVLVWV
RSHUDWLRQ DUJ DQG DUJ 7KH UHVXOW ILHOG LV V.
SRVLWLRQ RU YDOXH QXPEHUV Rl WKH RSHUDWLRQ
,QGLUHFW WULSOH LV DQ HQKDQFHPHQW RYHU WULSO
FRQVLVWVY RI D OLVW RI SRLQWHUV WR WULSOHV UDW
WKHPVHOYHV ,W LV EDVLFDOO\ LPSOHPHQWHG XVLQJ
SRLQW WR WKH OLVW Rl SRLQWHUV WR WULSOHYV

$16:(56 72 &+(&. <285 352*5(66

LQWHUPHGLDWH FRGH
ILQODO FRGH

VIQWKHVL]HG LQKHULWHG

GHSHQGHQF\ JUDSK

7KH SURFHVV WKURXJK ZKLFK WKH DWWULEXWH YDOX
WUHH QRGH DUH FRPSXWHG LV FDOOHG DQQRWDWLQJ
W UHH

&KLOGUHQ

3DUHQW

DWWULEXWHYV

VIQWKHVL]HG DWWULEXWH

DWWULEXWHYV

GRWWHG OLQHYV

SRVWRUGHU

ERWWRP XS

WDUJHW FRGH

VRXUFH FRGH

WDUJHW FRGH

KLHUDUFKLFDO VWUXFWXUH

FRPPRQ VXE H[SUHVVLRQ

e
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TXDGUXSOH
,QGLUHFW WULSOHYV

3266,%/( 48(67,216

$ 6KRUW DQVZHU W\SH TXHVWLRQV

'KDW LV &RQWH[W )UHH *UDPPDU"

‘KDW GRHV WKH VHPDQWLFV RI D ODQJXDJ}
‘KDW LV VI\QWD[ GLUHFWHG GHILQLWLRQ" (|
‘KDW GRHV WKH DWWULEXWH RI D QRGH UH
'LVFXVV WKH VLJQLILFDQFH RI XVLQJ VHPEL
GLUHFWHG GHILQLWLRQ

‘KDW GR \RX XQGHUVWDQG E\ VHPDQWLF DI
‘KDW LV GHSHQGHQF\ JUDSK" $QVZHU LQ ELI
'LVFXVV 6 DWWULEXWHG DQG / DWWULEXWHF
+RZ GRHV LQWHUPHGLDWH FRGH SOD\ FUXF
FRPSLODWLRQ SURFHVV"

"KDW LV VIQWD[ WUHH" 'LVFXVV

"ULWH GRZQ WKH IXQFWLRQV SHUIRUPHG E
ORZ OHYHO LQWHUPHGLDWH UHSUHVHQWD\
‘KDW LV DEVWUDFW V\QWD[ WUHH" ([SODLQ
'KDW LV 'LUHFWHG $F\FOLF *UDSK" ([SODLGC
'HVFULEH WKH LPSOHPHQWDWLRQ VWUDWH
'HVFULEH WKH LPSOHPHQWDWLRQ VWUDWH
'HVFULEH WKH LPSOHPHQWDWLRQ VWUDWH
'"HVFULEH ZK\ TXDGXSOHYV DUH EHQHILFLDC

IRQJ DQVZHU W\SH TXHVWLRQV

:KDW LV V\QWD[ GLUHFWHG GHILQLWLRQ"
IRUPV RI VIQWD[ GLUHFWHG GHILQLWLRQV
'LVEXVV WKH VIQWKHVL]HG DQG LQKHULWH
:KDW GR \RX XQGHUVWDQG E\ V\QWD[ GL
([SODLQ HODERUDWHO\ ZLWK H[DPSOH
&RQVLGHU \RXU RZQ VHW Rl V\QWD[ GLUHF'
VKRZ KRZ WUDQVODWLRQ RI DQ H[SUHVVLR
GHILQLWLRQ

:KDW LV GHSHQGHQF\ JUDSK" '"HVFULEH KR:
EHWZHHQ D SDLU Rl DWWULEXWHYV

e
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:KDW DUH WKH SUHUHTXLVLWHY RI GHULYLQJ DWWULE
| DWWULEXWHG GHILQLWLRQ"

:KDW DUH WKH FRPPRQ IRUPV RI LQWHUPHGLDWH FRG
HDFK RI WKHP

'"HVFULEH KRZ 'LUHFWHG $F\FOLF *UDSKV DUH FRQVWL
:KDW DUH WKUHH DGGUHVYV FRGHV" :KDW DUH WKH GL
RI WKUHH DGGUHVV FRGHV" "HVFULEH

:KDW DUH WKH GLITHUHQW W\SHV Rl WKUHH DGGUHVV
HDFK RI WKHP

5()(5(1&(6 $1' 68**(67(' 5($',1*6

%HUJPDQQ 6 &RPSLOHU GHVLJQ WKHRU\ WR
H[DPSOHYV

7KDLQ , QWURGXFWLRQ WR FRPSLOHUV DQG
GHVLJQ /XOX FRP

+ROXE $ &RPSLOHU GHVLJQ LQ & SS , ;9,,

(QIOHZRRG &OLIIV 1- 3UHQWLFH +DOO
$KR $ 9 /DP O 6 6HWKL 5 DPS 800OPDQ -
&RPSLOHUV SULQFLSOHV WHFKQLTXHV DQG WRROV 6H

-
-_—

—_—

e
el



81,7
,17(50(",$7( &2'( *(1(5%$7,21

8QLW 6WUXFWXUH

,QWURGXFWLRQ

8QLW 2EMHEWLYHYV

,QWHUPHGLDWH 5HSUHVHQWDWLRQ
6WDWLF &KHFNLQJ DQG )RUPV RI

5HSUHVHQWDWLRQ

$UUD\V
7UDQVODWLRQ RI $UUD\ 5HIHUHQFHYV

)ORZ Rl &RQWURO 6WDWHPHQWYV
%RROHDQ ([SUHVVLRQV

6ZLWFK 6WDWHPHQW

)XQFWLRQV

6XPPLQJ 8S

$QVZHUV WR &KHFN <RXU 3URJUHVV

3RVVLEOH 4XHVWLRQV

5HIHUHQFHYV DQG 6XJJHVWHG 5HDGLQJV

,1752'8&7,21

7KH DQDO\VLV VIQWKHVLVY PRGHO RI D FRPSL
ODQJXDJH SURJUDP LQWR DQ LQWHUPHGLDWFE
UHSUHVHQWDWLRQ LV IHG LQWR WKH FRGH J
JHQHUDWH WKH WDUJHW FRGH 7KHOYURQW H
FRQVLVWV Rl OH[LFDO DQDO\VLV W\R@®[ DQD
LQWHUPHGLDWH FRGH JHQHUDWLRQ SKDVHV

FRQVLVWV Rl FRGH RSWLPL]DWLRQ DQG WDU.J
7KHUH DUH D YDULHW\ RI IRUPV WKDW DQ LC
PLJKW EH LQ :H DOUHDG\ KDYH JRW WR VWXG\
RQH RI VXFK IRUPV ,W LV FRPPRQO\ XVHG GXU
DQDO\VLV &RPSLOHUV JHQHUDOO\ SURGXFH

UHSUHVHQWDWLRQ ,Q WKH SUHYLRXV XQLW Z

e
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OHYROP RI LQWUHSUHVHQWDWLRQ 7KUHH DGGUHVV FRG
FRQWDLQV DW PRVW WKUHH RSHUDQG

DWWHPSWV WR LPSURYH WKH LQWHL
WDUJHW KIRGH WV RGRUWHU FRQVXPHV OHVV UHVRXUFHV LC
ZHOO DV PDFKLC ,Q WKLV XQLW ZH VKDOO WU\ WR FRQV\
WH LQWHUPHGLDWRI GLITHUHQW W\SHV RI SURJUDPPLQJ
ODQJXDJH FRQVWUXFWV OLNH FRQG

IXQFWLRQV B/QK[ RQAWHUHQ

81,7 2%-(&7,

$IWHU JRLQJ WKURXJK WKL

x

.QRIVKH FRQFHSWV EHKLUHSUHVHQWDWLRQ
DQG LWV GLI|

/JHDUQ DERXW DUUD\V DQ

.QRZ DERXW GLI FRQWURO VWDWHPHQWYV
/JHDUQ WKH WUDQVODWLRQ V

/JHDUQ WKH WUDQVOD FDVH VWDWHPHQWYV
/JHDUQ WKH WUDQVODWL

X X X X X

,17(50(',$7( 5(35(6(17%7,

7KH LOQWHUPHGLDWH UHSUHVHQWDWL
HQG RI WKH FRPSLOHU 7KH VRXUFH

DQDO\WLV V\QWD[ DQDO\VLV DQGFWHRA

7KH RXWSXW RO VOIPWRYWNMDQ LQWHUPHGLDWH FRGH
JHQHUDWLRH SIOOWHHUPHGLDWH FRGH)

KLJK OHYHO DQG ORZ OHYHO +LJKRX

FRGH 7KH\ DUH

liste | | Lowlevel Intermediate | |

—
| H Representation | Target Code

)LJ 7\SHV RI LQW}
6RXUFH &RBSLQHRHUS/OHV 77RROV E\ $KR /DP 6HWKL
800OPDQ

td
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6WDWLF FKHENLQJ $QG JRUPYV R
SHSUHVHQWDWLRQ

'XULQJ DQDO\VLV SKDVH RI D FRPSLOHU WKH ¢
SODFH EHWZHHQ WKH 3DUVHU DQG ,QWHUPHG
SKDVH PDLQO\ GRHV W\SH FKHFNLQJ DQG FKHF
FRPSDWLEOH ZLWK RSHUDQGVY 6WDWLF FKHFN
EH GHWHFWHG DQG UHSRUWHG 6WDWLF FKHFU
WKH FRGHVY ,W WULHV WR GHWHFW SURJUDPPL
UDWKHU WKDQ UXQ WLPH B6WDWLF FKHFNLQJ |
ZD\V 6\QWDFWLF &KHFNLQJ DQG 7\SH &KHFNLQ

X 6\QWDFWLF MmWWWMPEWYV WR FKHFN ZKH
VWDWHPHQWY RI D SURJUDP IROORZ WKH
7KLV PLIKW LQFOXGH UXOHV IRU GHFODUD
FKDUDFWHUYVY DOORZHG GXULQJ WKH GHFO!
RI EUDFHV LQ GLIITHUHQW FRQWURO VW
SHUPLVVLEOH XVDJH RI NH\ZRUGV HWF

X 7\SH FKHFHMQQ3UHV WKDW DQ RSHUDWRU
DSSOLHG WR WKH FRUUHFW RSHUDQG W\S|
RI RSHUDQGY +RZHYHU LQ VRPH ODQJXDJ
QHFHVVDU\ ITURP LQWHJHU WR UHDO

,Q WKH SUHYLRXV XQLW ZH OHDUQWHDERXW W
FRGHYV

X TUHHV ZKLFK LQFOXGH SDUVH WUHHV RU 3
VLPSO\ $67 6\QWD[ WUHHV DUH WKH KLH
FRQVWUXFWHG GXULQJ WKH SDUVLQJ SKD'
SKDVHV SURFHHG LQIRUPDWLRQ LV DGGH
IRUP RI DWWULEXWHYV $ 'LUHFWHG $F\FOlI
YDULDQW RI WKH V\QWD[ WUHH ZKLFK LGH
HI[ISUHVVLRQV

Xx /ILQHDU UHSUHVHQWDWLRQ ZKLFK LQFOX
FRGHV 7KH\ FRQWDLQ FRGHV KDYLQJ DW F
ORQJ VWDWHPHQW LV EURNHQ LQWR VPD(
DGGUHVV FRGHV 7KHVH FRGHV DUH H[HFX
+RZHYHU IRU ORRSLQJ VWDWHPHQWY WK
DQG MXPS LQVWUXFWLRQV WR UHSUHVHQW
DGGUHVV FRGHV DUH HIILFLHQW IURP WK
SHUIRUPLQJ RSWLPL]DWLRQ GRLQJ FRG



GHEXJJLQJ WUDQVODWLRQ IURP RQH ODQJXDJH LQWI
GR QRW KDYH DQ\ KLHUDUFKLFDO VWUXFWXUH

&+(&. <285 352*5(66 + ,
BBBBBBBBBBB FRQWDLQV DW PRVW WKUHH RSHUDQ
BBBBBBBBBB DWWHPSWV WR LPSURYH WKH LQWF
FRGHV IRU SURGXFLQJ EHWWHU WDUJHW FRGHV
:KDW DUH WKH WZR W\SHV RI LIQWHUPHGLDWH FRG#
7KH ILQDO SKDVH RI WKH IURQW HQG FRPSLOHU
LQWHUPHGLDWH FRGH JHQHUDWLRQ 6WDWH ZKHYV
IDOVH
7KH BBBBBB SKDVH WDNHV SODFH EHWZHHQ WKH 3
,QWHUPHGLDWH &RGH *HQHUDWRU
7ZR ZD\V Rl VWDWLF FKHFNLQJ BBBBBBBBBBB I
BBBBBBBB
7UHH UHSUHVHQWDWLRQ LV OJQHDU UHSUHVHQWD
RU )DOVH

'$* DQG WKUHH DGGUHVV FRGHV KDYH EHHQ GLVFXVVHG
XQLW 7KH\ FDQ EH FRQVWUXFWHG SDUDOOHO\ E\ JHQHUI
FRGHY DW HDFK QRGH RI WKH V\QWD[ WUHH 7KH FRPSLOF
WKHLU DWWULEXWHY DV ZHOO DV WKW GDWD VWUXFWXUH
VLIQLILFDQW IURP WKH SRLQW WKDW WKH FRPSLOHU FD
UHTXLUHG IRU FRQVWUXFWLQJ V\QWD[ WUHH DV ZHOO DV

1RZ OHW XV WU\ WR FRQVWUXFW WKH LOQWHUPHGLDWH U
YLWDO FRPSRQHQWYV RI D SURJUDPPLQJ ODQJXDJH

$55%$<6

$UUD\V DUH WKH GDWD VWUXFWXUHV RKLFK VWRUH GDWL
PHPRU\ ORFDWLRQV 7KH\ VWRUH WK VLPLODU W\SH RI (
DUUD\ $ RI OHQJWK Q LV VWRUHG LQ Q FRQWLJXRXV ORF
VWDUWLQJ IURP WR Q .| WKH ZLGWK RI HDFK HOHPHQ\
bDuub\ HOHPHQW VWDUWY IURP ORFDWLRQ



EDVH L1 Z EDVH EHLQJ WKH UHODWLYH DG(

7R FDOFXODWH WKH UHODWLYH DGIGHUHY W RI W
EHLQJ HOHPHQWURZXP®HW RRWPXOD ZRXOG EH

EDVH L Mzi Z

+HUHLVY WKH ZLGWK RLWKMWKHR~A®GWK Bl DQ HOH
WKH URZ

7KHUHIRUH IRU DQ Q GLPHQVLRQDO DUUD\ WKt
EDVHT Z L1 Z LT1Z « ol 3

$OWHUQDWLYHO\ WKH UHODWLYH D&GUHVV RI
WHUPV RI WKH QXP EHWDR Q¥ 8RR YMRQ QR1 WKI
DUUD\ DQG Z EHLQJ WKH ZLGWK RI HBEFK HOHPF
WKH IRUPXOD ZKLFK FDOFXODWHV WKH UHODW
ZRXOG EH

EDVH wLN Q Z

6LPLODUO\ IRUDQ Q GLPHQVLRQDO DUUD\ WK
DUUD\ DGGUHVV ZRXOG EH

EDVH dQLLTQL« 1TgQo 12

$GGUHVVHYVY RI HOHPHQWYV RI D PXOWWHEEPHQVL
GXULQJ FRPSLOH WLPH %XW IRU WKLV WR KDS
+RZHYHU ZKHQ WKH DUUD\ LV G\QDPLF DGGUL
GRQH GXULQJ FRPSLOH WLPH

7UDQVODWLRQ RI $UUD\ 5HIHUHQFHV

*HQHUDWLRQ RI FRGHV IRU DQ DUUD\ UHIHUHQT
QHHG WR DVVRFLDWH DQ DUUD\ QDPRQ@LWK D \
WHUPLQDO / 7KHUHIRUH / FDQ EH RI WKH IROC

I+l >(@ _ LG >(@

7KH WUDQVODWLRQ VFKHPH IRU YDULRXV H
UHIHUHQFHV KDV EHHQ ZULWWHQ EHORZ 7KL
DGGUHVV FRGHV ZLWK SURGXFWLRQV DQG WK
DFWLRQV
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6 : LG ( A JHQ WRS JHW LG OH[HPH p 1
( DGGU

_/ ( "~ JHQ / DUUD\ EDVH p>7 / DGGU u¢
LY (DGGU °

(:( ( ~(DGGU QHZ 7HPS

JHQ ( DGGUDG ®U(
LY ODGGU °

_ LG ~(DGGU WRS JHW LG OH[HPH
/] ~"(DGGU QHZ 7HPS

JHQ ( DGGU T
/ DUUD\ EDVH p>7 / DGGU p@ 7T

/I LG > ( @ ~/ bDuub\ WRS JHW LG OH[HPH

[ W\SH
/ DUUD\ W\SH HOHP

/| DGGU QHZ 7HPS

JHQ / DGGU p § ( DGGU
WY/ W\SH ZLGWK °

>/(@ ~/ DDWD)\/
/ W\SH WASH HOHP
W QHZ 7HPS
/| DGGU QHZ 7HPS

JHQ W p T (DGGU pun ¥
[/ W\SH ZLGWK

JHQ / DGGUD@G ®U/
pTw o
)LJ 7UDQVODWLRQ UXOHV IRU $UUD\V

6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFRRWKAHY 7RROV E\ $KR /DP
800OPDQ



/| DUUD\ GHQRWHYV D SRLQWHU WR WKH V\PERC(
QDPH 7KH EDVH DGGUHVV RI WKH DUUD\ LV G
GHWHUPLQHY WKH DFWXDO O YDOXH RI WKF
GHWHUPLQHV WKH W\SH RI WKH VXE DUUD\ J
LPSRUWDQW DQG XVHG DV DWWULEXWH VLQFH
FKHFENLQJ $VVRFLDWHG ZLWK HDFK W\SH WK
/| bGGU GHQRWHYVY D WHPSRUDU\ WKDW LV XVHC
IRU WKH DUUD\ UHIHUHQFH GXWLQJ VXPPDWLRC

7KH SURGXFWLRQ 6 : LG ( GRHV DVVLIJQPHQW
SURGXFWLRQ 6 : / ( FUHDWHY DQ LQGH[HG F
DVVLIQV WKH YDOXH RI H[SUHVVLRQ ( WR WKI
DUUD\ UHIHUHQFH / 6LPLODUO\ WKH SURGXFW
WR FRS\ WKH YDOXH IURP ORFDWLRQ / LQWR D

y/2: 2) &21752/ 67$7(0(176

7UDQVODWLRQ RI ERROHDQ H[SUHVVLRQV PHD
VXFK DV LI LI HOVH DQG ZKLOH 7KHVH HI[S
FRQGLWLRQDO VWDWHPHQWY WKDW FDQ DOV
H[SUHVVLRQ LV HYDOXDWHG ILUVWHDRBW.| LW |
RI VWDWHPHQWY DUH H[HFXWHG 2WKHUZLVH

RWKHU VHTXHQFHV RI LQVWUXFWLRQV 6LQFH
LQ HLWKHU WUXH RU IDOVH LW LV DQDORJRX
XVLQJ WKUHH DGGUHVV FRGHV ZLWK ORJLFDC
PLJKW KDYH WIKBUMHFWRUBI LW 6XFK H[SUHVV
WKH IORZ Rl FRQWURO WR VRPH RWKHU SRLQW
WKH H[SUHVVLRQ WR VRPH ORJLFDO YDOXH

%RROHDQ ([SUHVVLRQV

%RROHDQ H[SUHVVLRQV DUH FRPSRVHG RI ER
$1° 25 _ _ DQG 127 HPSOR\HG EHWZF
FDOOHG ERROHDQ YDULDEOHV RU UHODWLRQD
FRQVLGHUHG DV XQDU\ RSHUDWRU DQG $1' D
UHODWLRQDO H[SUHVVLRHIDZ KHUHDRIGIKH IRUP |
DULWKPHWLE H[SUHVVLRQV DQG UHO FRUUHVS
VXFK DV I RU ! 7KH IROORZLQJ JU
ERROHDQ H[SUHVVLRQV

% : % _ %% % % % _ (UHO ( _ WUXF
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,W LV DOUHDG\ NQRZQ WR XV WKDW DQ p_ _T RSHUDWRU 1
% HYDOXDWHYV W RRWMUXKYD DIXIDWWHWHW RoWUXH 6LPLODUO\ W
HISUHVVLRQ AN YDOXDWHYVY WR IDORH %WV HLWKHU RI %

HYDOXDWHV WR IDOVH G6RPHWLPHWXMX LV SRVVLEOH W
YDOXH RI WKH ZKROH H[SUHVVLRQ VLPSO\ E\ FRPSXWLQJ
RI RQO\ D SRUWLRQ RI WKH H[SUHVVHRQ 7KLV IDFLOLW\ L
WR RSWLPL]H WKH HYDOXDWLRQ RI ERROHDQ H[SUHVVLRQ

7KH IROORZLQJ JuDPPDU JHQHUDWHYV WKUHH DGGUHVV
FRQWURO VWDWHPHQWYV

6 : LI % 6
6 : LI 9% OVH 6
6 : ZKLOH % 6
% UHSUHVHQWY D ERROHDQ H[SUHVVLRQ DQG 6 LV D QRQ

7KHUH LV D VIQWKRGIHHGE QMO LREXEWRMWK % DQG 6 7KLV
LV UHTXLUHG IRU WUDQVODWLRQ LQWR WKUHH DGGUHVYV
LQ 6 : LI 9WKH WUDQVODWLRQIBERORZARDELVWYV RI %
6rron,] % LV WUXH FRQWURO SDVVHN¥sWR WKH ILUVW LQV
2WKHUZLVH FRQWURO IORZV WR WKH LQVWUXFWLRQ Z
IROORZR¥HBKLY LV GHSLFWHG DV WKH IROORZLQJ ILIJXUH

)LJ D &RQWURO IORZ XVLQJ LI FRQGLWLRQ
6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFERWKXHVY 7RROV E\ $KR /DF
800OPDQ
)LJ E LOOXVWUDWHYV IORZ RI FRQWURO RI VWDWHPF

FRQGLWLRQ 7KHUH LV D ODEHO IRU WKH MXPS LQVWUXFW
YowuxP QGoIPHIJH DVVRFLDWHG ZLWK WKH ERROHDQ H[SUHVYV

-



LQKHULWH Go p@WMQURWNHKWHVEBH ODEHO IRU WKH L
LPPHGLDWHO\ IROORZV WKH FRGH IRU 6

yLJ E &RQWURO IORZ XVLQJ LI HOVH FRQGL
6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFERWKXHYV 7RRC

8OOPDQ

6LPLODUO\ ILJXUH F VKRZFDVHV WKH FR
ZKLOH VWDWHPHQW 7YKHUH DUH BMWRZRROBDRHOV
HISUHVVLRQ % ,1 % LW WUKH[FRSWMG. Q2WKHU
FRGHV JoQ%H H[HFXWHG 7KHUH LV DQRWKHU
EHILQQLQJ RI WKH ORRS 7KH ORRS LV H[HFXW
WR WKH ODEHO EHJLQ

)LJ F &RQWURO IORZ XVLQJ ZKLOF
6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFKQLTX

/IDP 6 HWKL 80OOPDQ

7KH V\QWD[ GLUHFWHG GHILQLWLRQ IRU WKH
EHHQ PHQWLRQHG EHORZ
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3 :6 0P wWQHZODEHO

RRGH & RrRcHOD B Qw
DVVLIQcH DBV RIR
LI % 6 uxrQHZODEHO
IBovHboH[w G H[W
ron PrcHOD BPAVOxy EFrRGH
6 : LI YWHOWVH 6 %UuxrQHZODEHO
BoviQHZODEHO
&Hiw BoHiw GHIw
FRor %RrGH
ODPBPROxu _
6 FrGH
_ JHQ pJRWRT
6oHiw
_ ODPALRVH
_ &rcH
6 : ZKLOH % 6 EHJILQ QHZODEHO
wxHQHZODEHO

190 v HQ H W
AHwEHILQ
PrRcHODHEHHHI L Qrrgy YO DVokiO %
_ _rReyJHQ
MIJRWRY EHJILQ
6 : 66 GHwQHZODEHO
FHiw GQHIw
&rcHOFRcHOD BOHLQA[W. _ER®GH
)LJ 6\QWD[ GLUHFWHG GHILQLWWR/Q IRU IORZ FRQWURO VWDMW
6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFE&IQWEKXHYV 7TRROV E\ $KR /DF

800PDQ

7R FUHDWH D QHZ ODEHO WKHRPHDAEMHIDEH O LV FDOOHG
DWWDFKHV WKH ODEHO / WR WKH KQH[W WKUHH DGGUH\
VHPDQWLF UXOH DVVRFLDWHG ZLWWRURGXFWLRQ 3 : 6 LC
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QHZ ODEHO fhJBEIRIDULOMEBRRIORZHG EAWDEHO 6
7KH QH[W SURGXFWLRQ VLPSO\ DVVLJQV WKH
DVVLIQrkQWR 6

7KH WUDQVODWLRQ RI SURGREFW\LRQHDOWHN D%O
%wuxk KH WKUHH DGGUHVYVY FRGH DWWDFKHV LW
VWDWHPHHNFR QWU R&, (wID% VIHWD W RDONHY WR IDO

'XULQJ WUDQVODWLRQ RI WKHYWEP®ORRWHRW 6
MXPSV WR WKH ILUVW LQVWU X% WHRN X ORN WIK@! K
2WKHUZLVH FRQWURO SDVVHV WR X\WJWKHKHWVW |
FRQWURO IORZVDIQQEWHRE RWKKI 6VKUHH DGGUHVV
ZKLFK LPPHGLDWHO\ IROORZV WKH FRGH IRU 6

7TKH FRGH IRU 6 @ ZKQK\OHV DWYDWBLDEOH EHJLQ
DFWXDOO\ D QHZ ODEHO DWWDFKHGUWW WKH
LOQVWUXFWLRQ RI % IRU ZKLOH VMWRBRIMMHNPWHQW 7
WKH LQVWUXFWLRQ WR ZKLFK WKH FRQWURO
IDOVH 7KHPHHR WH YWAPWIRE 61/Q 3R L Q W VL WRWW K H
LOQVWUXFWLKRHQ RVBWHPHQW JRWR EHJLQ FDXVH
LQVWUXFWLRQ RI ERROHDQ H[SUHVVLRQ %

)LQDOO\ WKH FRGH FRUUHVSRQGERQWLRWAKH ¢
RI WKH FRGROIRRZEG E\ WKRKFHRAK VRUL®VW U X|
IRU FRGHPPBHGLDWHO)\ IROORZV WKH7OBVW LQ\
LQVWUXFWLRQ DIWHUWKKHLBRGH XEWIBRQ DIWH
6

6LPLODUO\ ERROHDQ H[SUHVVLRQV FDQ EH W
LQVWUXFWLRQV 7KH\ DUH HYDOXDWHG DQG D

XVLQJ WZR ODEHOV EDVHREREIWY WUXWK YDO
% : %_ % %vu x H U X H

%poviQHZODEHO

% U x HA U X H
%p ovH%D o vH
YroH YrrcHOD EPbQovi. Er¥H
% % % %vuxHQHZODEHO

Y% ovH¥poVH

-



Yow u x HA U x H
%ipovH#DoVH
% reoH YrrcHOD EPO@WuxH_ Er%H
% : % %v ux HD oV H
%0 ovHA UXH
YrcH YrRrGH
% : (UHO ( %roH ( FrRGH _FHAGH

_ JHQLIYpdcdWHO RS
( pcduwW RWWR%H%

_JHQJRWRdv 0

% : WUXH JoH R & MAR% 1%
% : IDOVH % HFRIARWW, Rdlv 190
)LJ 6\QWD[ GLUHFWHG GHILQLWLRQ IRU ERROHDQ VWDWHPH
6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFERWKXHVY 7RROV E\ $KR /DF
800OPDQ

7TKH SURGXFWLRIQO®WY/ : GLUHFWO\ WUDQVODWHG LQWR D W
DGGUHVYV LQVWUXFWLRQ ZLWK FRPSDULVLRQ RSHUDWLRQ
D E WKHQ LW LV WUDQVODWHG LQWR WKH IROORZLQJ |

LI D EwWRMR %

JRWR %oH

,W LV DOUHDG\ PHQWLRQHG WKDW WKHWSURGXFWLRQ RI W
GRHV QRW UHTXQGMRERMVKIY®D OXDWHG HYHU\ WLPH LQ RUC
WR GHULYH WKH ERROHDQ YDOXH RUV% 5DWKHU WUXW
VRPHWLPHYV VXIILFLHQW WR JDM/K WW XHK Ho RIXW S XW RI %
WUXH %XW LI LW LV IDIOMAH WRKHEIQ PDVGKIHEN ‘R Q %

WUXH % LV WUXH 2WKHUZLVH % LV IDOVH

7TKH WUDQVODWEBRBRHRYVI®LODU LQ WKH SURGXFWLRQ % :
%

7TKH WUXWK YDOXH KV % GX\SHKOQUEIXOWKB X% %o LV
IDOVH 2WKHUZLVH % LV WUXH

-



7TKH FRGH WR WUDQVODWH WKH FRMRVHDLDOQWYV W
D Q Gp & H

6:,7&+ 67$7(0(17

7KH VZLWFK FDVH VWDWHPHQW LV FBRPRQO\ LC
ODQJXDJHVY OLNH & & HWF 7KHUH GW D VZLWI
WR EH HYDOXDWHG 7KH RXWSXW FRQVLVWYV
FDVHV +RZHYHU VZLWFK VWDWHPHQW LQFOX
DOzZD\V GRHV VRPHWKLQJ LI QR RWKHU YDOX
JHQHUDO VWUXFWXUH RI D SURJUDP LQYROYL
JLYHQ EHORZ

VZLWFK H[SU
N
FDVHe6Y
FDVH Y

K KL

FDVH %
GHIDX%OW 6

)LJ 6WUXFWXUH RI D VZLWFK FDVH SURJUD

([SUHVNLRU) HYDOXDWHG ILUVW 7KHQ WKH OL
UHVSHFWLYH YDOXHV IRU WKH H[SUHVVLRQ L
DJDLQVW FDVH PDWFKLQJ WKH H[SUHVVLRQ LV
RI WKH FDVH YDOXHV PDWFK ZLWK WKH H[SUH
FKRVHQ IRU RXWSXW

7KH SURJUDP PHQWLRQHG DERYH FDQ EH WUDC
IRUP KHQ WKH FRPSLORZILMWESN JWKH UWNHVAHR/UG
ODEHOV WHVW DQG QH[W DV ZHOLOQSMW D WHPS
HYDOXDWHG DQG FRGH LV JHQHUDWPBGH@QWR W
WHVW :LWK HDFK FDVH NHAZRIUH® WIH Q HOZQ G DREHG
HQWHU LQWR WKH V\PERO WDEOH

FRGH WR HYDOXDWH ( LQWR \
JRWR WHVW

/ FRGH IRU 6
JRWR QH[W
/ FRGH IRU 6

JRWR QH[W
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«
/g FRGH, IRU 6
JRWR QH[W
/q FRGH, IRU 6
JRWR QH[W
WHVW URWR B
LI W JRWR /
LI W JRWR /
JRWR /
QH[W
yLJ 7UDQVODWLRQ RI VZLWFK VWDWHPHQWYV

6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFEQWEKXHV 7RROV E\ $KR /DF
8OOPDQ

6XFK WUDQVODWLRQ GRHV Q ZD\ EUDQFKLQJ RI FRGH 7
XVLQJ JRWR QH[W VWDWHPHQW WR ZKLFK WKH FRQWU
HIHFXWLRQ RI VIWIDARQROOBHY /6

)81&7,216

JXQFWLRQV DUH WKH VHW RI LQVWUXFIWLRQV WKDW DUH F
FDOO LQ D SURJUDP 'XULQJ WUDQVODWLRQ RI SURFHGXL
WKH IXQFWLRQ RU SURFHGXUH LWV SDUDPHWHUV DUH H
GHILQLWLRQ ') FRQVLVWY RI NH\ZRUG GHILQH D UHWXUQ
IXQFWLRQ IRUPDO SDUDPHWHUY LQ SDUHQWKHVLY DQG I
ZLWKLQ EUDFNHWYV 1RQ WHUPLQDO ) JHQHUDWHYV ]JHUR
SDUDPHWHUV 7KH QRQ WHUPLQDOV 6 DQG ( UHSUHVHQV
HISUHVVLRQV UHVSHFWLYHO\ 7TKH SURGXFWLRQ IRU
HISUHVVLRQ 7KH SURGXFWLRQ IRU ( UHIHUV WR IXQFWLF
DFWXDO SDUDPHWHUY 7KH DFWXDO SDUDPHWHU $ UHWXU

'Yy : GHILQH 7 LG ) N6 °
cYa 7T LG )

UHWXUQ (

LG $

Ve | $

%/\@v

)LJ )JXQFWLRQV LQ VRXUFH ODQJXDJH
6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFBRWKAHY 7RROV E\ $KR /DP
800OPDQ

7TKH IXQFWLRQ QDPH LV HQWHUHG LQWR WKH V\PERO W|
SDUDPHWHUYV RI D IXQFWLRQ DUH DQDORJRXV WR WKH ILH
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RI D VIPERO WDEOH )XQFWLRQ W\SH UHVHPEO
RI LWV IRUPDO SDUDPHWHUV )XQFWLRQ W\SH
FROQVWIXO@EHROULHG WR WKH UHWXUQ W\SH DQG
IRU SDUDPHWHUV 'XULQJ IXQFWLRQ FDOOV

DGGUHVV FRGHV UHTXLUHV HYDOXDWLRQ RU

ILNH GXULQJ WKH FDOO (WSRU(PSURWERQ | ([SU
([S& H[SUHVVLRQ ([SU PXVW EH HYDOXDWHG
WKUHH DGGUHVV FRGHV 7KHQ LW PXVW EH
LQVWUXFWLRQ IRU HDFK SDUDPHWHU

&+(&. <285 352*5(66/ £ ,
BBBBBBBBBB DUH WKH GDWD VWUXFWXUH
FRQWLJXRXV VHW Rl PHPRU\ ORFDWLRQV
-XPSV DUH DVVRFLDWHG ZLWK WKH IORZ R
6WDWH ZKHWKHU 7UXH RU IDOVH
:KDW DUH WKH ERROHDQ RSHUDWRUV"
'KDW DUH UHODWLRQDO RSHUDWRUV"
7KH RXWSXW RI D VZLWFK H[SUHVVLR
VRPHBBBBBBBBBBB

6800,1* 83

x 7TKH DQDO\WVLV VIQWKHVLVY PRGHO RI D FF
VRXUFH ODQJXDJH SURJUDP LQWR DQ LQW!
7TKHQ WKLV UHSUHVHQWDWLRQ LV IHG LQW
LQ RUGHU WR JHQHUDWH WKH WDUJHW FRG

Xx 7TKH IT[URQW HQG RI D FRPSLOHU EDVLFDO
DQDO\VLV V\QWD[ DQDO\VLY VHPDQWLF D
FRGH JHQHUDWLRQ SKDVHV 6LPLODUO\ W
FRGH RSWLPL]IDWLRQ DQG WDUJHW FRGH JI

x TKH 6WDWLF &KHFNHU SKDVH WDNHYV SODF|
, QWHUPHGLDWH &RGH *HQHUDWRU 7KLV S
FKHENLQJ DQG FKHFNV ZKHWKHU RSHUDWEF
RSHUDQGY W DWWHPSWV WR FKHFN ZKH\
SURJUDP IROORZ WKH V\QWD[ RI WKH ODQJ

-
ox
-



7\SH FKHFNLQJ HQVXUHV WKDW DQ RSHUDWRU RU IXQ
WR WKH FRUUHFW RSHUDQG W\SH DV ZHOO DV ULJ
RSHUDQGY +RZHYHU LQ VRPH ODQJXDJHV W\SH FR¢
QHFHVVDU\ ITURP LQWHJHU WR UHDO
7TUHHV ZKLFK LQFOXGH SDUVH WUHHV RU $EVWUDFW
VLPSO\ $67 $ 'LUHFWHG $F\FOLF *UDSK '$* LV D YD
RI' WKH V\QWD[ WUHH ZKLFK LGHQWLILHVY WKH FR
HISUHVVLRQV ,Q WKUHH DGGUHVV FRGHV D ORQJ
EURNHQ LOWR VPDOOHU VHTXHQFHV RI WKUHH DGGUH
$Q DUUD\ $ RI OHQJWK Q LV VWRUHG LQ Q FRQWLJXEF
ZLWK LQGLFHVY VWDUWLQJ IURP WR Q , I WKH ZL(
HOHPHQW L VYD UWKH QH HKMHIQW VWDUWYV IURP ORFDWL
EDVH L1z EDVH EHLQJ WKH UHODWLYH
DGGUHVV RI $> @
%RROHDQ H[SUHVVLRQV DUH XVHG DV FRQGLWLRQDO
FDQ DOWHU WKH IORZ RI FRQWURO 7KH\ DUH FRPSRYV
RSHUDWRUV VXFK DV $1° 25 _ _ DQG 127
HPSOR\HG EHWZHHQ YDULDEOHV FDOOHG ERROHDQ
UHODWLRQDO H[SUHVVLRQV
7TKH VZLWFK FDVH VWDWHPHQW FRQVLVWY RI D VZLYV
ZKLFK QHHGV WR EH HYDOXDWHG 7KH RXWSXW FRQ'
FRQVWDQW YDOXHV RU FDVHV +RZHYHU VZLWFK VWD
D GHIDXOW YDOXH ZKLFK DOzZD\V GRHV VRPHWKLQJ
YDOXH RU FDVH PDWFKHYV
'XULQJ WUDQVODWLRQ RI SURFHGXUHV SULRU WR FD
RU SURFHGXUH LWV SDUDPHWHUV DUH HYDOXDWH
GHILQLWLRQ FRQVLVWY RI NH\ZRUG GHILQH D UHWXU
WKH IXQFWLRQ IRUPDO SDUDPHWHUY LQ SDUHQWKH)
ERG\ ZULWWHQ ZLWKLQ EUDFNHWYV

$16:(56 72 &+(&. <285 352*5(66

7KUHH DGGUHVV FRGH

&RGH RSWLPL]DWLRQ SKDVH

+LJK OHYHO DQG ORZ OHYHO

7UXH

6WDWLF &KHFNHU

6\QWDFWLF &KHFNLQJ DQG 7\SH &KHFNLQJ
)DOVH

$UUD\V
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7UXH

$1° 25 _ _ DQG 127
| RU !

&RQVWDQW FDVHYV

3266,%/( 48(67,216
$ 6KRUW DQVZHU W\SH TXHVWLRQV

‘KDW LV LQWHUPHGLDWH UHSUHVHQWDWL
EULHI

'KDW LV VWDWLF FKHFNLQJ" :KDW GRHV LW
'LVFXVV VIQWDFWLF FKHFENLQJ DQG W\SH F
‘KDW LV DQ DUUD\" +RZ GR \RX FDOFXODW|
RI D SDUWLFXODU HOHPHQW RI DQ DUUD\"

:KDW DUH IORZ Rl FRQWURO VWDWHPHQWV
'KDW DUH ERROHDQ H[SUHVVLRQV" 'LVFXVV
([SODLQ WKH JHQHUDO SURJUDP VWUXFW
VWDWHPHQW $OVR H[SODLQ EULHIO\ WKH :
([SODLQ IXQFWLRQV DQG LWV DVVRFLDWHG

% /RQJ DQVZHU W\SH TXHVWLRQV

'HVFULEH WKH GLIIHUHQW IRUPV RI LQWHI
RI FRGHV ZLWK VRPH VXLWDEOH H[DPSOHV
'KDW LV DUUD\" +RZ GR \RX FDOFXODWH W
DUUD\ HOHPHQWV" ([SODLQ

'HVFULEH WKH WUDQVODWLRQ RI DUUD\ UH
'KDW GR \RX PHDQ E\ WKH IORZ Rl FRQWUF
WKH FRQWURO IORZ Rl WKHVH VWDWHPHQ
VXLWDEOH ILIXUHV

+RZ DUH IORZ Rl FRQWURO VWDWHPHQWYV I
UHODWHG"

'HVFULEH WKH WUDQVODWLRQV RI IORZ RI
VIQWD[ GLUHFWHG GHILQLWLRQ

'HVFULEH WKH WUDQVODWLRQV Rl ERROHD
GLUHFWHG GHILQLWLRQ
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5()(5(1&(6 $1' 68**(67(' 5($',1*6

%HUJPDQQ 6 &RPSLOHU GHVLJQ WKHRU\ WR
H[DPSOHYV

7KDLQ ,QWURGXFWLRQ WR FRPSLOHUV DQG
GHVLJQ /XOX FRP

+ROXE $ &RPSLOHU GHVLJQ LQ & SS , :9,,

(QIOHZRRG &OLIIV 1- 3UHQWLFH +DOO
$KR $ 9 /DP O 6 6HWKL 5 DPS 800OPDQ -
&RPSLOHUV SULQFLSOHV WHFKQLTXHV DQG WRROV 6H

-
-_—

-_—

-
ox
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81,7
5(35(6(17,1* ,17(50(",$7( &2'( *(1(5%$725
)25 $ 3$56(5

8QLW 6WUXFWXUH

 QWURGXFWLRQ

8QLW 2EMHFWLYHV

7KUHH $GGUHVV &RGH
4XDGUXSOHV 5HSUHVHQWDWLRQ
7ULSOHV 5HSUHVHQWDWLRQ
 QGLUHFW 7ULSOHY 5HSUHVHQWDWLRC

'LUHFWHG $F\FOLF *UDSK
'KDW LV '$*
&KDUDFWHULVWLFV RI 'LUHFWHG $F\F(
$OJRULWKP IRU &RQVWUXFWLRQ RI '$*

&RQFOXVLRQ

&KHFN <RXU 3URJUHVYV

$QVZHUV WR &KHFN <RXU 3URJUHVV

ORGHO 4XHVWLRQV

5SHIHUHQFHV DQG 6XJJHVWHG 5HDGLQJV

,1752'8&7,21

, QWHUPHGLDWH FRGH JHQHUDWLRQ LV DQ LP
GHVLJQ 7KLV SKDJH EOXUV WKH JDS EHWZHHQ
ORZ OHYHO PDFKLQH FRGH E\ SURGXFLQJ DQ L¢
, 9 RI WKH VRXUFH SURJUDP ,5 LV PDFKLQH L
PDFKLOQH LOGHSHQGHQW LQWHUPHGLDWH FRG
SURYLGLQJ D VWDQGDUG IRUPDW IRU FRGH WK
KDUGZDUH RU DUFKLWHFWXUH %\ WUDQVOD
LOWHUPHGLDWH UHSUHVHQWDWLRQ D FRPSL
LOWHUPHGLDWH FRGH WR UXQ RQ GLIITHUHQW
FRPSLOLQJ WKH KLJK OHYHO VRXUFHHRGH 7KF



RI LQOVWUXFWLRQV UHVHPEOLQJ DVVBPEO\ ODQJXDJH EXV
RSWLPLIDWLRQ 6RPH FRPPRQ IRUPV Rl ,5 LQFOXGH WK
FRGH DEVWUDFW V\QWD[ WUHHV DQG FRQWURO IORZ

DOQLOQWHUPHGLDWH FRGH IRUPVY WKH FRPSLOHU FDQ RSWI
DQG VWUXFWXUH EHIRUH WUDQVODWLQJ LW LQWR WKH O
,Q D FRPSLOHU LGHDOO\ WKH IURQW HQG KDQGOHV DOO
ODQJXDJH ZKLOH WKH EDFN HQG LVFUHVSRQVLEOH IRU P
RI WKH WDUJHW PDFKLQH

)LJ /IRIJILFDO VWUXFWXUH RI IURQW HQG DQG EDFN HQG RI D FF

81,7 2%-(&7,9(6
x 8QGHUVWDQG QWHUPHGLDWH &RGH 5HSUHVHQWDWLR
X $SSO\ &RGH 2SWLPL]DWLRQ 7THFKQLTXHV
X &RQVWUXFW '$*V
x ,PSOHPHQW ,QWHUPHGLDWH &RGH *HQHUDWLRQ
X ([SODLQ 7KUHH $GGUHVV &RGH 7%& *HQHUDWLRQ

7+5(( $''5(66 &2'(
7KUHH $GGUHVV &RGH 7%$& LV DQ LOQWHUPHGLDWH UHSU
E\ FRPSLOHUV WR VLPSOLI\ FRGH JHQHUDWLRQ ,W EUHD
HI[ISUHVVLRQV LQWR D VHTXHQFH RI VLPSOHU VWHSV H
PD[LPXP RI WKUHH DGGUHVVHV WZR RSHUDQGYV DQG RQF
LQ 7%$& DUH VWRUHG LQ FRPSLOHU JHQHUDWHG WHPSR
SURYLGLQJ D FOHDU RUGHU RI RSHUDWLRQV 'XH WR LWYV
ZHOO VXLWHG IRU RSWLPL]DWLRQ DQG HIILFLHQW WUDQ
FRGH 5HSUHVHQWLQJ FRQWURO IORZ DQG GDWD GHSHQG



DV D EULGJH EHWZHHQ KLJK OHYHO VRXUFH FI
LOQVWUXFWLRQV PDNLQJ LW D FULWLFDO SKDV

$ VWDQGDUG H[SUHVVLRQ $O HTXLYD

)LJ ([(DPSOH RI D 7TKUHH $GGUHVV &RGH

7KH VWDQGDUG H[SUHVVERUHRNLYBRRWW I7 &
TXDGUDWLF HTXDWLRQ

)LJ ([DPSOH RI WKH 7KUHH $GGUHVW&RGH IRU UR
HTXDWLRQ

$& FRGH LQLWLDOL]LQJ $@ HTXLX\DOHDW 7$&
IRU ORRS

)LJ ([DPSOH RI WKH 7KUHH $GGUHVV &RGH IR/

7KHUH DUH ZzZD\V WR UHSUHVHQW D 7KUHH $GC
L 4XDGUXSOHYV

LL 7ULSOHV

LLL ,QGLUHFW 7ULSOHV

-
Qx
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48$'583/(6 5(35(6(17%$7,21
4XDGUXSOHV DUH D GDWD VWUXFWXUH FRQVLVWLQJ RI Il
DUJ DQG UHVXOW +HUH RS UHSUHVHQWYV WKH RSHUDYV
DUJ GHQRWH WKH WZR RSHUDQGY DQG UHVXOW KROGV
H[SUHVVLRQ ,W IDFLOLWDWHV WKHHIMDUUDQJHPHQW RI F
IRU JOREDO RSWLPL]DWLRQ HIIRUWYV DOORZLQJ FRPSLOH
RSWLPL]H FRGH PRUH HIILFLHQWO\ DW D ODUJHU VFRSH
VIPERO WDEOH SURYLGHV TXLFN DFFHVV WR WKH YDOX
YDULDEOHV VWUHDPOLQLQJ WKH UHWULHYDO SURFHVV
+RZHYHU WKLV UHSUHVHQWDWLRQ RIWHQ JHQHUDWHYV
YDULDEOHV HVSHFLDOO\ ZKHQ GHDOLQJ ZLWK FRPSOH] |
UHVXOWYV LQ LQFUHDVHG WLPH DQ®XASWMFH FRPSOH[LW\ D
PDQDJH DQG SURFHVV D ODUJHU QXPEHU Rl WHPSRUDU\ Y

$Q H[SUHVVLRQ LQ KLJK QHXIHYDOBQWX DY &

yLJ ([DPSOH RIWKH 7KUHH $GGUHVVHERMGCIHWILR @XDGUXSOH 5HSUH

75,3/(6 5(35(6(17%$7,21

7ULSOHV 5HSUHVHQWDWLRQ LV DQXFOMBHBQDWLYH LQWH!L
WKDW DYRLGV FUHDWLQJ DGGLWLRQDO WHPSRUDU\ YD
RSHUDWLRQV ,QVWHDG Rl FUHDWLQJ WHPSRUDU\ Y|
UHSUHVHQWDWLRQ XVHV SRLQWHUV WR UHIHUHQFH RWK
ZKHQ WKHLU YDOXHV DUH QHHGHG 7KLV VWUXFWXUH FR
ILHOGVY RS RSHUDWRU DUJ DQG DUJ RSHUDQGYV

WHPSRUDU\ YDULDEOHVY PDNHV LW PRUH HIILFLHQW LQ |
OHVVHU WLPH DQG VSDFH FRPSOHIQWYHY WKH FRPSLOH!
DQG SURFHVV D VPDOO QXPEHU Rl WHPSRUDU\ YDULDEOH

-
ox
(@]}



2QH GUDZEDFN RI WKLV UHSUHVHQWDWLRQ LV
LPSOLFLW DQG WKHUHIRUH FRGH UHDUUDC
2SWLPL]DWLRQ RI FRGH EHFRPHV FRPSOH[ EHI
IURP RQH SODFH WR DQRWKHU LQ WKH FRGH L
RWKHU WULSOHV WKDW UHIHUV LWVVRERYHU
WKH FRUUHVSRQGLQJ V\PERO WDEOH HQWUL
SURFHVV RI YDULDEOH PDQDJHPHQW

$Q H[SUHVVLRQ LQ KLJK Q@HXIHYXDOBQWXDS&

)LJ ([DPSOH RI WKH 7KUHH $GGUHMMWY/DER®RK LQ 7ULS

,1',5(&7 75,3/(6 5(35(6(17%$7,21

,QGLUHFW 7ULSOHV XWLOL]H SRLOWHWDWOWWR UF
FRPSXWDWLRQV DOORZLQJ IRU HITLFLHQ
UHSUHVHQWDWLRQ HPSOR\V SRLQWHUV WR D V
UDWKHU WKDQ GLUHFWO\ VWRULQJ WKH UHVX
YDULDEOHV (DFK RSHUDWLRQ FRQVLVWYV RI D
LQ WKH FRPSXWDWLRQ OLVW WKDW LQFOXGHYV
7KLY DSSURDFK NHHSV WHPSRUDU\ YDULDEOF
UHDUUDQJHPHQW HDVLHU DQG PRUH PDQDJHDE

-

ot
—_—



$Q H[SUHVVLRQ LQ KLJKXLYDOHQW 7%
OHYHO ODQJXDJH

yLJ (IDPSOH Rl WKH 7KUHH $GGUHVV &RGH LQ ,QGLUHFW 7ULS
SHSUHVHQWDWLRQ

' 5(&7(" $&<&/,& *5$3+

,Q FRPSLOHU GHVLJQ D 'LUHFWHG $FREOLF *UDSK '$* LV
UHSUHVHQWLQJ H[SUHVVLRQV DQG RSWLPL]LQJ FRGH $
GLUHFWHG HGJHV ZLWKRXW DQ\ F\FOHV HQVXULQJ WKDW
WKH VWDUWLQJ QRGH 7KLY VWUXFWXUH LV SDUWLFX
HOLPLQDWLQJ UHGXQGDQW FRPSXWDWLRQV DQG LGHQWL
HISUHVVLRQV WKHUHE\ HQKDQFLQJ WKH HIILFLHQF\ RI SL
7KH '$* UHSUHVHQWDWLRQRI LQWHUPHGLDWH FRGH KHO:
WKH QWHUPHGLDWH &RGH RI D KLJK OHYHO ODQJXDJH LQ

+$7 6 '$*

'$*V DUH XVHIXO LQ FRPSLOHU GHVLJQ EHFDXVH WKH\
F\FOHV $ '$* LV D GLUHFWHG JUDSKUBLWK YHUWLFHV DQ
HDFK HGJH LV GLUHFWHG IURP RQH YHUWH[ WR DQRWKHU
WKH GLUHFWLRQV RI WKH HGJHV ZLOO QHYHU IRUP D F
'LUHFWHG $F\FOLF *UDSK VHUYHV PXXHNLSOH SXUSRVHV L
VWUXFWXUH RI EDVLFE EORFNV YLVXDOL]LQJ WKH IORZ F
WKHP DQG HQDEOLQJ RSWLPL]DWLRQ WHFKQLTXHV ZLW
ZKHUH D EDVLF EORFN LV D VHW RIHUWDWHPHQWY WKDV
DQRWKHU LQ VHTXHQFH :KHQ DSSO\LQJ RSWLPL]DWLRQ
EDVLF EORFN D '$* UHSUHVHQWV WKH WKUHH DGGUHVYV
GXULQJ WKH LQWHUPHGLDWH FRGH JHQHUDWLRQ SKDVH
&+$5$&7(567,&6 2) ',5(&7(' $&<&/,&
*5$3+

¥» '$* LV D 'DWD 6WUXFWXUH XVHG WR UHSUHVHQW WKI
EDVLF EORFNYV

-

ot
—_—



% 7KH OHDI QRGHV Rl WKH GLUHFWHG DF\F
XQLTXH LGHQWLILHU $Q LGHQWLILHU FD
FRQVWDQW

% 7KH QRQ OHDI QRGHV UHSUHVHQW DQ RSHL

% (DFKQRGHLV DOVR JLYHQ D VWULQJ RI LGF
IRU WKH FRPSXWHG YDOXH

$/*25,7+0 )25 &216758&7,21 2) '$*

JRU FRQVWUXFWLQJ D '$* EDVLF RQH EDVLF E
7KH RXWSXW ZLOO EH D '$* ZKHUH HDFK QRGH |
ODEHO 7KH ODEHO RI HDFK OHDI QRRGH UHSUH
DOO QRQ OHDI QRGH UHSUHVHQWY DQ RSHUDW
DWWDFKHG LGHQWLILHUV WR KROG WKH FRP:
DGGUHVYVY FRGH WKHUH DUH WKUHH SRVVLEOH
FRQVWUXFW D "$*

&DVH [ VRS ] ZKHUH [ \ DQG | DUH RSHU
RSHUDWRU

&DVH [ RS \ZKHUH [ DQG \ DUH RSHUDQGV D
&DVH [ \ZKHUH [ DQG \ DUH RSHUDQGYV

1RZ ZH ZLOO GLVFXVV WKH IROORZLQJ DOJRUL
FDQ KDQGOH WKH DERYH WKUHH FDVHV

6WHS

, I LQ DQ\ RI WKH WKUHH FDVHV| WKH \ R
WKHQ FUHDWH D QRGH \

1 LQ FDVH WKH ] RSHUDQG LV QRW G
QRGH ]

6WHS

JRU FDVH FUHDWH D QRGH RS |[ZLWK QR
DQRG QRGH ] DV LWV ULJKW FKLOG /HW W

Q
JRU FDVH FKHFN ZKHWKHU WKHUH LV D (
QRGH DV QRGH \ || WKHUH LV QR VXFK QR

JRU FDVH QRGH Q ZLOO EH QRGHH \

6WHS

-
Lald



JRU D QRGH [ GHOHWH [ I URP W]
WKH OLVW Rl DWWDFKHG LGHQWL
QRGH [ WR Q

(I[DPSOH

/IHW XV FRQMSGHWG®G/RHE F D E°" DQG LW EDVLF EORFN LQ
7$& DV IROORZYV

)LJ %DVLF EORFN LQ 7%& F
1RZ OHW XV WU\ WR DSSO\ WKH DOJF

([SUHVVLRQ

| ZH QRWLFH WKH H[SUHVVLRQ 7
DQG FDQ DSSO\ WKH 6W $FFRUGLQJ WR 6HWS ZH
FDQ JHQHUDWH WKH IROO|

([SUHVVLRQ
| ZH QRWLFH WKH H[SUHVVLRQ 7
DQG FDQ DSSO\ WKH 6WHS RI WKH |
JHQHUDWHG ZH VKD 6HWS

([SUHVVLRQ

1 ZH QRWLFH WKH H[SUHVVLRQ G
DQG FDQ DSSO\ WKH 6WHS RI WKH D
DOUHDG\ JHQHUDWHG ZH VKDO WR JHW WKH
IROORZLQJ ILQDO '$*

td

=1}



&21&/86,2

$PRQJ YDULRXV WHFKQLTXHV HPSOF
'LUHFWHG $F\LV FRQVLGHUFIRU LWV DELOLW\
HQVXUH RSWLPL]HG FRGH JHQHUDWLI
UHSUHVHQWHG D FRPSADMWGHQWLI\
UHGXQGDQV 7KLV HOLRLQBWKRGDCQRW
RQOPRFWKH FRGH EXW DOVR VLJQLIL

XVDJH DQG FRPSXWDWLRQDO RYHUK H

UROH LQ WKH R'RQ RI FRGH FRQW!
HIILFLHQW SUR. $VROLG XQGHUVWDQ

WKHLU DSSOLFDWLRQ LQ FRPSLOHU
GHYHORSLQJ HIIHFWLYH RSWLXVLQJ WKH
SURSHUWLHV RI '$*V UV FDQ LPSOHP

WKDW HQKDQFH SHUIRRI D FR

&+ (&. <285 352*5

KLFK RI WKH IROORZLQJ LV
LOQWHUPHGLDWH FRGH XVHG LQ FRPSLOHL

$ $VVHPEO\ FRGH
% $EVWUDFW 6\QWD[ 7TUHH $67
& ODFKLQH FRGH

7TKUHH $GGUHVV &RGH 7%&

,Q TKPBEBEUHVV &RGH 7%$& KRZ
WASLFDOO\ LQYROYHG LQ HDFK LQVWUXF\
$ 2QH

ld

=1}
ox



% 7ZR
& 7KUHH
' YR XU

:KDW GRHV 7$& KHOS LQ DFKLHYLQJ ZLWKLQ WKH F
SURFHVV"

$ 'LUHFW PDFKLQH FRGH JHQHUDWLRQ
% 6\QWD[ YHULILFDWLRQ
& 6LPSOLILFDWLRQ RI FRPSOH[ H[SUHVVLRQV

' ILQNLQJ HIWHUQDO OLEUDULHV

KLFK UHSUHVHQWDWLRQ XVHV ILHOGV VXFK DV RS
DUJ "

$ AXDGUXSOHV

% 7ULSOHYV

& 6\QWD[ 7TUHHV

. P

"KLFK WHFKQLTXH LV XVHG LQ '$*V WR RSWLPL]H FR(
$ ,GHQWLI\LQJ UHGXQGDQW FRPSXWDWLRQV

% 3DUVLQJ VIQWD[ UXOHYV

& 6LPSOLI\LQJ WRNHQL]DWLRQ

6SHFLI\LQJ JUDPPDU UXOHYV

KLFK VWDWHPHQW LV WUXH DERXW WKH LQWHUP|
JHQHUDWLRQ SKDVH"

$ W WUDQVODWHY PDFKLQH FRGH GLUHFWO\ WF
FRGH

% , W DOORZV FRGH RSWLPL]DWLRQ EHIRUH PD
VSHFLILF WUDQVODWLRQ

& W WUDQVODWHYV VRXUFH FRGH GLUHFWO\ W
FRGH

W RSWLPL]JHV RQO\ WKH V\QWD[ WUHH VWUXFV

KDW NLQG RI YDULDEOHV DUH RIWHQ FUHDWHG
$GGUHVYVY &RGH WR VWRUH UHVXOWV"

$ *OREDO YDULDEOHYV
% &RQVWDQW YDULDEOHYV

& 6WDWLF YDULDEOHYV
' 7THPSRUDU\ YDULDEOHYV

'KLFK RI WKH IROORZLQJ LV 127 DQ LQWHUPHG
UHSUHVHQWDWLRQ IRUPDW"

$ $EVWUDFW 6\QWD[ 7TUHH $67
% &RQWURO )ORZ *UDSK &)*
& ODFKLQH &RGH

' 'LUHFWHG $F\FOLF *UDSK '$*

-

=1}
=1}



:KDW LV WKH SULPDU\ SXUSRVH RI XVLQ
FRGH LQ FRPSLOHU GHVLJQ"

$ TR HQVXUH SODWIRUP LQGHSHQGHC
% 7R HQKDQFH FRGH UHDGDELOLW\
& 7R LQFUHDVH SURJUDP H[HFXWLRQ

7R VLPSOLI\ OH[LFDO DQDO\VLYV

'KLFK UHSUHVHQWDWLRQ LV NQRZQ IRU
KDQGOLQJ WKH FRQWURO IORZ RI SURJUI
WR UHIHUHQFHY UDWKHU WKDQ FUHDWLQ

$ ,QGLUHFW WULSOHYV
% 4XDGUXSOHYV

& 7TULSOHYV
' 7TKUHH DGGUHVV FRGH

$16:(56 72 &+(&. <285 352*5(66

& & % $ % ' & $ $

02'(/ 48(67,216
6KRUW DQVZHU W\SH TXHVWLRQV

'KDW LV LQWHUPHGLDWH FRGH LQ FRPSLOI
LPSRUWDQW"

([SODLQ WKH UROH RI WKUHH DGGUHVV FRt
FRGH JHQHUDWLRQ

:KDW DUH WKH PDLQ GLIIHUHQFHV EHWZH}
WULSOHV"

+RZ GRHV D 'LUHFWHG $F\FOLF *UDSK '$*
RSWLPL]DWLRQ"

'K\ LV PDFKLQH LQGHSHQGHQW LQWHUPHCGC
IRU FRPSLOHU SRUWDELOLW\"

/IRQJ DQVZHU W\SH TXHVWLRQV

+RZ GRHV WKH LQWHUPHGLDWH FRGH SK
EHWZHHQ WKH IURQW HQG DQG EDFN HQG F

-

=1}
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'LVEXVV 'LUHFWHG $F\FOLF *UDSKV '$*V DQG WKHLU
UHSUHVHQWLQJ H[SUHVVLRQV ZLWKLQ D EDVLF EORF
'$*V KHOS LQ FRGH RSWLPL]|DWLRQ E\ LGHQWLI\LQJ
VXE H[SUHVVLRQV DQG HOLPLQDWLQJ UHGXQGDQW RS
:KDW LV WKH SXUSRVH RI FRGH RSWLPL]DWLRQ DW W
OHYHO" 'HVFULEH ZLWK H[DPSOH

([SODLQ WKH VWUXFWXUH DQG SXUSRVH RI WKUHH
7$& LQ LQWHUPHGLDWH FRGH JHQHUDWLRQ +RZ
IDFLOLWDWH RSWLPL]DWLRQ" ,O0XVWUDWH ZLWK H[DI

5()(5(1&(6 $1' 68**(67(' 5($',1*6

x $KR $ 9 /IDP 0 6 6HWKL 5 sooprPbDQ -
&RPSLOHUV 3ULQFLSOHV 7HFKQLTXHV DQG 7RROV

Eald
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81,7
7$5%(7 &2'( *(1(5%$7,21

8QLW 6WUXFWXUH

,OQWURGXFWLRQ
8QLW 2EMHFWLYHV
&RGH *HQHUDWRU
7DUJHW &RGH *HQHUDWLRQ ,VVXHV
,QSXW WR &RGH *HQHUDWRU
7DUJHW 3URJUDP
,QVWUXFWLRQ 6HOHFWLRQ
$OORFDWLRQ RI 5HIJLVWHUV
(YDOXDWLRQ 2UGHU
7DUJHW ODFKLQH ORGHO
3URJUDP DQG ,QVWUXFWLRQ &RVWYV
$GGUHVVHV LQ 7KH 7DUJHW &RGH
BWDWLF $OORFDWLRQ 7HFKQLTXH
BWDFN $OORFDWLRQ 7HFKQLTXH
5XQ 7LPH $GGUHVVHV )RU 1DPHV
5XQ 7LPH (QYLURQPHQW
6WDWLF YV "\QDPLF 6WRUDJH $OORFTC
6WDFN $OORFDWLRQ RI 6SDFH
$FWLYDWLRQ 7UHHV
$FWLYDWLRQ 5HFRUGV
&DOOLQJ 6HTXHQFHV
9DULDEOH /HQJWK 'DWD RQ 6WDFN
+HDS ODQDJHPHQW
OHPRU\ +LHUDUFK\ Rl $ &RPSXWHU
SHGXFLQJ JUDJPHQWDWLRQ
O0DQXDO 'HDOORFDWLRQ DQG $VVRFLD
*DUEDJH &ROOHFWLRQ
6XPPLQJ 8S
$QVZHUV WR &KHFN <RXU 3URJUHVV
3RVVLEOH 4XHVWLRQV
5HIHUHQFHYV DQG 6XJJHVWHG 5HDGLQJV



,1752'8&7,21

7KH ILQDO SKDVH RI WKH FRPSLOHU LV WKH FRGH JHQHU
I[JURP WKH LOQWHUPHGLDWH UHSUHVHQWDWLRQ SURGXFHG
RWKHU LQIRUPDWLRQ IURP VI\PERO WDEOH 7KH RXWSXW
FRPSLOHU LV WKH WDUJHW SURJUDP HTXLYDOHQW WR W
7KH WDUJHW SURJUDP PXVW SUHVHUYH WKH FRQGLW
VHPDQWLFDOO\ HTXLYDOHQW WR WKKHVRXUFH SURJUDP

WDUJHW FRGH PXVW SRVVHVV WKH VDPH PHDQLQJ ZLWK \
$SDUW IURP WKLV WKH FRGH SURGXFHG PXVW EH RI KLJK
FDQ PDNH HIILFLHQW XVH RI WKH @QYWLEDEOH UHVRXUFH?
PDFKLQH %XW WKH WDUJHW FRGH PXVW EH RSWLPDO ,C
FRGH PXVW EH HIILFLHQW LQ WHUPWRY UHJLVWHU DOORF
UHTXLUHYVY LQVHUWLQJ D SKDVH EHWVZVRHUHHQ WKH LQWHUPH(
DQG FRGH JHQHUDWRU SKDVHV RI D FRPSLOHU 7KH R
LOWHUPHGLDWH FRGHV DV LWV LQSXW W WKHQ PDSV
FRGHVY LQWR VRPH HIILFLHQW LQWHUPHGLDWH FRGHYV
JHQHUDWRU DFFHSWV WKHVH FRGHV LQ RUGHU WR SURC
WKH\ RFFXS\ OHVV VSDFH DV ZHOO DV UXQ LQ OHVV WLPH

81,7 2%-(&7,9(6
$IWHU JRLQJ WKURXJK WKLV XQLW \RX ZLOO EH DEOH WR

" '"HVFULEH WKH FRQFHSWV EHKLQG LQWHUPHGLDWH FR
" 8QGHUVWDQG FRGH JHQHUDWRU LQ GHWDLO

" .QRZ DERXW WKH LVVXHV DVVRFLDWHG ZLWK WD

JHQHUDWLRQ

" JHDUQ KRZ WKH WDUJHW PDFKLQH PRGHO LV LPSOHPH
" +DYH WKH EDVLF FRQFHSWV RQ SURJUDP DQG LQVWU >
" .QRZ WKH YDULRXV PHPRU\ DOORFDWLRQ WHFKQLTXH
" JHDUQ WKH ZRUNLQJ RI UXQ WLPH HQYLURQPHQW



» '"HVFULEH DFWLYDWLRQ UHFRUGY DQG DFW
» 8QGHUVWDQG KRZ KHDS PDQDJHPHQW WDN
" +DYH NQRZOHGJH DQG XQGHUVWDQGLQJ RC

&2'( *(1(5%$725

7KH FRGH JHQHUDWRU SKDVH UHSUHVHQWYVY WK
SRVLWLRQ RI WKH FRGH JHQHUDWRU LV VKRZQ

)LJ SRVLWLRQ RI WKH WDUJHW FRGH JHQHUDWR
6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFERWKXHV 7RRC
800OPDQ

‘H DOUHDG\ KDYH PHQWLRQHG DERYH WKDW W
LOWHUPHGLDWH UHSUHVHQWDWLRQV RI WK}
&RPPRQO\ WKH\ DUH LQ WKUHH DGGUHVV |
UHSUHVHQWDWLRQV DUH IHG WR WKWKHRGH RS
VDPH VHW RI FRGHV EXW WKLV WLPH LQ WHUF
FRGHVY DUH HIILFLHQW IURP WKH SHUVSHFWLYF
RI WKH WDUJHW PDFKLQH )LQDOO\ WKH FR(
RSWLPLIJHG FRGHVY DQG SURGXFHV WKH WDUJHV

7KH FRGH JHQHUDWRU GRHV WKUHH PDMRU W
UHJLVWHU DOORFDWLRQ DQG DVVLIQPHQW D(
LOWHUPHGLDWH UHSUHVHQWDWLRQV DUH QHH
WDUJHW PDFKLQH ,QVWUXFWLRQ VHOHFWLR
DSSURSULDWH LQVWUXFWLRQV WR LPSOHPHQW
QH[W WDVN LV WR GHFLGH ZKLFK UHWKWHWHUYV V
LQVWUXFWLRQV DUH H[HFXWHG LQ D VHTXH
LOYROYHV GHFLGLQJ WKH VFKHGXOHHDV ZHOO
LOQVWUXFWLRQV DUH HI[HFXWHG 6RPHWLPHV D



HIHFXWHG WRJHWKHU ZKLFK DUH FDOOHG DV Z3EDVLF
LOWHUPHGLDWH UHSUHVHQWDWLRQ KDV WR EH SDUWLWL
/IDWHU VRPH ORFDO WUDQVIRUPDWLRQV FRQYHUW WKH
PRGLILHG EDVLF EORFNYV

7$5*%(7 &2'( *(1(5%$7,21 ,668(6

7KH XOWLPDWH JRDO RI WKH FRGH JHQHUDWRU SKDVH |
FRUUHFW FRGH :H DOUHDG\ KDYH PHQWLRQHG WKDW WK
UHSUHVHQW WKH VDPH PHDQLQJ WKDW VRXUFH FRGH GRF
DQ LPSRUWDQW WDUJHW FRGH JHQHUDWRU LQYROYHV VE
WR EH LQFRUSRUDWHG LQWR LW

,QSXW WR &RGH *HQHUDWRU

7KH FRGH JHQHUDWRU SKDVH DFFHSWV WKH LQWHUPHGLLEL
WKH VRXUFH SURJUDP SURGXFHG E\ WKH I[URQW HQG RI
DOVR WKH LQIRUPDWLRQ RI WKH V\PERO WDEOH 7KH \
QHFHVVDU\ IRU GHWHUPLQLQJ WKH UXQ WLPH DGGUH\
LOWHUPHGLDWH UHSUHVHQWDWLRQ

7TKH LQWHUPHGLDWH UHSUHVHQWDWLRQ LQFOXGHV WKUF
DV TXDGUXSOH WULSOH RU LQGLUHFW WULSOH JUDSKLF
Dv VvVi\QwWD[ WUHH DQG '$*V $SDUW IURP WKLV YLUWX
UHSUHVHQWDWLRQV VXFK DV E\WH FRGHV DQG VWDFN PD
DV SRVWIL[ QRWDWLRQV DOVR IRUP WKH LQSXW 7KH FR
ZLWK YDOXHV RI QDPHV UHSUHVHQWHG E\ WKH TXDQWL
PDQLSXODWLRQ E\ WKH WDUJHW PDFKLQH HVSHFLDOO\ LQ
UHDO QXPEHUV $00 WKH QHFHVVDW\ W\SH FKHFNLQJ D
FRQYHUVLRQ WDNHV SODFH SULRU WR JHQHUDWLRQ RI VX

7DUJHW 3URJUDP

7TKH PRVW FRPPRQ LQVWUXFWLRQ VHW DUFKLWHFWXUH RI
5,6& SHGXFHG ,QVWUXFWLRQ 6HW &RPSXWHU &,6&



,QVWUXFWLRQ 6HW &RPSXWHU DQG VWDFEN E
VLPSOH LQVWUXFWLRQ VHW DUFKLWHFWXUH

LOQVWUXFWLRQV DV ZHOO DV VLPSOKDWGUHVYV
YDULDEOH OHQJWK LQVWUXFWLRQ VHW IHZ Ul
WZR DGGUHVV LQVWUXFWLRQV D YDULHW\ F
LOQOVWUXFWLRQV ZLWK VLGH HIIHFWYV ;Q D VW
DUH SXVKHG RQWR D VWDFN DQG RSHUDWLR
RSHUDQGY DW WKH WRS RI WKH VWDFN ,Q
SHUIRUPDQFH WKH WRS RI WKH VRVDMVRRR LV NH
PDQ\ VZDSV WKH VWDFN RUJDQL]DWLRQ KDV E

KHQ WKH WDUJHW SURJUDP LV SURGXFHG LQ
ODQJXDJH SURJUDP WKH\ DUH VWRUHG LQ D IL
FDQ EH H[HFXWHG LPPHGLDWHO\ &RPSLODW
WHFKQLTXH $QG ZKHQ WKH WDUJHW SURJUDPF
UHORFDWDEOH PDFKLQH FRGH DOORZV VXES
VHSDUDWHO\ 7KH REMHFW FRGHV DUH OLQNHC
D OLQNLQJ ORDGHU 7KH IOH[LELOLW\ RI EHI
VXEURXWLQHY VHSDUDWHO\ SURYLGHV DGGHC(
WKRXJK WKHUH LV DQ DGGLWLRQDO H[SHQVI
LOQYROYHG LQ SURGXFLQJ WKH UHORFDWDEOH |

, QVWUXFWLRQ 6HOHFWLRQ

/TKH LOWHUPHGLDWH UHSUHVHQWDWLRQ PXVW
WDUJHW FRGHV 7KH IDFWRUV DIIHFWLQJ WKLV

" 7TKH OHYHO RI LQWHUPHGLDWH UHSUHVHQW
" 7TKH LQVWUXFWLRQ VHW DUFKLWHFWXUH
" 7KH TXDOLW\ RI JHQHUDWHG FRGH

7KH OHYHO RI UHSUHVHQWDWLRQ PWRHEH KLJK
WUDQVODWHY HDFK VWDWHPHQW LR@WR D VHT
&RGH JHQHUDWLRQ RFFXUV VWDWHPHQW E\ VV



WDNHV SODFH RQ WKRVH FRGHV ,QVWUXFWLRQ VHOH
GHSHQGHQW RQ WKH QDWXUH RI LQVWUXFWLRQ VHW DUF
PDFKLQH $Q LPSRUWDQW IDFWRU DUIMMWNLQJ WKLV LV VR
PDFKLQH GRHV QRW VXSSRUW HDFK GDWD W\SH LQ D XQL
WKH H[FHSWLRQ PXVW EH VSHFLDOO\ KDQGOHG 2QH VXF
EH WKH KDQGOLQJ RI IORDWLQJ SRLQW QXPEHUV IRU
UHJLVWHUV DUH XVHG WR SHUIRUP RSHUDWLRQV RQ WKH
DGGUHVV VWDWHPHQW ZH FDQ GHVLJQ VRPH FRGHV HT
WDUJHW FRGHV )RU H[DPSOH FRQVLGHU WKH IROORZLQJ

D E F

[ D+ \

TKHVH VWDWHPHQWY DUH FRQYHUWHG LQWR HTXLYDOH
IROORZYV

/" 5 E

$'' 5 5 F
67 D 5

/' 5 D
68% 5 5 \
67 [ 5

7KLV VFKHPH SURGXFHV UHGXQGDQW ORDG DQG VWRUH
LOQOVWDQFH WKH WKLUG VWDWHPHQW ORDGV D LQWR 5 DC
DJDLQ UHORDGV D LQWR 5 7KLV LQ WXUQ OHDGV WR L
FRPSURPLVLQJ ZLWK WKH TXDOLW\ RI WKH FRGH

$OORFDWLRQ RI 5HJLVWHUV

, Q ZH GLVFXVVHG WKDW GXULQJ WDUJHW FRGH JHQ
DUH XVHG IRU DOORFDWLRQ DQG VWRUDJH 5HJLVWHUV D
XQLW RI D FRPSXWHU ZKLFK PDNHV WKH H[HFXWLRQ ID\
FKDOOHQJLQJ WDVN LQ FRGH JHQHUDWLRQ LV GHFLGLQ.
KROG ZKDW YDOXH 9DOXHV QRW KHOG E\ UHJLVWHUYV
PHPRU\ ([HFXWLRQ XVLQJ UHJLVWHUVY DUH PRUH DVWHI
HIHFXWLRQ 5HJLVWHU XWLOL]DWLRQ LV DVVRFLDWHG ZL\



" 5HIJLVWHU DIOW BPNVNIWERQWHG ZLWK VHOHEF\
YDULDEOHYV ZKLFK ZLOO EH KHOG LQ UHJL)
SURJUDP

" 5HJLVWHU DVVLWXKMHHQWREOHP RI SLENLQJ
UHJLVWHU LQWR ZKLFK D YDULDEOH ZL(
DVVLIQPHQW LV FUXFLDO DQG FKIDOOHQJL
VA\VWHP

(YDOXDWLRQ 2UGHU

(YDOXDWLRQ RUGHU SOD\V DQ LPSRUWDQW UR
FRGH ,W LV WKH RUGHU LQ ZKLFK FRPSXW
(YDOXDWLRQ RUGHU DIIHFWV WKH SHUIRUPDQ|
WKH EHVW RUGHU LV TXLWH FKDOOHQJLQJ

&+(&. <285 352*5(66

7KH RSWLPL]HU WDNHY BBBBBBBBBBBBBBB
7KH OLQHDU LOQOWHUPHGLDWH UHSUHV
BBEBBBBBBBBB
7TKH JUDSKLFDO LQWHUPHGLDWH UHSULF
BBEBEBBBBBBBB DQG BBEBBBBBB
BBBBBBBBBBBBBBBB LV GHILQHG DV WKH
YDULDEOHYV ZKLFK ZLOO EH KHOIG LQ UHJL
WKH SURJUDP
BBBBBBBBBBBBBBB LV WKH SUREOHP RI S
UHJLVWHU LQWR ZKLFK D YDULDEOH ZLOO

7$5%(7 0$&+,1( 02'(/

$ JRRG FRGH JHQHUDWRU QHHGV WR KDYH XQ
PDFKLQH DQG LWV LQVWUXFWLRQ VHW $V PHQ
KDYLQJ WKUHH DGGUHVV FRGHV ZLWK ORDG
FRQGLWLRQDO DQG XQFRQGLWLRQDO MXPS

FRPSXWDWLRQDO LQVWUXFWLRQV IRUP WKH E
VLPSOH WDUJHW PDFKLQH PRGHOWWKEQNH DG



QXPEHUV Rl JHQHUDO SXUSRVH UHJLVWHUV 7KH PDFKLQ
VLPSOH VHW RI LQVWUXFWLRQ VHWYV ZLWK LWV RSHUDQCGC
DVVHPEO\ FRGH FRQVLVWY RI DQ RSWLRQDO ODEHO DQ
E\ WKH WDUJHW YDULDEOH DQG ILQDOO\ IROORZHG E\
RSHUDQGYV

* 7TKORDG LQVWWRFWLEHBIRRWP DBBGV WKH
FRQWHQWYV RI ORFDWLRQ DGGU LQWR GHVW 7KH YDL
UHIHUUHG WR DV ORFDWLRQ ,Q RWKHU ZRUGV LW L
RSHUDWLRQ GHWXH ®PRBEEWKHU IRUP RI XVLQJ
WKLV LQVW BXFWKREKLWWRDGY WKH FRQWHQWY RI [ LQV
UHJLVWHU 5 7KHQ/WKH5LFRBUNFEWILRE
FRQWHQWYV RI UHJLVWHU 5 LQWR UHJLVWHU 5 7KLV
UHJLVWHU WR UHJLVWHU WUDQVIHU LQVWUXFWLRQ

" 7TKWWRUH LQWWURIFWIKRRQ [R BPWRUHYV WKH
FRQWHQWYV RI UHJLVWHU 5 LQWR WKH YDULDEOH |
DVVLIQPHQW LQVWUXBWLRQ RI WKH IRUP

" 7TKFRPSXWDWLRQ RQWKHXFRBIFR/AQV VUF
VUF7KH RSHUDWLRQ LV LGHQWLILHG E\ 23 ZKLFK PLJK
RU 68% HWF 7KH RSHUDQGYV DUH VSHFLILHG E\ VFU
)LQDOO\ WKH UHVXOW LV VWRUHG LQ ORFDWLRQ GHYV
LQVWUXFWLRQ $''5 5 D DGGV WKH FRQWHQWV RI |
DQG YDOXH RI ORFDWLRQ D DQG VWRUHV WKH UHVXO
5 6LPLODUO\ WKH VDPH RSHUDWLRQ FDQ EH LPSOHI
UHJLVWHUV RQO\ 7KHUHIRUH WKH LQVWUXFWLRQ $'
GRHV WKH DGGLWLRQ Rl UHJLVWHUV 5 DQG 5 DQG V\
RI DGGLWLRQ EDFN WR UHJLVWHU 5

* 7TKHXQFRQGLWLRQRUWMXF®LRQ MXPSV WR DQRWKHL
VHEWLRQ Rl WKH SURJUDP ZLWK D SDUWLFXODU ODEH
RFFXU ZLWKRXW DQ\ FRQGLWWBRQ /LNH WKH LQVWU
EUDQFKHY FRQWURO WR WKH LQVWUXFWLRQ ZLWK OD



)LQDO AR QVKLHV LR Q Q @ WWXPFRSNV L RAF RQ B/ KH IR
5 /MXPSV WR WKH LQVWUXFWLRQ ODEHOH
FROQGLWLRQ FRQG RQ UHJLVWHU 5 $Q H[DI
EH %*7= 5 / FDXVHV WKH FRQWURO WR M
ZLWK ODEHO / LI WKH YDOXH RI UHJLVWHL
&RQGLWLRQDO MXPS RFFXUV ZKHQ WKH FR
LV IDOVH FRQWURO SDVVHV WR WKH LQ
FRQGLWLRQ

‘H DOUHDG\ KDYH PHQWLRQHG WKDW WKH WI
YDULHW\ RI DGGUHVVLQJ PRGHV 6RPH RI WKHP

$ ORFDWLRQ IRU D YDULDEOH QDPH [ LV
PHPRU\ ORFDWLRQ UHVHUYHG IRU [ LWVHO
7KH FRQWHQW RI PHPRU\ ORFDWLRQ GHQR)
E\ DGGLQJ WKH O YDOXH RI YDULDEOH D D¢
7KH ORFDWLRQ LV DQ LQGH[HG DGGUHVV
LQVWUXFSNVLM®Q5 LV FRPSXWHG E\ SHUIRUPL
RSHUDWLRQFRQWHQWYV D FREWHBOWYV 5
FRQWHQ@BNQRWHY WKH FRQWHQWYV RI UH:
DFFHVV LV HIILFLHQW XVLQJ WKLV PRGH
EDVH DGGUHVV RI WKH DUUD\ DQG U GHQR
WR PRYH LQ RUGHU WR UHDFK D SDUWLFEXO
$ PHPRU\ ORFDWLRQ FDQ DOVR EH LQGHI[F
LQVWUXFWLRQ 5 GHULYHV WKH YDOXH RI
VHWWLQIFRQWHQWYV FREWWQMW 5V KH
YDOXH RI' 5 LV VHW E\ DGGLQJ WR WKH
5

$QRWKHU NLQG Rl LQGLUHFW DGGUHVVLC
PDFKLQH PRGHO DOORZV U PHDQV WKH Pl
LQ WKH ORFDWLRQ ZKLFK LV UHSUHVHQW
UHJLVWHU J/LNHZLVH WKH YDOXH RI
GHULYLQJ WKH FRQWHQWYV IRXQG WKH ORF



WR WKH FRQWHQWY Rl UHJLVWHU U ,Q WKLV ZD\ :
H[DPSOH Rl DQ/'LVWUXEWKREOK GHULYHV
WKH FRQWHQWY R 5SFRQWH@WAL TRQWHQW YV
FRQWHQWYV 5
* )LQDOO\ DQRWKHU IRUP Rl LPPHGLDWH LQVWUXFWL
DOVR EH DOORZHG EXW WKLV WLPH LW LV FRQVW

H[DPSOH LV DQ LQVWUXFWLRQ ZKLFK ORDGV LQW
LQWR UHJLVWHU 5 6LPLGDUD\ WKH LQVWUXFWLRQ
DGGYV LQWHJHU LQWR UHJLVWHU 5 7KH FRQVWD

SUHFHGHG E\ WKH V\PERO

([DPSOH/KH WKUHH DGGUHVYV FRGH [ | FDQ EH LPSOH
XVLQJ WKH IROORZLQJ PDFKLQH LQVWUXFWLRQV

[ 5 D
$"' 5 5
67 D 5

+RZHYHU LI WKH WDUJHW PDFKLQH KDV WKH 3LQFUHPH
1& WKHQ WKH WKUHH DGGUHVY FRGH FDQ EH LPSOHPH
LQVWUABWPRQH HIILFLHQWO\ UDWKHU WKDQ XVLQJ ORDG
LOQVWUXFWLRQV

([DPSOH/ KH WKUHH DGGUHVV FRGH | \' + ] FDQ EH LPSOFH
XVLQJ WKH IROORZLQJ PDFKLQH LQVWUXFWLRQV

67 [ 5

((IDPSOHGXSSRVH $ LV DQ DUUD\ ZLWK HOHPHQWYV RI E\W
7KH LQGH[LQJ EHJLQV ZLWK 7KH WKUHH DGGUHVV FRGH
HIHFXWHG XVLQJ WKH IROORZLQJ PDFKLQH LQVWUXFWLRQ



[ 5 L
08/ 5 5
[ 5 $5
67 E 5

7KH ILUVW VWHS ORDGYV WKH YDOXHVNRIS, LQWR
FRPSXWHV L DQG WKH WKLUG"WAOHSPEQWFRV W
$ LQWR UHJLVWHU 5 )LQDOO\ WKH UHVXOW L\

(IDPSOHXSSRVH $ LV DQ DUUD\ ZLWK HOHPHQ
7KH WKUHH DGGUHVV FRGH $>L@ [ FDQ EH H[t
PDFKLQH LQVWUXFWLRQV

/" 5
/" 5 M
08/ 5 5

67 $ 5 5
([DPSOHKH WKUHH DGGUHVV FRGH IRU WKH SR

FDQ EH LPSOHPHQWHG XVLQJ WKH IROORZLQJ F
/" 5\
/' 5 5
67 [ 5
([DPSOHKH WKUHH DGGUHVV FRGH IRU WKH SR
FDQ EH LPSOHPHQWHG XVLQJ WKH IROORZLQJ F

I 5 \

/" 5 ]

67 5 5
([DPSOH 7KH WKUHH DGGUHVV FRGH IRU WKH
VWDWHPHQW LI [ \ JRWR / FDQ EHQPSOHPHQ

PDFKLQH LOQVWUXFWLRQV

/" 5

/" 5\

68% 5 5 5

%/7= 5 0
0 LV WKH ODEHO WKDW UHSUHVHQWW WKH ILL
WKUHH DGGUHVV FRGH ZKLFK KDV ODEHO /

7KH WDUJHW ODQJXDJH LV DOVR GHSHQGHQW
FRPSLODWLRQ RI SURJUDPY DQG LQVWUXFWLR(



&+(&. <285 352*5(66 ,,

7KH DVVHPEO\ FRGH FRQVLVWY RI DQ RSWLRQDO BBE
7KH ORDG LQVWUXFWLRQ ORDGV WKH FRQWHQWYV
DGGUHVV LQWR BBEBBBBBBBB
/KH VWRUH LQVWUXFWLRQ VWRUYUHVY WKH FRQWHQWYV
YDULDEOH
7KH XQFRQGLWLRQDO MXPS PD\ RFFXU ZLWKRXW DQ\
&RQGLWLRQDO MXPS RFFEXUV |ZKHQ WKH FRQGLYV
BBBBBBBBB

352*5%0 $1' ,16758&7,21 &2676

$ YHU\ LPSRUWDQW DVSHFW DVVRFLDWHG ZLWK WDUJHW
WKH FRVW Rl FRPSLOLQJ DQG UXQQLQJ D SURJUDP ,W
SUREOHP DQG VRPH RI WKH FRPPRQ FRVW PHDVXUHV DU
FRPSLODWLRQ WLPH DQG VL]H UXQQLQJ WLPH WDNHQ E\
DV ZHOO DV LWV SRZHU FRQVXPSWLRQ 7KH FRVW RI D¢
DVVXPHG WR EH RQH DVVRFLDWHG ZLWK WKH FRVWV
DGGUHVVLQJ PRGHV RI WKH RSHUDQGVY $GGUHVVLQJ PF
UHJLVWHUV FRVW JHUR 2Q WKH RWKHU KDQG DGGUHVVL
PHPRU\ ORFDWLRQ RU FRQVWDQW KDYH DQ DGGLWLRQDC
RSHUDQGY KDYH WR EH VWRUHG LQ WKH ZRUGV WKDW IRO

x 7TKH LQVWUXFWLRQ /'5 5 FRSLHV WKH FRQWHQWV R
LQWR UHJLVWHU 5 $V WKH LQVWUXFWLRQ GRHYV
DGGLWLRQDO PHPRU\ WKH LQVWUXFWLRQ LQFXUV D F

x 7TKH LQVWUXFWLRQ /' 5 D ORDGV WKH FRQWHQWYV
ORFDWLRQ D LQWR UHJLVWHU 5 R7KH FRVW RI WKLV L
VLQFH WKH DGGUHVV RI PHPRU\ ORFDWLRQ D LV LQ
IROORZV WKH LQVWUXFWLRQ

X 6LPLODUO\ WKH LQVWUXFWLRQ /' 5 5 ORDGV W
FRQWHQWY FRQWHQWYV FRQWHQWYV 5 LQWR UH.
FRVW Rl WKLV LQVWUXFWLRQ LV WKUHH EHFDXVH FRC
LQ WKH ZRUG WKDW IROORZV WKH LQVWUXFWLRQ



$''5(66(6 ,1 7+( 7$5*(7 &2'(

7KH QDPHV LQ WKH LOQOWHUPHGLDWH UHSUHVHC
FRUUHVSRQGLQJ DGGUHVVHV LQ WKH WDUJH
DOORFDWLRQ WHFKQLTXHV 7KH VWDWRF DQG
WKLV JHQHUDWLRQ IRU VLPSOH SURFHGXUH FD
UXQ LQ LWV RZQ ORJLFDO DGGUHVMQWIRFH DQ
IRXU FRGH DQG GDWD DUHDYV

x 7KH VL]H RI WKH WDUJHW FRGH LV GHWH
WLPH 7KHUHIRUH WKH VL]H RI WKLV DUHD
LW KROGYVY WKH HI[HFXWDEOH WDUJHW FRGH

X 7KH VLIHV Rl WKH JOREDO FRQVWDQWYV D¢
SURJUDP DUH JHQHUDWHG E\ WKH FRPSL(
GHWHUPLQHG DUHD FDOOHG 6WDWLF ZKLFFk

X 'XULQJ H[HFXWLRQ RI SURJUDPV REMHFW
IUHHG 7KLV PDNHV WKH DUHD WR EH H[SD
G\QDPLFDOO\ PDQDJHG DUHD LV WHUPHC
DOORFDWLRQ ZKLFK KROGV WKH GDWD REN

x $SDUW IURP WKHVH WKHUH LV D 6WDFN ZK
UHFRUGV ZKLFK DUH FUHDWHG ZLWK HDF
GHVWUR\HG ZKHQ WKH FDOO UHWXUQV 6
GXULQJ UXQ WLPH DQG KHQFH LW LV G\QDF

6WDWLF $OORFDWLRQ 7HFKQLTXH

7KH IROORZLQJ WKUHH DGGUHVV FRGHV PXVW
JHQHUDWH FRGHV IRU VLPSOH SURFHGXUH FDO

&DBDOOHH
5HWXUQ
+DOW
$FWLRQ

X X X X

6\PERO WDEOH SOD\V DQ LPSRUWDQW UROH G
VWRUHYV WKH LQIRUPDWLRQ RI HDFK LGHQWLI



JHQHUDWRU GHWHUPLQHVY WKH VL]IH DQG OD\RXW RI WKI
XVLQJ WKLV LQIRUPDWLRQ 7KH DFWLYDWLRQ UHFRUG
DGGUHVY RQ D SURFHGXUH FDOO DQG KRZ FRQWURO UHW
RYHU

7KH LQWHUPHG ED®BOWMBIEHPLHPGWHPHQWHG XVLQJ WKH
IROORZLQJ WZR WDUJHW PDFKLQH LQVWUXFWLRQV

67 FDOOHH VWIORMMLH $UHD
%5 FDOOHH FRGHS$UHD

7KH VWRUH LQVWUXFWLRQ VDYHV WKH UHWXUQ DGGUHVV
DFWLYDWLRQ UHFRUG IRU FDOOHH 7KH EUDQFK LQVWUXF
WR WKH WDUJHW FRGH GHVWLQHG IRU WKH SURFHGXUH
FDOOHH FRGID$BRQOVWDQW WKDW UHIHUV WR WKH DGGUH
LOVWUXFWLRQ RI FDOOHH DQG LW UHVLGHV LQ WKH &RG
PHPRU\ 2SHUDQG KHUH FROQWDLQV WKH UHWXUQ DGG
UHIHUULQJ WR WKH DGGUHVV RI WKH FXUUHQW LQVWUXFYV
HQGYV ZLWK D UHWXUQ WR WKH FDOOLQJ SURFHGXUH

LOVWUXFWLRQ WUDQVIHUV FRQWURO WR WKH UHWXUQ

EHILQQLQJ RI WKH DFWLYDWLRQ UHFRUG IRU FDOOHH

%5 FDOOHH VWDWLF$UHD

6WDWLF DOORFDWLRQ LV SRVVLEOH ZKHQ WKH FRPSLOH
GDWD REMHFWYV GXULQJ FRPSLOH WLPH

6WDFN $OORFDWLRQ 7HFKQLTXH

&UHDWLRQ Rl GDWD REMHFWYV LV GRQH GXULQJ UXQ WLP
RQWR WKH VWDEN XVLQJ /DVW ,Q )LUVWBRXW /,)2 WH
SRVLWLRQ RI DQ DFWLYDWLRQ UHFRUG IRU D SURFHGXU'}
UXQ WLPH 7KH SRVLWLRQ LV XVXRQDTXWRUHG LQ D UHJI
XVHV UHODWLYH DGGUHVVHV IRU VWRUDJH RI DFWLYDW!|
DGGUHVVHVY FDQ EH WDNHQ IURP DQ\ NQRZQ SRVLWLRQ |



UHFRUG $ VSHFLDO UHJLVWHU FDOOGHM 6WDFN
WR WKH EHJLQQLQJ RI WKH DFWLYDWLRQ UHF
'KHQ FDOO WR D SURFHGXUH RFFXUV WKH F
WUDQVIHUV FROQWURO WR WKH FDOOHG SURFHC(
FRQWURO UHWXUQV WR WKH FDOOHG SURFH
GHFUHPHQWHG 7KLV UHVXOWY LQ GHDOORFDW
FDOOHG SURFHGXUH 7KH FRUUHVSRQGLQJ FF
IROORZYV

I 63VWDFNG6WDUW
+$/7

7KH ILUVW FRGH VHWV 63 WR WKH VWDUW RI '
SURFHGXUH ILUVW LQFUHPHQWY 63 VDYHV WK
FRQWURO WR WKH WDUJHW FRGH DUHD RI WKH

$'"' 63 6BDOOHU UHFRUGG6L]H
67 63 KHUH
%5 FDOOHH FRGH$UHD

7KH RSHUD@Q@GHU UH¥RUWGBROQMWWDQW WKDW UHSU
RI WKH DFWLYDWLRQ UHFRUG 7KHUHIRUH $"
SRLQW WR WKH QH[W DFWLYDWLRQ UHFRUG 7
LOQVWUXFWLRQ VWRUHV WKH UHWGURVENGREIUHV\
WKH LQVWUXFWLRQ WKDW IROORZV %5 DQG LV
E\ 63 7KH FDOOHG SURFHGXUH WUDQVIHUV FR
XVLQJ WKH FRGH

%5 63

7TKH UHWXUQ VHTXHQFH FRQVLVWY RI WZR SDL
LOQGLUHFWLRQV LQYROYHG 63 FRQWDLQV WK
WKH DFWLYDWLRQ UHFRUG DQG 63 UHSUH’
)LQDOO\ WKH YDOXH RI PXVW EH UHVWRUHG



JRU WKLV SXUSRVH D VXEWUDFWLRQ RSHUDWLRQ KDV WR
63 SRLQWV WR WKH EHIJLQQLQJ RI WKH DFWLYDWLRQ UHFF

68% 63 FABOOHU UHFRUGG6L]H

5XQ WLPH $GGUHVVHV IRU 1DPHV

1DPHV RI LQWHUPHGLDWH UHSUHVHQWDWLRQV DUH GHW
DOORFDWLRQ VWUDWHJ\ DQG OD\RXW RI ORFDO GDWD LC
IRU D SURFHGXUH :H DOUHDG\ KDYH PHQWLRQHG WKDW
DGGUHVV FRGHV DUH FRQWDLQHG DV HQWULHV LQ D VI
WHFKQLTXH KDV WKH DGYDQWDJH WKDW WKH IURQW HQG
HYHQ ZKHQ WKH FRPSLOHU LV SRUWHG LQWR D GLIITHUHQ'
GLIITHUHQW UXQ WLPH RUJDQL]DWLRQ 1DPHV DUH DFFHYV
DFFHVV VWRUDJH ORFDWLRQV $ WKUHH DGGUHVV FRGH \
FRSLHV LOQWR WKH ORFDWLRQ VSHFLILHG E\ \ 1RZ D\
VI\PERO WDEOH HQWU\ IRU \ FRQWDLQV WKH UHODWLYH D
\ UHVLGHVY LQ D VWDWLFDOO\ DBORORADWHGBVBUHD WKDW E'
WKH DFWXDO UXQ WLPHHEDS/GHUHMWMIRRP\SSZRXOG EH

FDQ HYHQWXDOO\ GHWHWRH. QEIXWIKEJ YARPSH (rRH

WLPH %XW WKH SRVLWLRQ RI VWDWLF DUHD PD\ QRW
LOWHUPHGLDWH FRGH WR DFFHVV QDHPH LV JHQHUDWHG ,
WKUHH DGGUHVV FEOWHP BXWLRRPSKGHH IJHQHUDWLRQ
SKDVH RU GXULQJ ORDGLQJ SKDVH E\ WKH ORDGHU RU EI
UuxQv 7KHUHIRUH WKH VWDWHPHQW \ ZRXOG EH WUDQ

VWDWLF > @

, I WKH VWDWLF DUHD VWDUWYV ZLWKHDGGUHVV WKH
VWDWHPHQW ZRXOG EH

/ 1
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7KH FRVW RI DQ LQVWUXFWLRQ
DVVRFLDWHG ZLWK WKH FRVWV R
RI WKH RSHUDQGV
$GGUHVVLQJ PRGHV LQYROYLQJ
7KH LQVWUXFWLRQ /' 5 5 LQFXI
:KDW DUH WKH WZR DOORFDWLF
QDPHV Rl LQWHUPHGLDWH UHS
DGGUHVVHV LQ WKH WDUJHW FR(
7KH VWRUH LQVWUXFWLRQ VDY
EHJLQQLQJ RI WKH DFWLYDWLRQ
7KH BBBBBBBBBBBBLQVWUXFWLR
WDUJHW FRGH GHVWLQHG IRU Wt
&UHDWLRQ RI GDWD REMHFWYV LV
$ VSHFLDO UHJLVWHU FDOOHG B
WKH WRS RI WKH VWDFN

1DPHV Rl WKUHH DGGUHVV FRGH

LV DVVXP
 FFXUULQ

UHJLVWH
JV D FRVYV
RQ WHFKC
UHVHQWEL
SH "

HV WKH

UHFRUG
Q WUDOQ\
(H SURFH
GRQH GX
BBEBBBBBI

V DUH FR{

BBBBBBBBBBBB

581 7,0( (19,5210(17

7KH FRPSLOHU PXVW DFFXUDWHO\ LPGDHPHQW
LQ WKH VRXUFH ODQJXDJH OLNH QDPHV GDYV
RSHUDWRUV SURFHGXUHV SDUDPHWHUV DQG
7KHVH LPSOHPHQWDWLRQV UHTXLUH XVLQJ ER
RWKHU VI\VWHP VRIWZDUHV )RU WKL SXUSRYV
PDQDJHV D UXQ WLPH HQYLURQPHQW LQ ZKLF}
VXSSRVHG WR EH H[HFXWHG 7KLV HQYLURQPH
LVVXHV VXFK DV PHFKDQLVPV WR IRRMNW YDUL
RI VWRUDJH ORFDWLRQV IRU WKH VRXUFH S
EHWZHHQ SURFHGXUHV PHFKDQLVPV IRU SDVV
WR WKH RSHUDWLQJ VIVWHP LQSXW RXWSXW C

,W LV DOUHDG\ PHQWLRQHG WKDW WKH WDUJ
ORJLFDO DGGUHVV VSDFH 7KH RSHUDWLQJ
DGGUHVVHYV LQWR SK\VLFDO DGGUHVVHV RI PH

\



RUJDQL]DWLRQ RI ORJLFDO DGGUHVV VSDFH LV VKDUHG LC
RSHUDWLQJ V\VWHP DQG WDUJHW PDFKLQH 7KH REMHEF)
DFURVV WKH VSDFH LQ WHUPV RI GIDMIH DQG SURJUDP DU
DVVXPHG WR EH UHSUHVHQWHG LQ WHUPV RI EORFNV RI
$Q RUJDQL]DWLRQ RI WKH VDPH IRU D & FRPSLOHU KDV
EHORZ

&RGH

6WDWLF

+HDS

!

JUHH OHPRU

T

6WDFN
yLJ 6XEGLYLVLRQ RI UXQ WLPH PHRRYW\ LQWR FRGH DQG GDWD
6RXUFH &RPSLOHUV 3ULQFLSOHV 7HF&ERWKXHVY 7RROV E\ $KR /DF

8OOPDQ
7KH DPRXQW RI VWRUDJH UHTXLUHG IRU D QDPH LV GHWH
7KH EDVLF GDWD W\SHV LQWHJHU FKDUDFWHU RU IORDW
E\WHV &RPSRVLWH GDWD W\SHV OLNG DUUD\V RU VWUXF
ZLWK DJJUHJDWH VWRUDJH RI DOO LWV FRPSRQHQW W\SH

7KH VL]H RI WKH JHQHUDWHG WDUJHW FRGH LV GHWHUPL
WLPH DQG LV SODFHG LQ D VWO®REGEBWXXKXLEKWHUPLQHG DL
ZH KDYH GLVFXVVHG LQ WKH ODVW VHFWLRQ 7KH SURJ
VRPH GDWD REMHFWYV VXFK DV JOREDO FRQVWDQWV RU
GDWD PD\ DOVR EH SODFHG LQ DOVWEGDMNLFDOO\ GHWHUPL



6WDWLF 'DWD REMHFWYV PXVW DN BSWDWILHDH O
VLQFH WKH DGGUHVVHV GDWD REMHFWY FDQ |
GXULQJ FRPSLOH WLPH 7KH RWKHU WZR 6WDF
7KH\ PD[LPL]H WKH XWLOL]J]DWLRQ RI VSDFH GX
ZKHQ WKH SURJUDP H[HFXWHV :LWKRKWDFK SUR
UHFRUG LV JHQHUDWHG 7KHVH DFWLYDWLRQ
VWDFN W VWRUHV LQIRUPDWLRQ VXFK DV WK
DQG RWKHU PDFKLQH UHJLVWHUV ZKHQ D FDO
KHQ FRQWURO UHWXUQV EDFN ITURP WKH FI
DFWLYDWLRQ RI WKH FDOOLQJ SURFHGXUH Wi
DUH UHORDGHG DQG DOVR VHWWLQJ WKH SU
LPPHGLDWHO\ DIWHU WKH FDOO :H VKDOO Q°tF
PDQDIJHPHQW WHFKQLTXHYV IRU DOORFDWLRQ D

6WDWLF YV '\QDPLF 6WRUDJH $OORFDWLR

7KH DOORFDWLRQ RI GDWD WR PHPRU\ ORFDWI
WLPH HQYLURQPHQW 2QH VXFK LVVXH LQFO.
FRQWDLQYV YDULDEOHV ZLWK WKH VDPH QDPH
SURJUDP 7KHUHIRUH WKH\ UHIHU WR PXOWL,
KHQ WKH WRSLF RI VWRULQJ SURJUDP WHI[W
VWUDWHJI\ LV VWDWLF WKDW LV RWEHOBHFLVL
WLPH %XW ZKHQ WKH LVVXH RI H[HFXWLRQ |
GHFLVLRQ KDV WR EH G\QDPLF WKDW LV GXU
RI PHPRU\ WDNHV SODFH 6WDFN DOORFDWLF
VWUDWHJI\ ZKLFK KROGV WKH DFWLYDWLRQ U
RFFEFXUULQJ LQ D SURJUDP 7KH ORFDO GDWD C
DVVLIQHG VWRUDJH LQ D VWDFN $QRWKHU YI
DOORFDWH VWRUDJH WR GDWD REMHFWY DQG
DUH FUHDWHG LV FDOOHG DV KHDS NWRUDJH

WKH DOORFDWHG VWRUDJH LV UHWXUQHG *D
WKURXJK ZKLFK WKH UXQ WLPH V\VWHP GHWHF



DQG UHXVHV WKHLU VWRUDJH 7KRXJK FRPSOLFDWHG D
FROOHFWLRQ LV PXFK HVVHQWLDO WRGD\ IRU SURSHU PD!

67$&. $//2&$7,21 2) 63$&(

‘H DOUHDG\ KDYH PHQWLRQHG WKDW HYHU\ WLPH D SURI
VSDFH IRU ORFDO YDULDEOHV LV SXVKHG RQWR WKH VYV
SURFHGXUH WHUPLQDWHY WKH VSDRFHWLY UHOHDVHG IUR
DOO SURJUDPPLQJ ODQJXDJHV XVLQJ XVHU GHILQHG SURF
RU PHWKRGV XVH D VHIPHQW RI WKHLU UXQ WLPH PHPRU
DOORFDWLRQ DOORZV VSDFH WR EH VKDUHG E\ SURFH
GLIITHUHQW WLPHVWDPSV

$FWLYDWLRQ 7UHHYV

,Q DQ\ SURJUDPPLQJ ODQJXDJH WKH FRQFHSW RI QHVW
HILVWV KHQ D SURFHGXUH FDOOV DQRWKHU QHVWHG SL
SOb\ bW GLIIHUHQW WLPH )RU H[DPSOH D SURFHGXUH S
SURFHGXUH T &RUUHVSRQGLQJO\ DFWLYDWLRQV DUH D¢
TKHUHIRUH DFWLYDWLRQ RI' T PXVW HQG EHIRUH DFWLYD
WHUPLQDWLRQ RI DFWLYDWLRQV WDNHV SODFH ZLWK WKU

$FWLYDWLRQ T FRPSOHWHV LWV QRUPDO H[HFXWLRQ
,Q WKLV FDVH FRQWURO UHVXPHV WR WKH LQVWUXF
SRLQW RI S DW ZKLFK WKH FDOO WR T ZDV PDGH

6RPHWLPHVY WKH DFWLYDWLRQ RI T RU VRPH SURFHG
XQDEOH WR FRQWLQXH LWV QRUPDO H[HFXWLRQ ,Q
DFWLYDWLRQ T DERUWYV DQG ZLWK T S DOVR DERUWYV
6RPHWLPHVY DFWLYDWLRQ T WHUPLQDWHYV EHFDXVH L
H[FHSWLRQ ZKLFK T FDQQRW KDQGOH 3URFHGXUH S
WKH H[FHSWLRQ ZKLFK UHVXOWV LQ WHUPLQDWLRQ
DQG FRQWLQXDWLRQ RI DFWLYDWLRQ S ,I S LV XQD
WKHQ ERWK S DQG T WHUPLQDWHV DW WKH VDPH V



VLWXDWLRQ WKH H[FHSWLRQ ZRXOG EH I
DFWLYDWLRQ RI WKH SURFHGXUH

7KH DFWLYDWLRQV RI SURFHGXUHV GXULQJ HJ[t
UHSUHVHQWHG XVLQJ D WUHH FD@DROGHS DQ I
UHSUHVHQWY DQ DFWLYDWLRQ DQA WKH URRW
PDLQ SURFHGXUH WKDW LQLWLDWHVY WKH H[
FRUUHVSRQG WR WKH FKLOGUHQ RI D QRGH )
FDOOV SURFHGXUH T WKHQ T EHFRPHV WKH F
VKRZQ LQ WKH RUGHU LQ ZKLFK WKH\ DUH ED(
DFWLYDWLRQ DW WKH FKLOG QRGH PXVW ILQL
ULJKW EHJLQV

$FWLYDWLRQ 5HFRUGYV

$ FRQWURO VWDFN LV D UXQ WLPH DWIHFN ZKR)
WKH SURFHGXUH FDOOV DQG UHWXUQV W FR(
WKH SURFHGXUHYV EHLQJ FDOOHG 7KH URRW R
WKH ERWWRP ZKLOH WKH PRVW UHFKRBWO\ FDC
HQWLUH VHTXHQFH RI DFWLYDWLRQ UHFRUGV
DFWLYDWLRQ WUHH 7KH FRQWHQWY RI DQ DFYV
RI ODQJXDJHV

$FWXDO SDUDPHWHUV
SHWXUQHG YD|/OXHV
&RQWURO OLQN

$FFHVV OLQN
6DYHG PDFKLQH VWDWXV

IRFDO GDWD
THPSRUDULHV

)LJ $ FRPPRQ DFWLYDWLRQ UHFRUG
6RXUFH &RPSLOHUV 3ULQFLSOHV 7HFERWKAHY 7RRO
800OPDQ



'XULQJ H[HFXWLRQ RI H[SUHVVLRQV WHPSRUDULHV DUH

GDWD UHIHUV WR WKRVH GDWD ZKLAFHKGEHORQJ WR WKH SL
7KH VWDWXV RI WKH PDFKLQH MXVW EHIRUH FDOO WR D
VDYHG VRPHZKHUH 7KLV LQIRUPDWLRQ W\SLFDOO\ LQFC
DGGUHVYVY DQG WKH FRQWHQWYV RI WKH UHJLVWHUV XV|
SURFHGXUH 7KHVH YDOXHV PXVW EH UHVWRUHG ZKHQ

SURFHGXUH RFFEXUV $FWLYDWLRQV PD\ EH QHVWHG ZLV
$FFHVV OLQNV UHSUHVHQW D FKDLQ IURP WKH DFWLYDW
WRS RI VWDFN WR WKH RQH DW WKHDORZHVW J/LNH IRU
SURFHGXUH ZKLFK UHVLGHV ZLWKLQ SURFHGXUH S WKHC
DQ\ DFWLYDWLRQ RI T SRLQWV WR WKH PRVW UHFHQW DF
GHSWK RI S LV HI[DFWO\ RQH OHVV WKDQ WKDW RI T $ FI
SRLOQWYV WR WKH DFWLYDWLRQ UHFRUG RI WKH FDOOHU

YDOXH V 7KLY YDOXH LV SODFHG LQ WKH UHWXUQHG Y
FDOOLQJ IXQFWLRQ XVHV WKH DFWMXDRWDUDPHWHUV 7K
SODFHG LQ WKH DFWLYDWLRQ UHFRUG EXW UDWKHU LQ Ul

&DOOLQJ 6HTXHQFHV

$ FDOOLQJ VHTXHQFH LV D VHW \RILYPRGLHRQ WKDW DOORF
UHFRUG RQWR D VWDFN DQG DFFRUGLQJO\ HQWHUV LQ
ILHOGV ,Q RWKHU ZRUGV SURFHGXUH FDOOV DUH LPSC
FDOOLQJ VHTXHQFH 6LPLODUO\ D WHWXUQ VHTXHQFH Ul
WR LWV SUHYLRXV VWDWH IURP ZKLFK WKH SURFHGXUH
FDOOLQJ SURFHGXUH FDQ FRQWLQXH LWV QRUPDO H[HFX
VHTXHQFH LV FDOOHG ,I| WKH FDOOHU SURFHGXUH FDO
GLIIHUHQW SRVLWLRQV WKHQ WKH FDOOLQJ VHTXHQF}
JHQHUDWHG Q WLPHV $QG WKH FDO/OLQJ VHTXHQFH IR
JHQHUDWHG RQFH RQO\ &DOOLQJ VHTXHQFH DQG OD\R;
UHFRUG DUH GLIIHUHQW :KLOH GHVLJQLQJ WKH ERWK
SULQFLSOHV PXVW EH IROORZHG



X 9DOXHV WKDW SDVV EHWZHHQ FIHOOHU DQ
EHJLQQLQJ RI WKH FDOOHHYV DFWLYDWLR
WKHP FORVHU WR WKH FDOOHUYfV DFWLYD
EHKLQG WKLV SULQFLSOH LV WKDW WKH FC
RI WKH DFWXDO SDUDPHWHUV DQG SODEFH
DFWLYDWLRQ UHFRUG 7KLV GHEDUV FUHEL
UHFRUG RI WKH FDOOHH

x &RQWURO OLQN DFFHVV OLQN DQG PDFk
JHQHUDOO\ IL[HG OHQJWK LWHPV 7KH\ DU
PLGGOH Rl WKH DFWLYDWLRQ UHFRUG )RU
FRPSRQHQWY UHSUHVHQW WKH PDFKLQH V
RI FRGH FDQ GR VDYLQJ DQG UHVWRULQJ
7KLV FRQFHSW LV HIILEFELHQW IURP WKH SH
RI SURJUDPV EHFDXVH RQFH WKH PDFKLQH
VWDQGDUGL]HG LW LV HDVLHU IRU WKH
FRQWHQWYV RI WKH VWDFN LI HUURU RFEXU

Xx ORVW ORFDO YDULDEOHYV VL]H LV GHULYH
W\SH RI WKH YDULDEOH 7KH\ DUH IL[HG O
HI[DPLQHG GXULQJ FRPSLOH WLPH +RZH
YDULDEOHYTV VL]H FDQQRW EH GHULYHG X
H[DPSOH LQFOXGHV WKH G\QDPLF DUUD
GHWHUPLQHG E\ RQH Rl WKH SDUDPHWHUV
6XFK NLQG RI LWHPV ZKRVH VL]HV DUH Q
SODFHG DW WKH HQG RI WKH DFWLYDWLRQ

x $ JHQHUDO DSSURDFK WR ILQG WKH WRS R
HQG RI IL[HG OHQJWK ILHOGV RI WKH DFV
OHQJWK GDWD KDV DOUHDG\ EHHQ PHQWLR
DFFHVVHG E\ IL[HG RIIVHWV 7KH YDULDEC
DFWLYDWLRQ UHFRUG DUH JHQHUDOO\ SOD

7TKH FDOOHU DQG FDOOHH PXVW FRRSHUDWH 7
WKH VWDFN 7KH WRS VS LV D UHJLVWHU WKI



PDFKLQH VWDWXV ILHOG RI WKH FXXUWHQW DFWLYDWLRC
NQRZV WKLV SRVLWLRQ RI FDOOHHYYVY DFWLYDWLRQ UHFRI
VS EHIRUH FRQWURO SDVVHV WR WKHHEDOOHH 7KH FDOO
WKH FDOOHU DQG FDOOHH DUH DV IROORZYV

&DOOHU HYDOXDWHYV WKH DFWXDO SDUDPHWHUYV
&DOOHU VWRUHV WKH UHWXUQ DGGUHVV DQG WKH S
WRS VS LOWR WKH FDOOHHYYV DFWLYDWLRQ UHFRUG
LOQFUHPHQWY WRS VS WR PRYH LW SDVW WKH FDOOH!I
WHPSRUDULHY DV ZHOO DV FDOOHHYYVY SDUDPHWHUYV D
SHILVWHU YDOXHVY DQG RWKHU VWDWXV LQIRUPDWLR
VDYHG

IRFDO GDWD RI WKH FDOOHH DUH LQLWLDOL]HG DQG
VDPH EHJLQV

7TKH UHWXUQ VHTXHQFH ZRUNV LQ WKH IROORZLQJ PDQQH

7KH FDOOHH SODFHV WKH UHWXUQ YDOXH QH[W W
SDUDPHWHUYV

7KH FDOOHH UHVWRUHVY WRS VS DQG RWKHU UHJLVWH
WKH UHWXUQ DGGUHVV WKDW WKH FDOOHU KDG SODF
7KH FDOOHU NQRZV WKH UHWXUQ DGGUHVYV UHODWL"
YDOXH RI WRS VS DQG XVHV LW

O9DULDEOH OHQJWK 'DWD RQ 6WDFN

$ SURFHGXUH PD\ FRQWDLQ ORFDO GDWD REMHFWV ZKRV
GXULQJ UXQ WLPH DQG WKXV PD\ EH DOORFDWHG RQWR W
FRPSLOHUV VXFK REMHFWYVY DUH DOORFDWHG VSDFH LQ
JDUEDJH FROOHFWLRQ LW LV DOZDVUW\YUHIHUDEOH WR S
DQG RWKHU VWUXFWXUHVY RQWR WKH VWDFN

$ SURFHGXUH FDQ KDYH ORFDO DUUD\V ZKRVH VL]JHV FDQC
DW FRPSLOH WLPH 7KH DFWLYDWLRQ UHFRUG VWRUHV R
EHIJLQQLQJ RI HDFK DUUD\ UDWKHU MW DQ VWRULQJ WKH
FRGH FDQ DFFHVV WKH HOHPHQWYV RI WKH DUUD\ WKURXJ}
LV D QHVWHG SURFHGXUH RI WKH SDUHQW SURFHGXUH S



UHFRUG IRU T EHJLQV DIWHU WKH DI
SODFHG WKDW

'‘DWD DFFHVVLQJ RQ VWDFN FDQ EH G
WRS 7KH DFWXDO WGHQRWHG E\ WR
DFWLYDWLRQ UHFRUG EHJLQV VS LV XVHG WR
ORFDWH WK OHQJWK ILHOGV RI WKH V
DOUHDG\ PHQWVS SRLQWV WR WKH HC
ILHOG DFWLYDWLRQ UHFRUG 7KH FRCQC
WKH SRVLWLRQ RI SV DF VS SRLQWF

ZDV W@H WRS KHQ VUHWXHOYWRWRS
OLQN RI TTV DFWLYDWLRQ UHFRLW DV WRS
VS PLQXV WKH OHQJWK RI PDFKLQH F

DQG SDUDPHWHU ILHOGV 7KLV OHQJ
GHULYHG GXULC

yLJ $OORFDWLRQ RI G\QDP
BRXUFH &I 3ULQPLSTHFKQLTXHV 7RROV

800PDQ
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8QOLNH VWDFN KHDS LV WKDW SRUWLRQ RI PHPRU\ W
LQGHILQLWHO\ 'DWD JHWV HUDVHG RQO\ ZKHQ WKH SU
GHOHWHYV LW O6RPHWLPHVY ODQJXDJRIV OLNH & RU -DY
FUHDWH GDWD REMHFWYV WKURXJK RSHUDWRUV OLNH QH.
RQH SURFHGXUH LQWR DQRWKHU 7KH\ FRQWLQXH WR
SURFHGXUH WR ZKLFK WKH\ ZHUH ORFDO 6XFK REMHFW'
KHDS

$ YHU\ LPSRUWDQW DVSHFW RI KHD® ®DQDJHPHQW LV WK
GHDOORFDWLRQ RI VSDFH ZLWKLQ WKH KHDS 7KH PHPR!
SDUW RI WKH RSHUDWLQJ V\VWHPVWEBBW DOORFDWHV DC(
ZLWKLQ KHDS W VHUYHV DV DQ LQWHUIDFH EHWZHHQ
SURJUDP DQG WKH RSHUDWLQJ V\VWHP 7KHUH DUH VRPH
& ZKLFK GR WKH UHPRYDO RI FKXQNV IURP WKH KHDS

$SDUW IURP NHHSLQJ WUDFN RI DOQRUYHH VSDFHV RI KHD
PDQDJHU SHUIRUPV WZR EDVLF IXQFWLRQV

X $OORFDMWWIR@I H[HFXWLRQ Rl SURJUDPV WKHUH LV D
IRU VWRULQJ WKH YDULDEOHYV DQG REMHFWYV UHVLGL
7KH PHPRU\ PDQDJHU ILQGV WKH FRQWLQXRXV FKXQ
VSDFH HQRXJK WR KROGV WKH SURJUDP LQ WKH KHD
WKH VDPH WR WKH SURJUDP ,I QR VXFK VSDFH LV D
KHDS VL]H LV LQFUHDVHG E\ JHWWLQJ FRQWLJXRXV E
PHPRU\ IURP WKH RSHUDWLQJ V\VWHP

X '"HDOORFDRMLRQ@QORFDWHG VSDFH LV WR EH UHWXUQH
DYDLODEOH SRRO RI IUHH VSDFHV ZKHQ WKH H[HFX
SURJUDP LV RYHU 7KH LGHD EHKLQG WKLV LV WR UH>
WKDW RWKHU SURJUDPV FDQ EH DOORFDWHG WKH VDF

OHPRU\ PDQDJHPHQW LV FRPSOLFDWHG DV WKH DOORFDW
SURJUDPV DUH QRW RI VDPH VL]H $SDUW IURP WKLV WKF



ILUVW LV QRW UHOHDVHG ILUVW 6R DOORFL
IRUHVHHDEOH 7KXV WKH PHPRU\ PDQDJHUT\
DOORFDWLRQ RI PHPRU\ RI DQ\ VLIH WR WKH S
RQ ZKHQ WKH PHPRU\ ZRXOG EH UHOHDVHG O
SRVVHVV VRPH SURSHUWLHY DV PHQWLRQHG EI

X 6SDFH (IILRIQHQWXUSRVH RI PHPRU\ PDQD.
PLQLPL]H WKH WRWDO KHDS VL]H UHTXLUF}
HIILFLHQF\ LV D PXVW LQ KHDS PHPRU\ WR
6SDFH HIILFLHQF\ LV FRQFHUQHG LQ KHDS
UXQ LQ D IL[HG YLUWXDO DGGUHVV VSDFH

X 3URJUDP (IILACHQW.PH WR H[HFXWH DQ LGQ
ZLGHO\ GHSHQGHQW RQ ZKHUH WKH RENM
PHPRU\ :LWK WKH EHWWHU XVH Rl VSDFH
IDVWHU 7KH WLPH WDNHQ WR H[HEXWH D¢
UHVSHFW WR WKH WLPH WDNHQ WR DFEFH
PHPRU\

OHPRU\ +LHUDUFK\ RI D &RPSXWHU

$00 PRGHUQ FRPSXWHUV DUUDQJH WKHLU PHF
KLHUDUFK\ 7KH KLHUDUFK\ RI PHPRU\ FRQVLV
HOHPHQWY 7KH VPDOOHU DQG IDVWRU VWRUD
WKH SURFHVVRU DQG WKH ODUJHU DQG VORZ
7\SLFDOO\ WKH VPDOOHU DQG IDVWNIHDWFEWHPRU\
WKH\ DUH WKH IDVWHVW PHPRU\ HYH®V WKHUH
FDFKH XVXDOO\ PDGH RI VWDWLF 58%0H 7KH QH|[
SK\VLFDO RU PDLQ PHPRU\ ZKRVH VL]H LV PR
PHPRU\ 7KHQ WKH SK\VLFDO PHPRU\ LV IROOR
LPSOHPHQWHG RQ GLVNV PRVW FRPPRQO\ 7KH
WKH ODUJHVW W\SLFDOO\ LQ WRSBEDMHR Q' XU
WKH PHPRU\ DW WKH ORZHVW OHYHMWHRRNYV IR



WKH PDFKLQH ORRNV IRU WKH V /DUJH
EORFNV RI GDWD DUH DVVLWKH KLHUDUFK\

%HWZHHQ PDLQ PHPRU\ DVIHUUHG LQ EORFNV $QG
EHWZHHQ YLUWXDO PHPRU\ DQG PDL
WHUPV RI EORFNV RI SDJHV

$ SURJUDP PD\ FRQWDLQ KXQGUHGV F
DUH VHOGRP H[HFXWHG :LWK FKDQJH
DQG VRWKHRFRGHY DUH QHYHU XVHG

VSHQGY PRVW RI LWV WLPH H[HFXWL
SURFHGXUHV RI WKH SURJUDP 7KHUH
DFWXDOO\ HIHFXWHG 7R ORZHU WKH
suBDP WKH PRVW FRPPRQO\ XVHG L

yLJ OHPRU\ KLHUDUFK\ RI
6RXUFH &RBSBLOQHUSOHV T7THFKQLTXHV 7R
800OPDQ

LQVLGH WKH IDVW DQG VPDOO VWRDI
NHHSV WKH OHVV FRPPRQO\ XVHG LQ



ZKHQ SURJUDPV VSHQG PRVW RI WKHLU WLPI
IUDFWLRQ RI FRGH DV ZHOO DV GDWHBHH 7KDW L'
DFFHVVHG UHSHDWHGO\ ,| ORFDWIMMHG DFFHYV
ZLWKLQ D VKRUW SHULRG RI WLPH 7KLV LV Wt
WKH SURJUDP ,Q VRPH FDVHV PHPRU\ ORFI
ORFDWLRQV DFFHVVHG DUH OLNHO\ WR EH DF
IRFDOLW\ RI VXFK NLQG LV WHUPHG DV VSDWI
VKRZFDVH ERWK WHPSRUDO DQG VSDWLDO Ol
DGMXVWLQJ WKH FRQWHQWYV RI WKRHLIBWWHVW
EH RI VL]IH ELJJHU WKDQ WKH VL]H RWWKH DYCL
LV QRW WKDW SRVVLEOH WR VD\ ZKLFK FKXQWM
KHDYLO\ VLPSO\ E\ ORRNLQJ DW WKH FRGH

7KH ORFDOLW\ SULQFLSOH ZRUNV ZHOO ZKHQ
LOQVWUXFWLRQVY DUH SODFHG LQVLGH WKH FD
HIHFXWHG LW LV KLJKO\ SUREDEOHOWKDW LW
DOVR EH H[HFXWHG QH[W 7KLV LV VBHDWLDO O
LPSURYHG E\ NHHSLQJ WKH FRQWLJXRXV LQVYV
DQG WKHQ ORDGLQJ WKHP RQ WKH VDPH SDJ
SRVVLEOH )XUWKHU ZH FDQ LPSURYH WKH Wt
E\ FKDQJLQJ WKH GDWD OD\RXW RU WKH RUGHL

5HGXFLQJ )UDJPHQWDWLRQ

$ KHDS LV EDVLFDOO\ D FRQWLQXRXV PHPRU\
SURJUDP LV H[HFXWLQJ :KHQ DOORFDWLRQ D¢
WDNHV SODMHKHQUHHDEKXQNV DUH QRW FRQW
OHDYH KROHV LQ WKH KHDS :KHQ DQ DOORF
PHPRU\ PDQDJHU ORRNV IRU WKH ODUJHVW K
SURJUDP 2QFH WKH SHUIHFW KROH RI H[DFV
IRXQG WKH KROH KDV WR EH VSOLWLQ7KLV VS«
WKH KHDS 6LPLODUO\ GXULQJ HDFK GHDOORI
VSDFHV DUH DGGHG WR WKH SRRO RI IUHH VS|



PHPRU\ IUDJPHQWHG 7KLV FRQVLVWY RI ODUJH QXPEHU
FRQWLJXRXV KROHV 7KH LPSOLFDWLRQ RI WKLV WHEFK
LQYROYHV FUHDWLQJ KROHV QRW ODUJH HQRXJK WR FRQ
I XWXUH

7KLY SUREOHP RI IUDIJPHQWDWLRQ FDQ EH UHGXFHG HIIH
VRPH JRRG VWUDWHILHV 2QH VWUDWHI\ PLIKW EH DOORT
PHPRU\ WR WKH VPDOOHVW DYDLODEOH KROH ODUJH HQR
EHVW ILW DOJRULWKP ZKLFK DVVLIQV WKDW DPRXQW RI \
SURJUDP $OWHUQDWLYHO\ WKH ILUVW ILW VWUDWHJI\ S
WKH ILUVW DYDLODEOH VWRUDJH LQ ZKLFK LW ILWV 7K
WHFKQLTXH LV WKDW LW WDNHV OHVV DPRXQW RI WLPH IF

7KH TlUHH VSDFH FKXQNV DUH VHSDUDWHG LQWR ELQV D
VLIHV (DFK ELQ LV D PXOWLSOH RI E\WH FKXQN WKDW L

E\WHV 7KH FKXQNV ZLWKLQ WKHVH ELQV DUH DUUDQ
WKHLU VL]H 7KH ELQ WKDW FDQ KROG WKH GHVLUHG SDJ
HLWKHU WKH EHVW ILW RU ILUVW ILW\VWUDWHJ\ LV XVHG
ODUJH ILUVW FKXQN RU WKH VPDOOHVW FKXQN UHVSHFW|
ILW PD\ OHDYH VRPH H[WUD VSDFH LQ WKH FKXQN ZKLF
SODFHG LQ D ELQ ZLWK VPDOOHWMANIYRY H%HVW ILW VWUD
VSDFH XWLOL]J]DWLRQ

ODQDJHPHQW RI IUHH VSDFH LV D YHU\ LPSRUWDQW RI PH
KHQ PHPRU\ LV GHDOORFDWHG PDQXDOO\ LW LV WKH WELC
PDQDJHU PXVW PDNH WKH IUHH FKXQN DOORFDWHG DJD
SRVVLEOH WR FRPELQH WKH FKXQN ZLWK WKH DGMDFHQV
DQG IRUP D ODUJHU FKXQN ,W LV SRVVLEOH WR LQFOHX
SURJUDP LQWR D ODUJHU FKXQN RU VPDOO FKXQNV RI HT.
LQ D ODUJH FKXQN 7KH SURFHVV RI FRPELQLQJ WKHVH V
WHUPHG DV FRDOHVFH

.| FKXQNV Rl RQH IL[HG VL]H LV NHSW LQ D ELQ WKHQ L
FRDOHVFH WKH DGMDFHQW EORFNV LQWR RQH ELJ VL]H



PHFKDQLVP FDQ EH IROORZHG E\ NHHSLQJ DOO
DQG NHHS D ELWPDS RI DOORFDWLRQ GHDOORF
LQGLFDWHYV WKDW WKH FKXQN LV RFFXSLHG Z
GHDOORFDWLRQ RI FKXQN FKDQJHV ELW W F
UHTXLUHV ILQGLQJ D FKXQN ZLWK ELW DQG FI

7TKHUH DUH WZR GDWD VWUXFWXUHV WKDW V>
I[lUHH EORFENYV

X %WRXQGDU\(DPXKVFKXQN FRQVLVWV RI WZR H
KLIJIK 7KH FKXQN PD\ EH IUHH RU DOORFDYV
LV NHSW E\ XVLQJ IUHH XVHG ELW IRU HDFI
VLIH LV DOVR NHSW DGMDFHQW WR HDFK IL

Xx '"RXEO\ /LQNHG (PEHGGHGBHHUHFHKXQNW DUH
OLQNHG ZLWK D GRXEO\ OLQNHG OLVW 3F
NHHS WUDFN RI WKH QH[W DGMDFHQW EOR|
DFFRPPRGDWH WZR ERXQGDU\ WDJV DQG \
WKH REMHFW LV D VLQJOH E\WH L™WKH OLVW
FDQ LPSOHPHQW EHVW ILW SODFHPHQW VW

ODQXDO 'HDOORFDWLRQ DQG $VVRFLDWHG

ODQXDO GHDOORFDWLRQ LQYROYHV WKH SU
GHDOORFDWH GDWD /DQJXDJHV VXFK DV & RU
7KH GDWD WKDW LV QR ORQJHU EH XVHG VKRX(
WKH PHPRU\ PXVW EH UHOHDVHG &RQYHUVHO\
UHTXLUHG WR EH UHIHUHQFHG VKRXOG QRW E}I
VRPH GLIILFXOWLHVY WR HQIRUFH WKHVH SURSF

7TKHUH DUH WZR FRPPRQ SUREOHPV WKDW |
GHDOORFDWLRQ RI VWRUDJH SHIHUHQFLQJ
GHOHWHG 7KLV LV FDOOHG GDQJOLQJ SRLQWH
WR GHOHWH GDWD WKDW FDQQRW EH UHIHUHQ
OHDN HUURU



IHW XV GLVFXVV WKH VHFRQG RQH ILUVW W LV XQSUHGL
ZLOO QHYHU UHIHU WR VRPH VWRUDJH LQ WKH IXWXUH
VWRUDJH VKRXOG EH GHOHWHG 7KH H[HFXWLRQ VSHHG
KLJKO\ DITHFWHG E\ WKH PHPRU\ OHDNV +RZHYHU WKH
SURJUDPV VXFK DV WKH RSHUDWLQJ V\VWHP RU WKH VHU)
VXFK OHDNDJH

7KHUH LV D zZzD\ WR UHVROYH WKLV SUREOHP $XWRPI
FROOHFWLRQ LV D WHFKQLTXH WKURXJK ZKLFK JDUEDJH
LQ RUGHU WR JHW ULG RI PHPRU\ OHDNV 1 DQ REMHF\
UHIHUHQFHG LQ WKH IXWXUH WKHQ WKRVH UHIHUHQFH'
&RQVHTXHQWO\ WKH REMHFWV FDQ DOVR EH GHDOORFDW

1RZ WKH VHFRQG FRPPRQ PLVWDNH RI GDQJOLQJ SRLQW
PD\ RFFXU :KLOH GHOHWLQJ VWRUDJH LW PD\ KDSSFt
FRUUHVSRQGLQJ GDWD PD\ JHW UHIHUHQFHG 'DQJOLQJ

SRLQWHUV ZKLFK SRLQW WR WKH GHDOORFDWHG VWRUD
UHDOORFDWHG WR WKH VWRUDJH DQ\ NLQG RI RSHUDWL
WKURXJK WKH SRLQWHUV 5HIHUHQFLQJ RSHUDWLRQV VX
GHDOORFDWH YLD SRLQWHU DQG WULHV WR XVH WKH REM
DV GHUHIHUHQFLQJ WKH SRLQWHU B5HDGLQJ WKURXJK

UHWXUQ DQ DUELWUDU\ YDOXH ZKHUHDV ZULWLQJ DUEL
YDOXH RI D YDULDEOH 'HDOORFDWLRQ RI GDQJOLQJ S
PHDQV WKDW VWRUDJH Rl WKH QHZ YDULDEOH FDQ EH D
RQH OHDGLQJ WR FRQIOLFW RI DFWLRQV RQ WKH ROG DQC
UHDOORFDWLRQ GHUHIHUHQFLQJ D GDQJOLQJ SRLQWHU |
HUURU $Q HUURU PD\ EH UHIHUHQFLQJ DQ LOOHJDO DGG!
NLQG PD\ LQFOXGH GHUHIHUHQFLQJ QX0OO SRLQWHUV DQ
RI ERXQGV DUUD\ HOHPHQW 7KHUH DUH FRQYHQWLRQV
KDQGOH VXFK GLIILEXOWLHYV LQ PDQDJLQJ RI PHPRU\
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7KH RSHUDWLQJ V\WWHP PDSV
BBBBBBBBRI PHPRU\

7KH DPRXQW RI VWRUDJH UH
GHWHUPLQHG E\ LWV BBBBBBBB
6WDFN DOORFDWLRQ VWUDWHJ
HDFK SURFHGXUH RFFXUULQJ L
$ BBBBBBBBB LV D VHW RI FI
DFWLYDWLRQ UHFRUG RQWR D
LQIRUPDWLRQ LQWR LWV ILHOG
7KH SRUWLRQ RI PHPRU\ WKDW
BBBBBBBBBBB

7KH IDVWHVW PHPRU\ LV BBBBB
%HWZHHQ PDLQ PHPRU\ DQG FI
LOBBBBBBBBBBBBBBBB
%HWZHHQ YLUWXDO PHPRU\ D(
WUDQVIHUUHG LQ WHUPV RI EOH
5HIHUHQFLQJ GDWD ZKLFK DUH
BBBBBBBBBBBBBBBBB
)DLOLQJ WR GHOHWH GDWD WKJ
DV BBEBBBBBBBBBBBBBB BBBBBB

WKH ORJLF
TXLUHG IF
BB

\ KROGV \
D D SURJUD
RGHV WKD'
VWDFN DQ
/
VWRUHV

BSBBBBBBBB
DFKH GDW

PG PDLQ P
RFNV RI BB
DOUHDG\

DW FDQQRYV
BBBBB

*$50%$*( &2//(&7,21

ORVW SURJUDPPLQJ ODQJXDJHV SURYLGH WK
JDUEDJH FROOHFWLRQ W LV D WHFKQLTXH W
PHPRU\ KROGLQJ REMHFWV WKDW DUH QR ORQJ
FDQ EH UHFODLPHG 2EMHFWYV XVHG LQ D SUF
GHWHUPLQHV WKH VL]H RI WKH REMHFWYV 7KH
ZKLFK FRPSRQHQWY RI DQ REMHFW UHIHU WR
LQFOXGH REMHFWY DUH DOZD\V SRLQWHG WR \
WKH REMHFW 7KXV DOO UHIHUHQFHV WR DQ R
WKLV PDNHVY WKH REMHFW XQLTXH

$ PXWDWRU LV D XVHU GHILQHG SURJUDP ZK
DFTXLULQJ VSDFH IURP WKH PHPRU\ PDQDJHU



REMHFWY DUH FUHDWHG DQG GURSSHG XVLQJ WKLV SUR:
FDQQRW UHDFK DQ\ REMHFW WKHQ WKH REMHFW EHFRI
JDUEDJH FROOHFWRU ILQGYV VXFK XQUHDFKDEOH REMHEF)
WKHLU RFFXSLHG VSDFH WR WKH PHPRU\ PDQDJHU

7\SH VDIHW\ LV D EDVLF FRPSRQHQW QHHGHG E\ DQ DXW
FROOHFWRU 7KLV LQGLFDWHVY ZKHWKHU D JLYHQ GDWD H
RI D GDWD HOHPHQW FRXOG EH XVHG DV D SRLQWHU WR
PHPRU\ VSDFH $ W\SH VDIH ODQJXDJH LV WKH RQH IRU ZK
LWV GDWD FRPSRQHQWY FDQ EH GHWHUPLQHG GXULQJ
+RZHYHU WKHUH DUH SURJUDPPLQJ ODQJXDJHV OLNH -D
FDQQRW EH GHWHUPLQHG GXULQJ UXQ WLPH UDWKHU W
6XFK NLQG RI ODQJXDJHV LV FDOOHG G\QDPLFDOO\ W\SH
XQVDIH ODQJXDJH LV QHLWKHU VWDMWLFDOO\ QRU G\QD
8QVDIH ODQJXDJHV DUH EDG FDQGLGDWHV IRU DXWRF
FROOHFWLRQ $ SURJUDP FDQ UHIHBHVR DQ\ PHPRU\ ORFEL
7KLV LQ WXUQ UHVXOWV LQ FRQVLGHULQJ HDEK PHF
PDQLSXODWHG DUELWUDULO\ DQG ILQDOO\ VWRUDJH FD
UHFODLPHG 6LPLODUO\ DUELWUDU\ DULWKPHWLF RSHU
FUHDWH QHZ SRLQWHUV DQG DUELWUDU\ LQWHJHUV FDQ
([DPSOHV RI VXFK NLQG LQFOXGH ODQJXDJHV OLNH & RU &

/KHUH DUH VRPH SHUIRUPDQFH PDWULFHVY WKDW PXVW EF
GHVLIJQLQJ D JDUEDJH FROOHFWRU

x *DUEDJH FROOHFWLRQ LV FRQVLGHUHG WR EH VORZ
LQFUHDVHVY WKH WRWDO H[HFXWLRQ WLPH RI D SURJI
D GUDZEDFN WR WKH V\VWHP 7KHUHIRUH WKH RYHL
WLPH LV JUHDWO\ DIIHFWHG WKH JDUEDJH FROOHF
OHYHUDJHV RQ WKH PHPRU\ VXEV\VWHP

x 6SDFH XVDJH SOD\V D YLWDO UROH LQ GHVLJQLQJ
FROOHFWRU 2QH LPSRUWDQW WKLQJ WKDW PXVW EH



GHVLJQLQJ D JDUEDJH FROOHFWRU LV
IUDJPHQWDWLRQ DQG PDNHV WKH EHVW SR

X 6LQFH DOORFDWLRQ DQG GHDOORFDWLRQ
WKURXJK PXWDWRUV WKH JDUEDJH FROC
SDXVH VXGGHQO\ IRU DQ H[WUHPHO\ ORQJ
PLQLPL]JH VXFK SDXVH WLPH $SDUW IURP
VHQVLWLYH DSSOLFDWLRQV ZKLFK DUH U
GXULQJ UHDO WLPH PXVW VXSSUHVV JDUEL
DSSOLFDWLRQ RU WDVN FRPSOHWHV VPRR
LV OHVV SUDFWLFHG LQ UHDO WLPH RSHL
WLPH LV LPSRUWDQW LQ WKH GHVLJQ RI JC

Xx 7TKH UXQQLQJ WLPH FDQQRW VROHO\ GHW
JDUEDJH FROOHFWRU 'DWD ORFDOLW\ ZI
VHFWLRQ SHUWDLQLQJ WR WKH PX
FRQWUROOHG E\ WKH JDUEDJH FROOHFWRL
WKH PXWDWRU SURJUDP LV LPSURYHG E\
UHXVLQJ WKH VSDFH 6LPLODUOWLWHKH PXW
HQKDQFHG E\ GDWD UHORFDWLRQ LQ WKH \

7KLV LV ZRUWK PHQWLRQLQJ KHUH WKDW DO
PXVW QRW LQFXU ODUJH RYHUKHDG ORUHRY
ZKHQ LW GHDOV ZLWK ODUJH REMHFWYV UDWK

$ YLWDO SRLQW WKDW VKRXOG EH XQGHUVW
VHW S5RRW VHW FRQVLVWY RI VHW®I DOO W
GLUHFWO\ E\ D SURJUDP ZLWKRXW KDYLQJ W
%\ WUDYHUVLQJ WKH URRW VHW WKH SURJU
DW DQ\ WLPH +RZHYHU UHDFKDEL®LW\ LV F|
LV RSWLPLIJHG E\ WKH FRPSLOHU &RPSLOHL
YDULDEOHYVY LQ UHJLVWHUV $QG VRPHWLF
PDQLSXODWH WKH PHPRU\ DGGUHVVHV LQ RL
KHQ D SURJUDP H[HFXWHV WKH VHW RI L



FKDQJHV $V D QHZ REMHFW LV FUHDWHG WKH VHW LQF
ZKHQ LW EHFRPHV XQUHDFKDEOH 2QFH DQ REMHFW LV
QHYHU EHFRPHVY UHDFKDEOH DJDLQ 7R FKDQJH WKH VI
REMHFWYVY WKH PXWDWRU SHUIRUPVY VRPH VSHFLILF WD\

Xx 2EMHFW DOORFDWLRQ LV VRPHWKLQJ WKDW LV UF
PHPRU\ PDQDJHU ,W UHWXUQV WKH UHIHUHQFH W
DOORFDWHG FKXQN RI PHPRU\ 7KLV RSHUDWLRQ L
PHPEHUV WR WKH VHW RI UHDFKDEOH REMHEWYV

X 5HIHUHQFHV WR REMHFWV DUH SDVVHG IURP W|
SDUDPHWHUV DQG IURP WKH UHWXUQHG UHVXOW 6
WR REMHFWV DUH UHDFKDEOH

X SHIHUHQFH DVVLJQPHQWY LQYROYLQJ WZR UHIHUHC
RI WKH IRUP X Y KDYH WZR HIIHFWV )LUVW X UH
REMHFW UHIHUUHG WR E\'Y 8QWLO WKH WLPH X LV
REMHFEW LV UHIHUV LV DOVR UHDFKDEOH 6HFRQG
UHIHUHQFH WR X LV ORVW WKH REMHFW LV XQUHD
DV DQ REMHFW LV UHDFKDEOH DOO REMHEWYV WKI
RQO\ WKURXJK UHIHUHQFHV FRQWDLQHG LQ WKDW
UHDFKDEOH +RZHYHU WKH FRQYHUVH LV QRW SRV

X :KHQ D SURFHGXUH H[LVWV WKH ORFDO YDULDEC
SURFHGXUH DOVR H[LVW LQ WKH VWDEN :KHQH
SURFHGXUH HQG WKH YDULDEOHV DUH DOVR SRSS
UHDFKDEOH UHIHUHQFH ZDV WKHUH WKH FRUUHVS
ZRXOG EHFRPH XQUHDFKDEOH &RQVHTXHQWO\ PR
UHIHUHQFHV PD\ JHW ORVW

7TKHUH DUH WZR EDVLF ZzZD\V WR ILQG WKH XQUHDFKEL
TUDQVLWLRQV KDSSHQ WR WDNH SODFH ZKHQ UHDFKDEC
XQUHDFKDEOH 7KHVH WUDQVLWLRQV DUH FDXJKW LQ
XQUHDFKDEOH REMHFWV $QRWKHU ZDOQV WR SHULRGLFD
WKH REMHFWY UHDFKDEOH DQG WKHQVILQG DOO WKH REWM



WHUPHG DV 5SHIHUHQFH FRXQWLQJ ZKLFK NHHS
WR DQ REMHFW $V PXWDWRUV FKDQJH WKH V
FRXQW PD\ JR WR JHUR DQG WKH REMHFW EH
UHIHUHQFH FRXQW LV ZKHQ D QHZ REMHFW 1
WUDQVLWLYLW\ LQFOXGHV WKH WDVN Rl ODI
UHDFKDEOH ,QLWLDOO\ DOO REMKIFRMO/HLQ WK
SHULRGLFDOO\ WKH UHDFKDEOH VHW LV FRF
XQUHDFKDEOH REMHFWY 7KLV HYHQWXDOO\ C
VWRUDJH

6800,1* 83

x TKH FRGH JHQHUDWRU WDNHV LQSXW IU
UHSUHVHQWDWLRQ SURGXFHG E\ WKH Il
LQIRUPDWLRQ IURP VI\PERO WDEOH $ JRRG
WR KDYH XQGHUVWDQGLQJ RI WKH WDU
LOVWUXFWLRQ VHW

x 7TKH RXWSXW SURGXFHG E\ WKH FRPSLOHU
HTXLYDOHQW WR WKH VRXUFH SURJUDP 7
SUHVHUYH WKH FRQGLWLRQ RI EHLQJ VHP
WKH VRXUFH SURJUDP

x 7TKH TURQW HQG RI D FRPSLOHU SURGXF|
UHSUHVHQWDWLRQ VXFK DV WKUHH DGGUI
SURJUDP AROGWMHYV UHSUHVHQWDWLRQV DUH
RSWLPLJ]HU SKDVH WR UHJHQHUDWH WKH V
WLPH LQ WHUPV RI RSWLPL]JHG FRGHYV

x TKH FRGH JHQHUDWRU GRHV WKUHH PDWV
VHOHFWLRQ UHJLVWHU DOORFDWLRQ DQG
RUGHULQJ



7KH LQWHUPHGLDWH UHSUHVHQWDWLRQ LQFOXGHV W
VXFK DV TXDGUXSOH WULSOH RU LQGLUHFW WUL
UHSUHVHQWDWLRQ VXFK DV VIQWD[ WUHH DQG '$*V
7KH FRGH JHQHUDWRU WUDQVODWHY HDFK VWDWHPH(
RI PDFKLQH LQVWUXFWLRQV &RGH JHQHUDWLRQ RFF
E\ VWDWHPHQW

5HJLVWHU DOORFDWLRQ LV DVVRFLDWHG ZLWK VHO
YDULDEOHV ZKLFK ZLOO EH KHOG LQ UHJLVWHUV DW
SURJUDP 5HJLVWHW VDRV LI QREI@QMP RI SLEFNLQJ D
VSHFLILF UHJLVWHU LQWR ZKLFK D YDULDEOH ZLOO E
7KH FRVW Rl FRPSLOLQJ DQG UXQQLQJ D SURJUDP L\
SUREOHP DQG VRPH RI WKH FRPPRQ FRVW PHDVXUH
OHQJWK RI FRPSLODWLRQ WLPH DQG VL]JH UXQQLQJ
WKH WDUJHW SURJUDP DV ZHOO DV LWV SRZHU FRQVX
$GGUHVVLQJ PRGHV LQYROYLQJ UHJLVWHUV FRVW ]JHL
KDQG DGGUHVVLQJ PRGHV LQYROYLQJ PHPRU\ ORI
FRQVWDQW KDYH DQ DGGLWLRQDO FRVW RQH DV VXF
WR EH VWRUHG LQ WKH ZRUGV WKDW IROORZ WKH LQ\
7KH QDPHV LQ WKH LQWHUPHGLDWH UHSUHVHQWD
FRQYHUWHG LQWR FRUUHVSRQGLQJ DGGUHVVHV LQ W
PHDQV RI WZR DOORFDWLRQ WHFKQLTXHV 7KH VWD
DOORFDWLRQ WHFKQLTXHV GR WKLV JHQHUDWLRQ IRL
FDOOV DQG UHWXUQV

'XULQJ H[HFXWLRQ RI SURJUDPV REMHFWV DUH DO
IUHHG 7KLV PDNHV WKH DUHD WR EH H[SDQGHG RU V
G\QDPLFDOO\ PDQDJHG DUHD LV WHUPHG DV KHDS
DOORFDWLRQ ZKLFK KROGV WKH GDWD REMHFWYV
$SDUW IURP WKHVH WKHUH LV D 6WDFN ZKLFK KROG\
UHFRUGV ZKLFK DUH FUHDWHG ZLWK HDFK SURFHG)
GHVWUR\HG ZKHQ WKH FDOO UHWXUQV 6WDFNV DU
GXULQJ UXQ WLPH DQG KHQFH LW LV G\QDPLFDOO\



VSHFLDO UHJLVWHU FDOOHG 6WDFN 3RLQW
WKH WRS RI WKH VWDFN

7KH FRPSLOHU PXVW DFFXUDWHO\ LPSOHI
SUHYDLOLQJ LQ WKH VRXUFH ODQJXDJH C
VFRSHVY VFRSHV RSHUDWRUV SURFHGXUF
RI FRQWURO FRQVWUXFWYV

7KH FRPSLOHU FUHDWHV DQG PDQDJHV D
LQ ZKLFK WKH WDUJHW SURJUDPV DUH VX
7KLV HQYLURQPHQW GHDOV ZLWK D YDUL
PHFKDQLVPV WR DFFHVV YDULDEOHV DOC
VWRUDJH ORFDWLRQV IRU WKH VRXUFH S|
EHWZHHQ SURFHGXUHV PHFKDQLVPV IRU
LQWHUIDFHV WR WKH RSHUDWLQJ V\VWHP
RWKHU SURJUDPYV

7KH DEFWLYDWLRQV RI SURFHGXUHV GXULQ.
FDQ EH UHSUHVHQWHG XVLQJ D WUHH FUC
(DFK QRGH UHSUHVHQWY DQ DFWLYDWLRQ
WKH DFWLYDWLRQ RI WKH PDLQ SURFHG
H[HEXWLRQ

$ FRQWURO VWDFN LV D UXQ WLPH VWDFN
PDQDJH WKH SURFHGXUH FDOOV DQG UH!
DFWLYDWLRQ UHFRUG RI WKH SURFHGXUH)\
WKH DFWLYDWLRQ WUHH UHVLGHV DW WK
UHFHQWO\ FDOOHG DFWLYDWLRQ DW WKH
DFWLYDWLRQ UHFRUGV FRUUHVSRQGV WR
W UHH

$ FDOOLQJ VHTXHQFH LV D VHW RI FRG}
DFWLYDWLRQ UHFRUG RQWR D VWDFN D
LQIRUPDWLRQ LQWR LWV ILHOGV $ FDOO
FRGHY WKDW DOORFDWHV DQ DFWLYDWLR
DFFRUGLQJO\ HQWHUV LQIRUPDWLRQ LQW



VHTXHQFH UHORDGV WKH PDFKLQH WR LWV SUHYLR
ZKLFK WKH SURFHGXUH ZDV FDOOHG

+HDS LV WKDW SRUWLRQ RI PHPRU\ WKDW VWRUHV G|
'DWD JHWV HUDVHG RQO\ ZKHQ WKH SURJUDP H[SOLFI
7KH PHPRU\ PDQDJHU LV D SDUW RI WKH RSHUDWLQJ
DOORFDWHY DQG GHDOORFDWHY VSDFH ZLWKLQ KHD:
LOWHUIDFH EHWZHHQ WKH DSSOLFDWLRQ SURJUDP D
VA\VWHP

KHQ DOORFDWLRQ DQG GHDOORFDWLRQ RI VWRUDJH
KHDMKH TUHH FKXQNV DUH QRW FRQWLJXRXV DQG WKH
LQ WKH KHDS :KHQ DQ DOORFDWLRQ UHTXHVW FRPH)\
PDQDJHU ORRNV IRU WKH ODUJHVW KROH HQRXJK \
SURJUDP

7TKH WHFKQLTXH WKURXJK ZKLFK WKH FKXQNV RI PHPF
REMHFWY WKDW DUH QR ORQJHU EH DFFHVVHG E\ D ¢
UHFODLPHG LV FDOOHG DV JDUEDJH FROOHFWRU

$ PXWDWRU LV D XVHU GHILQHG SURJUDP ZKLFK FUH
E\ DFTXLULQJ VSDFH IURP WKH PHPRU\ PDQDJHU 5HIF
HILVWLQJ REMHFWYV DUH FUHDWHG DQG GURSSHG XVL
KHQ PXWDWRU FDQQRW UHDFK DQ\ REMHFW WKHQ
EHFRPHYVY JDUEDJH

$16:(56 72 &+(&. <285 352*5(66

LQWHUPHGLDWH FRGHV
WKUHH DGGUHVV FRGHYV
VIQWD[ WUHH DQG '$*V
5HJLVWHU DOORFDWLRQ
5HJLVWHU DVVLIJQPHQW
IDEHO

'"HVWLQDWLRQ
5HIJLVWHUV
&RQGLWLRQ

7UXH

RQH



JHUR

RQH

VWDWLF DQG VWDFN DOORFDWLRQ WHFKQL
FDOOHH

%UDQFK

5XQ WLPH

6WDFN 3RLQWHU 63

VIPERO WDEOH

SK\WLFDO DGGUHVVHV

W\SH

DFWLYDWLRQ UHFRUGYV

FDOOLQJ VHTXHQFH

KHDS

UHJLVWHU

EORFNV

SDJHV

GDQJOLQJ SRLQWHU GHUHIHUHQFH HUURU
PHPRU\ OHDN HUURU

3266,%/( 48(67,216
$ 6KRUW DQVZHU W\SH TXHVWLRQV

:KDW LV FRGH JHQHUDWRU" ([SODLQ LQ EUI
KDW DUH WKH UHSUHVHQWDWLRQV WKDW
JHQHUDWRU SKDVH"

:KDW GR \RX PHDQ E\ SURJUDP DQG LQVWU
LQ EULHI

'"HVFULEH KRZ WKH DGGUHVVHV LQ WKH WD
:KDW GR \RX XQGHUVWDQG E\ UXQ WLPH DG
KDW LV UXQ WLPH HQYLURQPHQW" 'LVFXV)\
‘'LITHUHQWLDWH EHWZHHQ WKH 6WDWLF
$OORFDWLRQ WHFKQLTXHV

KDW LV DFWLYDWLRQ WUHH" 'LVFXVV LQ E
KDW LV DFWLYDWLRQ UHFRUG" "'LVFXVV LQ
:KDW LV KHDS" ([SODLQ LQ EULHI

:KDW LV IUDJPHQWDWLRQ" ([SODLQ

:KDW LV JDUEDJH FROOHFWLRQ" "HVFULEH
:KDW LV PXWDWRU" :KDW GRHV LW SHUIRUF
:KDW DUH WKH ZD\V RI ORFDWLQJ DQ XQUH
KDW DUH WKH IXQFWLRQV WKDW D PXWDW
VHW Rl UHDFKDEOH REMHFWV"



%

IRQJ DQVZHU W\SH TXHVWLRQV

([SODLQ WKH IXQFWLRQV SHUIRUPHG E\ WKH FRGH
SKDVH

‘ULWH GRZQ WKH LVVXHV WKDW RFFXU LQ JHQHUDMW
FRGHV"

([SODLQ WKH WDUJHW PDFKLQH PRGHO LQ GHWDLO
‘ULWH GRZQ WKH VLJQLILFDQFH RI SURJUDP DQG LQV\
DVRFLDWHG ZLWK WDUJHW FRGH JHQHUDWLRQ
'HVFULEH WKH VWDWLF DQG VWDFN DOORFDWLRQ WHF
'"HVFULEH WKH UXQ WLPH HQYLURQPHQW LQ GHWDLO
'HVFULEH WKH WHFKQLTXH RI DOORFDWLRQ RI VSDFH
:KDW LV FDOOLQJ VHTXHQFH" '"HVFULEH WKH GHVLJQ
FDOOLQJ VHTXHQFHV

+RZ LV LW SRVVLEOH WR DOORFD'WH YDULDEOH OHQJ\
'"HVFULEH

'KDW LV KHDS PDQDJHPHQW"

*LYH D GHWDLOHG GLVFXVVLRQ RQ WKH PHPRU\ KLH
FRPSXWHU

([SODLQ KRZ LV IUDJPHQWDWLRQ UHGXFHG LQ D KHDS
([SODLQ WKH WHFKQLTXH RI JDUEDJH FROOHFWLRQ LC
‘KDW DUH WKH PDWULFHV FRQVLGHUHG GXULQJ WKF
JDUEDJH FROOHFWRU"

5()(5(1&(6 $1' 68**(67(' 5($',1*6

%HUJPDQQ 6 ' &RPSLOHU GHVLJQ WKHRU\ WR
HIDPSOHYV

7TKDLQ ' ,QWURGXFWLRQ WR FRPSLOHUV DQG
GHVLJQ /XOX FRP

+ROXE $ &RPSLOHU GHVLJQ LQ & SS ,;9,,

(QJOHZRRG &OLIIV 1- 3UHQWLFH +DOO
$KR $ 9 /DP 0 6 6HWKL 5 DPS 80OPDQ -
&RPSLOHUV SULQFLSOHV WHFKQLTXHV DQG WRROV 6H

Eanld
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81,7
75$16)250$7,21 2) %$6,8&%/2&.6

QLW 6WUXFWXUH

L QWURGXFWLRQ
8QLW 2EMHFWLYH
%DVLF %ORFNYV

1H[W 8VH ,QIRUPDWLRQ
JORZ *UDSK

/IRRSV LQ )ORZ *UDSKYV
2SWLPL]DWLRQ RI %DVLF %YORFNYV

‘DI SHSUHVHQWDWLRQ RI %DVLF %ORF
6 XPPLQJ 8S
$QVZHUV WR &KHFN <RXU 3URJUHVV
SRVVLEOH 4XHVWLRQV
SHIHUHQFHYV DQG 6 XJJHVWHG 5HDGLQJV

,1752'8&7,21

,Q WKH SUHYLRXV XQLW ZH KDYH OHDUQW Wt
DUH FRQVWUXFWHG IURP WKH LQWHUPHGLDW
JHQHUDWLRQ :H DOVR KDYH OHRHOEMVWKDW U |
IRU EHWWHU WKURXJKSXW 6XFK UHSUHVHQMW
SDUWLWLRQLQJ WKH LQWHUPHGLDWH FRGHV L
VHTXHQFHV RI FRQVHFXWLYH WKUHH DGGUHVYV
HQWHUV WKH EDVLF EORFN VLPSO\ WKURXJK
EORFN &RQWURO SDVVHV LQ D VHTXHQFH Z
EUDQFKLQJ RU KDOWLQJ DQG ILQDOG\ OHDYHYV
ZLWK WKH EDVLF EORENV ZH FDQ PRYH WRZDU
JUDSK $ IORZ JUDSK LV D JUDSKLFEDO UHSUHI
EORFNV (DFK QRGH RI WKH JUDSK LV UHSUHYV



WKLV XQLW ZH VKDOO WU\ WR JHMR@RRPPIH LGHD UHJDUGL
EDVLF EORFNV ‘H VKDOO DOVR GLVFXVV KRZ IORZ JUDSK'
XVLQJ WKHVH EORFNYV

81,7 2%-(&7,9(
$IWHU JRLQJ WKURXJK WKLV XQLW \RX ZLOO EH DEOH WR

/IHDUQ KRZ EDVLF EORFNV DUH FRQVWUXFWHG
X ([SODLQ WKH OLYHQHVV DQG QH[W XVH LQIRUPDWL
EORFNYV
Xx .QRZ KRZ WR FRQVWUXFW D IORZ JUDSK
x 8QGHUVWDQG WKH RSWLPL]DWLRQ WHFKQLTXHV RI ED
x /[HDUQ WKH '$* UHSUHVHQWDWLRQ RI EDVLF EORFNV

%%$6,& %/2&.6

,Q WKH SUHYLRXV XQLW ZH KDYH NQRZQ WKDW WKH
LQVWUXFWLRQV DUH SDUWLWLRQHG LQWR VHTXHQFH RI V
EDVLF EORFNV 7R EHJLQ ZLWK WKH ILUVW LQVWUXFWLRC
RI D QHZ EDVLF EORFN )XUWKHU LQVWUXFWLRQV DUH I
EORFN XQWLO DQ XQFRQGLWLRQDO MXPS FRQGLWLRQD
IROORZLQJ DQ LQVWUXFWLRQ LV DWWDLQHG &RQWURO
ZKHQ WKHUH LV QR MXPS VWDWHBRQMWKRW XV VHH WKH |
ZKLFK SDUWLWLRQV WKH WKUHH DGGUHVV FRGHV LQWR
EORFNV

$OJRULWKP SDUWLWLRQLQJ WKUHH DGGUHVV FRGH\
EORFNYV

,QSXWMTXHQFH RI WKUHH DGGUHVYVY LQVWUXFWLRQV

2XWSXMWW RI EDVLF EORFENV IRU WKH VHTXHQFH LQ ZK
LOQVWUXFWLRQ LV DVVLIQHG H[DFWO\ WR RQH EDVLF EORF



OHWKR®SDGHUV DUH WKH ILUVW LQVWUXFWLROQ?
ILUVW WKH OHDGHUV RFFXUULQJ LQ WKH LQWI
/IHDGHU GRHV QRW LQFOXGH WKH LQVWUXFWL
LOQOWHUPHGLDWH SURJUDP +HUH DUH VRPH UXO

7KH ILUVW WKUHH DGGUHVV LQVWUXFWLRQ
D OHDGHU

$Q LQVWUXFWLRQ WKDW LV WKH WDUJH
XQFRQGLWLRQDO MXPS LV D OHDGHU

$Q LQVWUXFWLRQ WKDW LPPHGLDWHO\ IR
XQFRQGLWLRQDO MXPS LQVWUXFWLRQ LV L

JRU D OHDGHU LWV EDVLF EORFN RRYVLVWYV
XSWR EXW QRW LQFOXGLQJ WKH QH[W OHDGHU
FRGHVY 7R JHW D FOHDU SLFWXUH RI KRZ LW
IROORZLQJ VHW RI LQWHUPHGLDWH FRGHYV
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$V SHU UXOH RI WKH DOJRULWKP LQVWUXF
QH[W WDVN LV WR ILQG WKH MXPSV 7KHUH D
ZKLFK FRQWDLQ FRQGLWLRQDO MXPSV LQVWLI
1RZ DFFRUGLQJ WR UXOH Rl WKH DOJRULV
LOQVWUXFWLRQV DOVR IRUP OHDGHUV 7KHUHII



DUH WKH WDUJHWYV DQG WKH\ IRUP OHDGHUV 7KHQ |
WKH LQVWUXFWLRQ LPPHGLDWHO\ IROORZLQJ D MXPS L
 QVWUXFWLRQV DQG DUH VXFK LQVWUXFWLRQV 7K

LV QRW IROORZHG E\ DQ\ LQVWUXFWLRQ 7KHUHIRUH
IROORZLQJ WKLV LQVWUXFWLRQ )LQDOO\ ZH FRQFOXGH '

DQG IRUP WKH OHDGHUV (DFK EDVLF EO

ZLWK D OHDGHU DQG LW FRQWLQXHVKKMQWLO WKH LQVWL
QH[W OHDGHU 7KH EDVLF EOREN RI FRQWDLQV RQO\
OHDGHU FRQWDLQV EDVLF EORFN RQO\ FRQVLVWLQJ R
IRU OHDGHU WKH FRUUHVSRQGLQJ EDVLF EORFN FRQV
6LPLODUO\ LQVWUXFWLRQ KDV D EDVLF EORFN FRC

7KH EDVLF EORFN Rl OHDGHU FRQWDLQV RI R
ILQDOO\ IRU OHDGHU WKH EDVLF EORFN FRQWDLQYV
WKURXJK

1H[W 8VH ,QIRUPDWLRQ

7KH QH[W XVH LQIRUPDWLRQ LV HVVHQWLDO IRU NHHSLQ.
YDOXH RI D YDULDEOH ZLOO EH XVHG QH[W VR WKDW HII
JHQHUDWHG 7KH VXEVHTXHQW XVH RI D QDPH LQ D WKUH
WR EH GHWHUPLQHG ,I WKH YDOXH RI D YDULDEOH ZKLF
UHJLVWHU ZLOO QHYHU EH VXEVHTXHQWO\ UHIHUHQFHG

DVVLIQHG WR DQRWKHU YDULDEOH 7KH XVH RI D QDPH I
VWDWHPHQW FDQ EH FRQFHSWXDOL]J]HG E\ WKH IROORZLQ.

N N

(22 V I

P

7KH VWDWHPHQW RI WKH DERYH VHW Rl FRGHV LQLWLE
YDULDEOH N 1RZ VWDWHPHQW FRQVLGHUV WKH YDOXH
[ 7KHQ WKHUH LV QR LQWHUYHQLQJ FKDQJH WR WKH YD
VWDWHPHQW FRPSXWHV WKH YDOXH RI 6 VLPSO\ E\ XVL(
GHULYHG E\ VWDWHPHQW ,Q RWKHU ZRUGV VWDWHPHQ)



[ FRPSXWHG E\ VWDWHPHQW W FDQ EH IXUW
DW VWDWHPHQW 2XU QH[W DODRUA WKPWGHW F
XVH LQIRUPDWLRQ RI D EDVLF EORFN

$OJRULWKPWHUPLQLQJ WKH OLYHQHVV DQG QF
IRU HDFK VWDWHPHQW LQ D EDVLF EORFN

,QSXWEDVLF EORFN % Rl WKUHH DGGUHVV VWD
WKH VI\PERO WDEOH LQLWLDOO\ VKRZV DOO QR
EHLQJ OLYH RQ H[LW

2XWSPW HDFK VWDWHPRHIQW % ZH DWWDFK WR
OLYHQHVV DQG QH[W XVH LQIRUPDWLRQ RI [ \

OHWKRK® EHIJLQ DW WKH ODVW VWDWHPHQW RI ¢
WKH ILUVW VWDWHPHQWLR] %\ §Q %DEZK \GWRDW
WKH IROORZLQJ

$WWDFK WR HRFWKHVDQMRERQWLRQ FXUUH
LQ WKH VIPERO WDEOH UHJDUGLRQJ WKH Qt
\ DQG

,Q WKH V\PEROMRDE®RAM BHWH DQG *QR QHJ
,Q WKH V\PERODWBEOMR VAWYH  DQG WKH Q
\ DQWR L

.| WKH WKUHH DGGUHVV VWDWHPHQW GRHV Q
EHWZHHQ RSHUDQGY VWDWHPHQW L PD\ FRQW
RU \ 7KLV LJQRUHV YDULDEOH

&+(&. <285 352*5(66 * ,
,QWHUPHGLDWH FRGHV DUH SDUWLWLRQHC
$ BBBBBBBBBBBBB LV D JUDSKLFDO UHSL
EDVLF EORFNV
(DFK QRGH Rl WKH IORZ JUDSK LV UHSUHVF
&RQWURO SURFHHGV VHTXHQWLDOO\ ZKH(
VWDWHPHQW
7KH ILUVW LQVWUXFWLRQV Rl WKH EDVLF F

110



)/2: *5$3+

‘H KDYH DOUHDG\ GLVFXVVHG WKDW
LQWHUPHGLDWH FRGHV FDQ EH UHS
UHSUHVHQWDWLRQ FDOOHG DV IORZ

JUDSK UHBKHVVBDOWF EORFNV :H FRQ)

DQG % $Q HGJH FDQ EH IR LI DQG RQO\ LI WKH
ODVW LQVWUXFWLRQ RI EORFN $ LV
LQVWUXFWLRQ RI EORFN % $Q H

7KHUH LV PQOPRPQBUWIQFRQGLWLR(

LQVWUXFWLRQ RI $ V

% LPPHGLDWHO\ IROORZV $ LQ W

DGGUHVV L DQG $ LV QRW DQ HQG RI DQ XQFRQGLWLF
MXPS

$ LV WHUPHG DV WKH SUHGH\ % LV WKH
VXFFHVVRU RI $

2IWHQ WZR QRGHV WHUPF DUH DGGHG WR WKH
JUDSK 7TKH\ GR QRW FRUUHVSRQG
LOQOVWUXFWLRQV 5DWKHU WKHUH LVW

WKH ILUVW H[HFXWDRFN RI WKH JUDSK 7KHUH LV DQ
HGJH WR WKH H[LW QRGH IURP WKDW

FRQWDLQV WKH ODVW LC 7TKHUHIRUH WKH VHW RI
LQVWUXFWLRQV XVHG LQ WKH H[DPS
GHPRQVWUDWHKG IROOHRZRY . RI W

t1=20%]
E2=tl1+j
I3=12*2-40
A[t3]=5
i=i+1

i3 == 10 goto B3

1
=10 gote B2

aft4]—10
i=i+1
if1 <= 10 gpte B6

EXIT

)LJ JORZ JUDSK UHSUHVHQWLQJ



)ORZ JUDSKV FDQ EH WKRXJKW RI DV DQ RUGL
ERWK QRGHVY DQG HGJHV ,Q EDVLF EORENV |
ODEHOV WRRN SODFH ZKHQ FRQGLWLRQDO
LQVWUXFWLRQV ZHUH HQFRXQWHUHG $FFRUGI
WR EDVLF EORFNV DOVR 7KLV KDSSHQV ZLWK
WR OHDGHUV Rl EDVLF EORFNV DUH UHSODFH
+RZHYHU WKH FRQWHQWY RI HDFK QRGH RU D
FDQ EH UHSUHVHQWHG E\ VRPH GDWDD VWUXFW
SRLQWHU WR SRLQW WR WKH OHDGHU RI DQ DU
DORQJ ZLWK D FRXQW RI WKH WRWDO QXPEHL
SRLQWHU PD\ DOVR EH LQVHUWHG WR WKH ODV
WKH FRXQW +RZHYHU LW ZRXOG EH FRQVLGH
FUHDWH D OLQNHG OLVW RI LQVWUXHWLRQV |
QXPEHU RI LQVWUXFWLRQV LQ D EDVLF EOREN

IRRSV LQ )ORZ *UDSKYV

IRRSV LQ SURJUDPPLQJ ODQJXDJHVY DUH WKH F
ORRS DQG GR ZKLOH ORRS VWDWHPHQWYV 7K
SURJUDP DQG LW LV WKH WDVN RI WKH FRPSLI!
IRU ORRSV $ VHW RI QRGHV / LQ D IORZ JUDSHK
QRGH H FDOOHG WKH ORRS HQWU\ VXFK WKDW

H LV QRW (175< Rl WKH HQWLUH IORZ JUDS
([FHSW H QR QRGH LQ / KDV D SUHGHFHVYV
ZRUGV D SDWK IURP (175< WR DQ\ QRGH LC
‘LWKLQ / HYHU\ QRGH LQ / KDV D QRQ HPS\

7KH DERYH IORZ JUDSK FRQVLVWY RI WKUHH OF

% E\ LWVHOI

% E\ LWVHOI

"% % %
% DQG % DUH VLQJOH QRGHV ZLWK DQ HGJH
IRUP ORRSYV ZLWK WKHPVHOYHV EHLQJ HQWULF
%XW QRGH % FDQQRW EH FRQVLGHUHG DV D



HGJH WR LWVHOI ,Q WKH WKLUG FD¥W % LV WKH HQWU!
KDV D SUHGHFHVVRU % ZKLFK LV QRW D SDUW RI1 / )XUW
D QRQ HPSW\ SDWK ZKLFK OHDGV WR % ZLWKLQ /

237,0,=$7,21 2) %$6,& %/2&.6

$V DOUHDG\ PHQWLRQHG LW LV LPSRUWDQW WR WUDQVI|
IRUP VR WKDW HIILFLHQW FRGHV FDQ EH JHQHUDWHG 7
UHTXLUHG WR H[HFXWH VXFK FRGHV ZRXOG EH OHVV ,Q V
RSWLPLIDWLRQ FRPHV LQWR SOD\ 2SWLPL]DWLRQ WHF
SHUIRUPHG RQ EDVLF EORFNVY DOVR 7KLV FDQ KDSSHQ L«
DQG JOREDO /RFDO RSWLPL]DWLRQ WDNHV SODFH ZLWKL
LQVWUXFWLRQV $QG JOREDO RSWLPL]DWLRQ WDNHV SOC
DQG LW VHHV KRZ IORZ RI LQIRUPDWLRQ RFFXUV DPRQJ \
RI' D SURJUDP

'$* GHSUHVHQWDWLRQ RI %DVLF %ORFNYV

-XVW OLNH WKH RSWLPL]DWLRQ WHFKQLTXHV ZH VWXGLH
ORFDO RSWLPL]DWLRQ WHFKQLTXH FDQ EH DSSOLHG RQ
EHJLQV E\ WUDQVIRUPLQJ D EDVLF EORFN LQWR D '$* 'LU
*UDSK ,Q D SUHYLRXV XQLW ZH OHDUQW DERXW UHSUH
IRU D VLQJOH H[SUHVVLRQ 1RZ KHUH WKH LGHD KDV JR
VHW RI H[SUHVVLRQV PDNLQJ XS D EDVLF EORFN '$* IRU
KDV WKH DGYDQWDJH Rl HOLPLQDWLQJ ORFDO FRPPRQ V.
LV QHFHVVDU\ WR HOLPLQDWH VXFK LQVWUXFWLRQV ZKL
ZKLFK DUH DOUHDG\ FRPSXWHG ORUHRYHU VRPH LQVWU
D YDOXH WKDW LV QHYHU XVHG GXULQJ H[HEXWLRQ 6XF]
GHDG FRGH PXVW EH HOLPLQDWHG IURP WKH EDVLF EOR
LQGHSHQGHQW VWDWHPHQWY ZKLFK GR QRW GHSHQG RQ
LQSXWV FDQ EH UHRUGHUHG 6XFK UHRUGHULQJ UHGXFH'
WR VWRUH WHPSRUDU\ YDOXHV WR EH SUHVHUYHG LQ
UHRUGHULQJ DOVR KDSSHQV RQ RSHUDQGV RI WKUHH



SHRUGHULQJ LV SHUIRUPHG E\ DSSO\LQJ DO
LOQVWUXFWLRQV

J)LQGLQJ ORFDO FRPPRQ VXE H[SUHVVLRQ\
LPSRUWDQW IRU JHQHUDWLQJ DQ HIILFLHC
VLPLODU WR WKH FRQFHSW WKDW ZH LQWU
&RQVLGHULQJ D FDVH ZKHQ D QHZ QRGH 1
6XFK DGGLWLRQ UHTXLUHV FKHFNLQJ ZKHV
KDV WKH VDPH FKLOGUHQ LQ WKH VDPH R
RSHUDWRU 7KHUHIRUH 0 FRPSXWHV WKH
PD\ EH XVHG LQ LWV SODFH 1RZ OHW XV F
EORFN Rl FRGHYV

$ % &
% $
& % &

( $
7KLV FDQ EH UHSUHVHQWHG XVLQJ WKH

FDOOHG '$* 6WDWHPHQW FRPSXWHV WK
RSHUDQGY % DQG & WKH VHFRQG VWDWHPF
% VLPSO\ E\ DGGLQJ $ DQG ( 1RZ WKLV L
YDOXH 7KH WKLUG VWDWHPHQW XVHV W
LQVWHDG RI WKH RQH LQ WKH ILUVW VWDW
RI % LQ WKH WKLUG VWDWHPHQW UHIHUV
RI WKH VHFRQG VWDWHPHQW 7KH FRUUH\V
IRU WKH DERYH VWDWHPHQWY ZRXOG EH D

+RZHYHU VWDWHPHQWY DQG KDYH WKE
VDPH RSHUDWRU DQG QR FKDQJH LQ YDOXI
WDNHQ SODFH LQ EHWZHHQ WKHUHIRUH C
FUHDWHG 6LPSO\ DGGLQJ DQ H[WUD ODEH
% DQG ( ZLOO SRLQW WR WKH VDPH QRGH

IDEHOV &DQG PUH XVHG WR GLVWLQJXLYV
VWDWHPHQWYV



yLJ '$* UHSUHVHQWDW

'HDG FRGH HOLPLQDWLRQ SOD\V
HIILFLHQF\ Rl FRPSLODWLRQ $ G|
QR OLYH YDULDEOHV DWWDFKHG
YDULDEOHV DWWDFKHG WR LW
DSSOLFDWLRQ .00 WKH QRGHV IURP D '$*
FRUUHVSRQGLC
JLIXUH FRQW OHDI QRGHV ZKHUHDV RXU JLYHQ
EDVLF EOR DGGUHVV FRGHV FRQWDLQV IRXU VWDWHF
7KHUHIRUH WKH EDVLF EORFN
VWDWHPHQWVLV+BBW OLYH RQ H[LW IURP WKH EORFN
GR QRW QHHG WR FRPSXWH % DQ
UHFHLYH WKH VDPH YDOXH WKDW
3 ° 7KHUHIRUH WKH E

$ % &

©
—~

$QRWKHU RSWLPL]DWLRQ WHFKQL
WK SUHVH(DOJHEUDLF LGHQWLW\ 7KH EDVLF DULWK
LGHQWLWLHY FDQ EH DSSOLH(WKH

IROORZLQJ WR HOLPLQDWH FR



$QRWKHU RSWLPL]DWLRQ WHFKQLTXH LQF
H[SHQVLYH RSHUDWRUV ZLWK D FKHDSHU
WHUPHG DV UHGXFWLRQ LQ VWUHQJWK (
LQFOXGHV

; LV VRPHZKDW PRUH H[SHQVLYH WKDQ LW

; ;, 6LPLODUO\ , FDQ EH UHSODFHG E\
FRQVLGHUHG WR EH FRPSDUDWLYHO\ FKHD

&RQVWDQW IROGLQJ LV D FODVV RI RS\
&RQVWDQW H[SUHVVLRQV DUH HYDOXDWHG
WKHVH H[SUHVVLRQV DUH UHSODFHG E\ WK
7TKHUHIRRDHQ KDYH LWV YDOXH UHSODFHG E

7KH '$* FRQVWUXFWLRQ PD\ DSSO\ RW
WUDQVIRUPDWLRQV VXFK DV FRPPXWDWL
7TKHUHIRUH EHIRUH FUHDWLQJ D QHZ QRC
PDGH ZKHWKHU WKH QRGH DOUHDG\ H[LV!
DVVRFLDWHG ZLWK FRPPXWDWLYH SURSHU
IRU H[DPSOH EHIRUH FUHDWLQJ D QRGH C
OHIW FKLOG DQG \ DV LWV ULJKW FKLOG

VDPH ODEHOHG QRGH H[LVWV DVMWIKWWDV L\
ULJKW FKLOG %HFDXVH ERWK HYDOXDWH
WKH\ VDWLVI\ FRPPXWDWLYH SURSHUW\

$UUD\ LQGH[LQJ FDQ EH UHSUHVHQWHG
&RQVLGHULQJ WKH IROORZLQJ VHW RI
DFFHVVLQJ DUUD\ UHIHUHQFHYV



[ $>L@
$S>M@ \
] $>L@
7KH DVVLIJQPHQW VWDWHPHQW DV WKH ILUVW RQH L)\

FUHDWLQJ D QRGH ZLWK RSHUDWRU >@ ,WV FK
UHSUHVHQWHG E\ $ DQG LQGH[ L 7KH ODEHO RI WKLV
E\ [

7KH VHFRQG VWDWHPHQW $>M@ \ LV UHSUHVHQWHGC
>@ KDYLQJ WKUHH FKLOG QRGHV $ M DQG \ 7KLV
QRGHV ZRXOG HYHQWXDOO\ NLOO DOO WKH QRGH
GHSHQGHQW RQ $ IRU WKHLU YDOXHV 7KXV QRGH OL
EH NLOOHG 1RZ ZKHQ QRGH ] LV FUHDWHG LW FDQQ
RU DVVRFLDWHG ZLWK [ $ QHZ QRGH ZLWK RSHUDQ
ZRXOG EH FUHDWHG

7KH SRLQWHU DVVLJQPHQW VWDWHPHQW | S FRQW
WKDW PXVW WDNH DOO WKH QRGHV WKDW DUH FXU
ZLWK LGHQWLILHUV DV DUJXPHQWYV ZKLFK LV SHUWLQ
HOLPLQDWLRQ 2Q WKH RWKHU KDQG WKH DVVLJQPH:
[ KDV WKH RSHUDWRU ZKLFK NLOOV DOO WKH F
FRQVWUXFWHG LQ WKH '$* VR IDU

2QFH ZH DUH ILQLVKHG ZLWK ZKDWHYHU RSWLPL]DWLRC
PDQLSXODWLQJ '$* UHDVVHPEOLQJ PD\ EH GRQH RQ WKF
E\ UHFRQVWLWXWLQJ WKH WKUHH DGGUHVV FRGHV $ WKL
LV UHFRQVWLWXWHG E\ FRQVLGHULQJ WKH QRGHV KDY
YDULDEOHY DWWDFKHG WR WKHP 7KH UHVXOW RI FRPSX\
RQ D YDULDEOH WKDW LV OLYH RQ RYHW IURP WKH EORF
WKDQ RQH OLYH RQ H[LW YDULDEOHV WKHLU DFWXDO YD
)LQDOO\ JOREDO RSWLPL]DWLRQ PD\ HOLPLQDWH WKH GX

7KH UHFRQVWUXFWLRQ RI '$* EDVLF EORFN UHTXLUHV VF
IROORZHG 7KH RUGHU LQ ZKLFK WKH LQVWUXFWLRQV D



HYDOXDWLRQ LV D SULPDU\ FRQFHUQ $SDUW
ZKRVH YDOXHV PXVW EH DVVLIJQHG WR WKH '$
FRPSXWHG 6RPH RI VXFK UXOHV PD\ EH DV IR

7KH YDOXHV RI WKH FKLOG QRGHV RI D QF
SULRU WR FRPSXWLQJ LWV SDUHQW QRGHT
$VVLIQPHQWY PD\ WDNH SODFH LQ WKH VL
WKH RULJLQDO EDVLF EORFN $UUD\ DVVLJ
DOO SUHYLRXV DVVLIJQPHQWYV WR RU HYL
DUUD\

$V SHU SRLQW QXPEHU DUUD\ HOHPHQWYV
SUHYLRXV DVVLIQPHQWYVY WR WKH VDPH D
IURP WKH VDPH DUUD\ PD\ EH GRQH LQ HL)
QHLWKHU RI WKHP FURVVHY RYHU WKH DVYV
$O00 SUHYLRXV SURFHGXUH FDOOV RU LQGI
D SRLQWHU PXVW SUHFHGH DQ\ XVH RI D YI
$O00 SUHYLRXV HYDOXDWLRQV WR DQ\ YDI
SUHYLRXV SURFHGXUH FDOOV RU LQGLUHF!

&+(&. <285 352*5(66/ £ ,
.| FRQWURO MXPSV IURP EDVLF E[ORFN $ W

FDOOHG WKH BBEBBBBBBBBBBBB 9%
7KH QRGHY BBBBBBBBBBBBBB DQG BBBBBB
FRUUHVSRQG WR HI[HFXWDEOH FRGHYV

7KH UXQQLQJ WLPH UHTXLUHG WR H[HFX
BBBBBBBBZRXOG EH OHVYV
BBBBBBBBBBB RSWLPL]DWLRQ WDNHV SODF
WKH LQVWUXFWLRQV
'$* IRU EDVLF EORFNV KDV WKH|DGYDQWI
ORFDO BBEBBBBBBBBB BBBBBBBBBBBBBBB

$ BBBBBBBLY WKH RQH ZKLFK KDV QR OLY|
WR LW




X

6800,1* 83

%DVLF EORFNV DUH WKH VHTXHQFHV Rl VLPSOH DQG
WKUHH DGGUHVV VWDWHPHQWY &RQWURO IORZ HQW
VLPSO\ WKURXJK LWV ILUVW LQVWUXFWLRQ /HDGHL
LQVWUXFWLRQV RI WKH EDVLF EORFNYV
,QVWUXFWLRQV DUH DGGHG WR WKH EDVLF EORF
XQFRQGLWLRQDO MXPS FRQGLWLRQDO MXPS RU D OD
LQVWUXFWLRQ LV DWWDLQHG &RQWURO SDVVHV LQ
WKH EDVLF EORFN ZLWKRXW EUDQFKLQJ RU KDOWLC
OHDYHV WKH EOREN

7KH QH[W XVH LQIRUPDWLRQ LV HVVHQWLDO IRU NHI
ZKHQ WKH YDOXH RI D YDULDEOH ZLOO EH XVHG Q
HIILFLHQW FRGHV FDQ EH JHQHUDWHG ,I WKH YDOXH
ZKLFK LV FXUUHQWO\ LQ D UHJLVWHU ZLOO QHYHU E
UHIHUHQFHG WKDW UHJLVWHU FDQ EH DVVLJQHG WR
7KH EDVLF EORFNV JHQHUDWHG IURP LQWHUPHGLDW
UHSUHVHQWHG LQ WHUPV RI D JUDSKLFDO UHSUHVHC
IORZ JUDSK 7KHUHIRUH WKH QRGHV RI D IORZ JUDS
WKH EDVLF EORFNV

7ZR QRGHV WHUPHG DV WKH HQWU\ DQG H[LW DUH
IORZ JUDSK 7KH\ GR QRW FRUUHVSRQG WR H[H
LQWHUPHGLDWH LQVWUXFWLRQV

2SWLPL]DWLRQ WHFKQLTXH FDQ EH SHUIRUPHG RQ E
DOVR 7KLV FDQ KDSSHQ LQ WZR ZD\V ORFDO DQG J
RSWLPL]DWLRQ WDNHV SODFH ZLWKLQ WKH EOREFN RQ
$QG JOREDO RSWLPL]DWLRQ WDNHV SODFH ZLWKLQ W
VHHV KRZ IORZ Rl LQIRUPDWLRQ RFFXUV DPRQJ WKH |
RI D SURJUDP

/IRFDO RSWLPL]DWLRQ WHFKQLTXH FDQ EH DSSOLHG R
WRR ,W EHJLQV E\ WUDQVIRUPLQJ D EDVLF EOREN



'LUHFWHG $F\FOLF *UDSK '$* IRU EDVLF
DGYDQWDJH RI HOLPLQDWLQJ ORFDO FRPPI
X 6RPH LOQVWUXFWLRQV FRPSXWH D YDOXH W
HIHFXWLRQ ©6XFK FRGHV WHUPHG DV G|
HOLPLQDWHG IURP WKH EDVLF EORFN 2SSV
IRU HITLFLHQW JHQHUDWLRQ RI WDUJHW FR

$16:(56 72 &+(&. <285 352*5(66

EDVLF EORFNYV
IORZ JUDSK

EDVLF EORFN

MXPS

OHDGHUV

SUHGHFHVVRU
HQWU\ DQG H[LW
RSWLPL]HG FRGH

IRFDO

FRPPRQ VXE H[SUHVVLRQV
GHDG FRGH

3266,%/( 48(67,216
$ 6KRUW DQVZHU W\SH TXHVWLRQV

:KDW LV EDVLF EORFN" ([SODLQ LQ EULHI
:KDW GR \RX PHDQ E\ QH[W XVH LQIRUPD
EULHI

:KDW LV IORZ JUDSK" :KDW DUH WKH WZR
EHWZHHQ WZR QRGHV RI D IORZ JUDSK FDQ
:KDW GR \RX PHDQ E\ RSWLPL]DWLRQ RI ED
:KDW LV GHDG FRGH HOLPLQDWLRQ RI EDVL
:KDW GR \RX PHDQ E\ FRPPRQ VXE H[SUHYV
RI "'$* UHSUHVHQWDWLRQ RI EDVLF EORFENYV

% /RQJ DQVZHU W\SH TXHVWLRQV

([SODLQ KRZ WKH WKUHH DGGUHVV FRGH\
EDVLF EORFNYV

Tio



([SODLQ KRZ WKH OLYHQHVV DQG QH[W XVH LQIRUPD\
WKUHH DGGUHVVY VWDWHPHQW RI D EDVLF EORFN FDQ
'"HVFULEH KRZ IORZ JUDSKYVY DUH FRQVWUXFWHG IRU D
DGGUHVV FRGHYV

:KDW GR \RX XQGHUVWDQG E\ ORRSV LQ D IORZ JUDSK
:KDW LV '$* UHSUHVHQWDWLRQ RI EDVLF EORFENV"
HODERUDWHO\

:KDW DUH WKH DGYDQWDJHV Rl '$* UHSUHVHQWDWLI
EORFNV"

([SODLQ WKH UXOHV IRU UHFRQVWUXFWLQJ '$*V IRU E

5()(5(1&(6 $1' 68**(67(' 5($',1*6

%HUJPDQQ 6 &RPSLOHU GHVLJQ WKHRU\ WR
H[DPSOHYV

7KDLQ , QWURGXFWLRQ WR FRPSLOHUV DQG
GHVLJQ /XOX FRP

+ROXE $ &RPSLOHU GHVLJQ LQ & SS , ;9,,

(QIOHZRRG &OLIIV 1- 3UHQWLFH+DOO
$KR $ 9 /DP O 6 6HWKL 5 DPS 800OPDQ -
&RPSLOHUV SULQFLSOHV WHFKQLTXHVY DQG WRROV 6HF

-
-_—

—_—



81,7
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8QLW 6WUXFWXUH
 QWURGXFWLRQ

8QLW 2EMHEWLYHYV

9DULDEOH 3URSDJDWLRQ

&RGH ORWLRQ

BWUHQJIJWK 5HGXFWLRQ
(OLPLQDWLRQ RI 'HDG &RGH

/IRRS 2SWLPL]DWLRQ

&KHFN <RXU 3URJUHVYV
$QVZHUV WR &KHFN <RXU 3URJUHVV
/IHW 8V 6XP 8S

)XUWKHU 5HDGLQJ

ORGHO 4XHVWLRQV

5HIHUHQFHYV DQG 6XJJHVWHG 5HDGLQJV

,1752'8&7,21

&RGH RSWLPL]DWLRQ LV D FUXFLDO SKDVH L(
ZKHUH WKH FRPSLOHU WUDQVIRUPV WKH FRGF
SHUIRUPDQFH DQRG UHVRXUFH XWLOL]DWLR(
IXQFWLRQDOLW\ 7KH SULPDU\ JRDO RI FRGH F
RSWLPLIHG PDFKLQH FRGH WKDW H[HFXWHYV
UHVRXUFHV VXFK DV PHPRU\ DQG HQHUJ\ DQC
EHKDYLRU

2SWLPL]DWLRQ LV HVVHQWLDO EHEDXVH LV
SHUIRUPDQFH DQG TXDOLW\ Rl VRIWZDUH V\VW
FRGH FDQ OHDG WR IDVWHU H[HFXWLRQ WLPH)\
DQG LPSURYHG HQHUJ\ HIILFLHQF\ UHVXOWLQ
DQG FRVW VDYLQJV



7KH SURFHVV Rl FRGH RSWLPL]DWLRQ LQYROYHV DQDO\
FRGH LGHQWLI\LQJ LQHIILFLHQFLHY DQG DSSO\LQJ WU
HOLPLQDWH RU UHGXFH WKHP 7KLV SURFHVV UHTXL
XQGHUVWDQGLQJ RI WKH WDUJHW KDUGZDUH DUFKLWHF
ODQJXDJH VHPDQWLFY DQG RSWLPL]DWLRQ WHFKQLTXHV

O9DULRXV VWUDWHJILHVY DQG WHFKQLTXHV DUH HPSOR\F
RSWLPLIDWLRQ LQFOXGH 9DULDEOH 3URSDJDWLRQ &RGFEH
SHGXFWLRQ (OLPLQDWLRQ RI '"HDG &RGH /RRS 2SWLPL]DV

+RZHYHU WKHUH DUH WUDGH RIIV DVVRFLDWHG ZLWK
$JJUHVVLYH RSWLPL]DWLRQ DSSURDFKHV PD\ UHVXOW
GHYHORSPHQW F\FOHV DQG SRVVLEQH PDLQWHQDQFH LV
FRPSLODWLRQ WLPH DQG FRGH FRPSOH[LW\ 7R PDNH VXU
RI FRGH RSWLPL]DWLRQ RXWZHLJK WKH GLVDGYDQWDJH"
PHDVXUH LWV HIILFDF\ 5XQWLPH PHWULFV DQG SHUIRUPI
DUH IUHTXHQWO\ XVHG WR DVVHVV KRZ RSWLPL]DWLRQ
SURJUDP SHUIRUPDQFH DQG UHVRXUFH XVDJH

,Q VXPPDU\ FRGH RSWLPL]DWLRQ SOD\V D YLWDO UROH L
E\ LPSURYLQJ WKH HIILFLHQF\ DQG TXDOLW\ RI JHQHUD
XQGHUVWDQGLQJ WKH JRDOV SULQFLSOHV DQG WHF!
RSWLPL]DWLRQ GHYHORSHUV FDQ FUHDWH VRIWZDUH V\
EHWWHU SHUIRUPDQFH VFDODELOLW\ DQG UHOLDELOLW\

81,7 2%-(&7,9(6
$IWHU JRLQJ WKURXJK WKLV XQLW \RX ZLOO EH DEOH WR

Xx 8QGHUVWDQG WKH LPSRUWDQFH RI FRGH RSWLPL
FRPSLOHU GHVLJQ

x /THDUQ WKH JRDOV DQG SULQFLSOHV RI FRGH RSWLPI

X ([SORUH YDULRXV VWUDWHILHY DQG WHFKQLTXHV >
RSWLPL]DWLRQ

x /T[HDUQ KRZ WR PHDVXUH WKH HIIHFWLYHQHVV R
RSWLPL]DWLRQ



9$5,$%/( 3523$*$7,21

9DULDEOH SURSDJDWLRQ DOVR NQRZQ DV F
FRQVWDQW IROGLQJ LV D FRPSLOHU RSWLPL
UHSODFLQJ YDULDEOHV ZLWK WKHLU FRQVWI
WKHUHE\ SRWHQWLDOO\ UHGXFLQJ WKH UXQW
WKH HIILFLHQF\ Rl WKH JHQHUDWHG FRGH
SDUWLFXODUO\ HITHFWLYH LQ FDVHVVZKHUH YI
WKURXJKRXW WKH H[HFXWLRQ RI WKH SURJL
SURSDJDWLRQ LQFOXGH ILUVW UHGXFHG PHPR
QHHG WR EH VWRUHG LQ PHPRU\ DV YDULDE!
PHPRU\ VDYLQJV 6HFRQGO\ SHUIRUPDQFH LV |
RI FRQVWDQWY LQVWHDG RI YDULDEOHYV FDQ U
DFFHVVHV DQG FDOFXODWLRQV LPSURYLQJ |
ILQDOO\ VLPSOLILHV WKHFRGH WKXWIROLPLQD
FOHDQHU DQG PRUH UHDGDEOH FRGH

&RQVLGHU WKH IROORZLQJ 9DULDEOH 3URSDJD

IORDW FDOFXODWHBDUHD IORDW UDGLXV A
IORDW SL
IORDW DUHD SL UDGLXV UDGLXV
UHWXUQ DUHD

LQW PDLQ A
SULQWI 1?Q FDOFXODWHBDUHD
UHWXUQ

,Q WKLV H[DPSOH SL LV D FRQVWDQW YDO

WKURXJKRXW WKH H[HFXWLRQ RI WKH SURJU

RSWLPL]DWLRQ FDQ UHSODFH UHIHXHQFHYV WF
UHVXOWLQJ LQ PRUH HIILFLHQW FRGH



$IWHU YDULDEOH SURSDJDWLRQ RSWLPL]DWLRQ WKH FRG

IORDW FDOFXODWHBDUHD IORDW UDGLXV A
IORDW DUHD UDGLXV UDGLXV
UHWXUQ DUHD

LQW PDLQ A
SULQWI 1?Q FDOFXODWHBDUHD
UHWXUQ

&2'( 027,21

&RGH PRWLRQ DOVR NQRZQ DV ORRS LQYDULDQW FRGH F
D FRPSLOHU RSWLPL]DWLRQ WHFKQLTXH XVHG WR LPSUR)
FRGH E\ PRYLQJ FDOFXODWLRQV RU H[SUHVVLRQV RXW RI
FDOFXODWLRQV SURGXFH WKH VDPH UHVXOW IRU HYHU\ L
7KLY KHOSV UHGXFH UHGXQGDQW FRPSXWDWLRQV DQC(
VLIQLILFDQW SHUIRUPDQFH LPSURYHPHQWY HVSHFLDOO!
HIHFXWHG IUHTXHQWO\

&RQVLGHU WKH IROORZLQJ &RGH ORWLRQ H[DPSOH

L
WRWDO
ZKLOH VXP WRWDO # ZLWKRXW FRGH PRWLRQ
N

VXP VXP L
L

SULQWI 3 G~ VXP

7TKH ZKLOH ORRS LQ WKH H[DPSOH DERYH GHWHUPLQH
YDULDEOH L LV OHVV WKDQ WRWDO DQG ZKHWKHU L\
ORRS RU QRW 6LQFH WKH ZKLOH ORRS V ERG\ GRHV (
YDULDEOH WRWDO WKH VWDWKPHQMWM HWR WD O ZLOO |
YDOXH LQGLFDWLQJ WKDW LW LV D QRQ PRWLRQ YDU



H[SUHVVLRQ PXVW EH FDOFXODWHG HDFK W]
WULJIJHUHG LW LV SRVVLEOH WR D¥NRLG XVLQ
IROORZLQJ WKH LPSOHPHQWDWLRQ RI FRGH PR

L
WRWDO
WHVW WRWDO + ZLWK FRGH PRWLRQ
ZKLOH VXP WHVW
N

VXP VXP L

L

SULQWI 8 G VXP

675(1*7+ 5('8&7,21

6WUHQIJWK UHGXFWLRQ LV D WHFKQLTXH XVH
UHSODFH H[SHQVLYH RSHUDWLRQV ZLWK FKH
LQYROYHV UHSODFLQJ FRVWO\ RSHUDWLRQV O
ZLWK OHVV H[SHQVLYH RQHV OLNH DGGLWLRQ
LV WR LPSURYH WKH HIILFLHQF\ RI WKH FRG
FRUUHFWQHVYV

([DPSOHV RI 6WUHQJWK 5HGXFWLRQ DUH

X BHSODFLQJ OXOWLSOLFDWLRQ ZLWK $GGL!
SHUIRUPLQJ UHSHDWHG PXOWLSOLFDWLRQ
LV JHQHUDOO\ IDVWHU

2ULJLQDO FRGH ZLWK PXOWLSOLFDWLRQ
LOQW UHVXOW VDODU\

$IWHU VWUHQJIJWK UHGXFWLRQ
LQW UHVXOW VDODU\ VDODU\ VDODU\




X SHSODFLQJ GLYLVLRQ ZLWK PXOWLSOLFDWLRQ L H GL
DUH JHQHUDOO\ VORZHU WKDQ PXOWLSOLFDWLRQ ,I ZH
D FRQVWDQW ZH FDQ UHSODFH LW ZLWK D PXOWLSC
UHFLSURFDO RI WKDW FRQVWDQW

2ULJLQDO FRGH ZLWK GLYLVLRQ
LQW UHVXOW \

$IWHU VWUHQJIJWK UHGXFWLRQ

LQW UHVXOW \ RU [ !! IRYU GLYLVLRQ E\ SRZHI
Xx 8VLQJ %LWZLVH RSHUDWLRQV IRU GLYLVLRQ PXOWLSOL

R L HGLYLVLRQ RUPXOWLSOLFDWLRQ E\ SRZHUV RI
ZLWK ELWZLVH RSHUDWLRQV ULJKW VKLIW IRU GLYLV
PXOWLSOLFDWLRQ ZKLFK DUH XVXDOO\ PRUH HIILFLHQ

2ULJLQDO FRGH ZLWK GLYLVLRQ E\
LQW UHVXOW [

$IWHU VWUHQJIJWK UHGXFWLRQ

LQW UHVXOW [ !

X SHSODFLQJ H[SHQVLYH RSHUDWLRQV ZLWK FKHDSHU RC
FDVHV WKHUH DUH DOWHUQDWH ZKO\V WR DFKLHYH WK
FKHDSHU RSHUDWLRQV )RU H[DPSOH UHSODFLQJ H[SR
UHSHDWHG PXOWLSOLFDWLRQ IRU LQWHJHU SRZHUV
WDEOHV IRU H[SHQVLYH FRPSXWDWLRQV

2ULJLQDO FRGH ZLWK H[SRQHQWLDPWLRQ
LQW UHVXOW SRZ\

$IWHU VWUHQJIJWK UHGXFWLRQ
LQW UHVXOW \ \




(/,0,1$7,21 2) '($' &2'(

'HDG FRGH HOLPLQDWLRQ LV WKH SURFHVV R

SURJUDP WKDW LV QHYHU H[HFXWHG

WKXV

H[HFXWDEOH DQG SRWHQWLDOO\ LPSURYLQJ S
FDQ DULVH GXH WR FRQGLWLRQDO VWDWHPHQ!

XQXVHG YDULDEOHV RU

IXQFWLRQV

%HORZ

GHPRQVWUDWLQJ GHDG FRGH HOLPLQDWLRQ LC

x 8QUHDFKDEOH FRGH

LQFOXGH VWGLR K!
LQWPDLQ A
LQW \
LI \!
A
SULQWI \ LV JUHDWHU WKDQ ?Q
HOVH
A
SULQWI \ LV QRW JUHDWHU WKDQ
UHWXUQ

?Q

,Q WKH DERYH H[DPSOH X\WOD FIRMZDL\W LHRYQD O X D

IDOVH EHIFD XQHWLDOL]JHG WR

WKHVWDWHPHQW ZLOO QHYHU H[HFXWH

UHPRYHBUWWRWWDWHPHQWEDRWVINGH WKH

x 8QXVHG YDULDEOHYV

TKHUHIRUH W

'HD G

LOQFOXGH VWGLR K!

-
el



LQWPDLQ A

LQW [
LQW \ 8QXVHG YDULDEOH
SULQWI [ G?Q |

UHWXUQ

,Q WKLV H[DPSOHLWG&HRPDULHDE EXW QHYHU XVHG 'HDG FR
HOLPLQDWLRQ ZRXOG UHPRYH WKH GHFODUDWLRQ RI \

X 8QXVHG IXQFWLRQV

LOQFOXGH VWGLR K!

YRLG WHVWBIXQFWLRQ ~#

LQWPDLQ A
SULQWI ODLQ IXQFWLRQ?Q

UHWXUQ

SULQWI 7KLV IXQFWLRQ LV QHYHU HF

DOOHG?Q

7TKH WHVWBIXQFWLRQ LV GHILQHG EXW QHYHU FDOOHG |
FRGH HOLPLQDWLRQ ZRXOG UHPRYH WKH WHVWBIXQFWL

HIHFXWDEOH

x &RQVWDQW IROGLQJ

LQFOXGH VWGLR K!
GHILQH )/$*
LQWPDLQ A

LI )/$*




SULQWI )/$* LV WUXH?Q
HOVH
SULQWI )/$* LV IDOVH?Q

UHWXUQ

,Q WKLV H[DPSOH WKH PDFUR )/$* LV GHIL
FRPSLODWLRQ WKH SUHSURFHVVRU ZLOO F
HISUHVYYDRI6LQFH LV RO RFN ZLOO DOZD\V
HIHFXWHG 'HDG FRGH HOLPLRDWS$RQRARXOG U
HQWLUHO\ DQG RQO\ NHHS WKH HOVH EORFN

/1223 237,0,=$7,21

/IRRS RSWLPL]DWLRQ LV D FUXFLDO DVSHFW
HVSHFLDOO\ LQ SHUIRUPDQFH FULWLFDO DS
FRQVWLWXWH D VLIJQLILFDQW SRUWLRQ RI H[H
RSWLPL]DWLRQ LV WR LPSURYH WKH HIILFLHQ
UHGXQGDQW FRPSXWDWLRQV UHGXFLQJ PHPR
PD[LPL]LQJ SDUDOOHOLVP +HUH DUH VRPH FRF
RSWLPL]IDWLRQ DORQJ ZLWK H[DPSOHYV

Xx IRRS XQUROOLQJ WKDW LQYROYHV UHSOLFD)
WLPHVY WR UHGXFH ORRS RYHUKHDG 7KLV
EHQHILFLDO ZKHQ WKH ORRS ERG\ FRQWD
RSHUDWLRQV

2ULJLQDO ORRS
IRU LQWL L L A

UHVXOW |




$IWHU ORRS XQUROOLQJ
UHVXOW |
UHVXOW |

UHVXOW |

UHVXOW |

x IRRS )XVLRQ FRPELQHV PXOWLSOH ORRSV WKDW RStEH
VDPH GDWD LQWR D VLQJOH ORRS UHGXFLQJ PHPI
RYHUKHDG

6HSDUDWH ORRSYV
IRU LQWL L 1 L A
DUUD\ >L@ DUUD\ >L@

IRU LQWL L 1 L n
DUUD\ >L@ DUUD\ >L@

)XVHG ORRS

IRU LQWL L 1 L A
DUUD\ >L@ DUUD\ >L@
DUUD\ >L@ DUUD\ >L@

x IRRS ,QWHUFKDQJH LV WKH SURFHVV RI VZLWFKLQJ WK
YDULDEOHVY WKDW D QHVWHG ORRS XVHV LQ RUGHU L
LOWHUFKDQJH 7KH RXWHU ORRS XVHV WKH YDULDEOH
WKH LQQHU ORRS DQG YLFH YHUVD ,Q RUGHU WR LPES
UHIHUHQFH LW LV IUHTXHQWO\ GRQH WR PDNH VXUH W
D PXOWL GLPHQVLRQDO DUUD\ DUH DFFHVVHG LQ WKH F
VWRUHG LQ PHPRU\

el

=1}



IRU LQW M
IRU LQWL
D>L@>M@

$IWHU ORRS LQWHU

FKDQJH

IRU LQWL L
IRU LQW M

D>L@>M@

IRRS EORFNLQJ

VPDOOHU EORFNV WKDW

FDFKH PLVVHYV

2ULJLQDO ORRS
IRU LQWL L 1
DUUD\>L@

N

L

DUUD\>L@

$IWHU ORRS %ORFN

LQJ

%ORFNHG ORRS

IRU LQW EORFN EORFN 1 EO
IRU LQWL EORFN L PLQ EORF
DUUD\>L@ DUUD\>L@

&+(&. <285 352*5(66

L
RSWLPL]DWLRQ"

DOVR NQRZQ DV ORRS WLO
ILW LQWR WKH FDFI

RFN
N

% /
% /2 &.

KDW GRHV YDULDEOH SURSDJDWLRQ DLP



O T maQg

LL

O MM mao

LLL

O MM maQo

LY

O MM mao

O MM mao

YL

O Mmoo

SHPRYDO RI XQXVHG YDULDEOHYV

SURSDJDWLRQ RI FRQVWDQW YDOXHV WKURXJK YDULD
'"\QDPLFDOO\ DOORFDWLQJ YDULDEOHYV

OLQLPL]LQJ YDULDEOH VFRSH

KLFK Rl  WKH IROORZLQJ GHVFULEHV FRGH PRWI
RSWLPL]DWLRQ"

ORYLQJ IUHTXHQWO\ DFFHVVHG FRGH LQWR FDFKH PHI
5HRUJDQL]LQJ FRGH WR HQKDQFH UHDGDELOLW\
ORYLQJ FRGH VHIPHQWY WR UHGXFH UHGXQGDQW FDC
SHZULWLQJ FRGH LQ D GLITHUHQW SURJUDPPLQJ ODQJ

:KDW LV WKH SULPDU\ JRDO RI VWUHQJWK UHGX
RSWLPL]DWLRQ"

'"HFUHDVLQJ WKH FRPSOH[LW\ RI DOJRULWKPYV
7TUDQVIRUPLQJ H[SHQVLYH RSHUDWLRQV LQWR FKHDSI
(QKDQFLQJ FRGH UHDGDELOLW\

(OLPLQDWLQJ FRGH GXSOLFDWLRQ

‘KDW GRHV GHDG FRGH HOLPLQDWLRQ LQYROYH
RSWLPL]DWLRQ"

5HPRYLQJ FRGH WKDW LV XQUHDFKDEOH RU QHYHU HJ
OLQLPL]LQJ YDULDEOH GHFODUDWLRQYV

5HXVLQJ FRGH DFURVV GLIIHUHQW PRGXOHYV
(QKDQFLQJ FRGH GRFXPHQWDWLRQ

KLFK RI WKH IROORZLQJ LV QRW D FRPPRQ WHFKQLT
ORRS RSWLPL]DWLRQ"

IRRS XQUROOLQJ

IRRS EORFNLQJ

/IRRS LQYHUVLRQ

/IRRS IXVLRQ

:KLFK RI WKH IROORZLQJ VWDWHPHQWY LV WUXH UHJ
SURSDJDWLRQ"

,W LV SULPDULO\ FRQFHUQHG ZLWK UHQDPLQJ YDULDE
, W IRFXVHV RQ LGHQWLI\LQJ DQG UHPRYLQJ UHGXQGD
,W DLPV WR GHWHUPLQH WKH GDWD W\SH RI YDULDEO
W HQVXUHYV YDULDEOHY KDYH JOREDO VFRSH



YLL,Q FRGH PRWLRQ ZKLFK W\SH RI FRGH VI

GO T mo

WDUJHWHG IRU PRYHPHQW"

&RGH ZLWK PLQLPDO FRPSOH[LW\

&RGH ZLWK KLJK FRPSXWDWLRQDO FRVW
&RGH ZLWK IUHTXHQW EUDQFKLQJ

&RGH ZLWK H[WHQVLYH FRPPHQWYV

YLLLKLFK RI WKH IROORZLQJ LV DQ H[DPSOH R

O MM mao

L[

G T mao

G Tmmao

[L

GO T mao

[LL

O T maQg

5HSODFLQJ GLYLVLRQ E\ PXOWLSOLFDWLRC
$GGLQJ PRUH YDULDEOHY WR LPSURYH FRC
&RQYHUWLQJ LWHUDWLYH ORRSV LQWR UHI
5HPRYLQJ XQQHFHVVDU\ W\SH FDVWLQJ

KDW LV GHDG FRGH"

&RGH WKDW FRQWDLQV HUURUYVY DQG FUDVk
&RGH WKDW LV HIHFXWHG UHSHDWHGO\ LQ
&RGH WKDW LV QR ORQJHU UHDFKDEOH RU
&RGH WKDW SHUIRUPV PDWKHPDWLFDO FDC

‘KLFK ORRS RSWLPL]DWLRQ WHFKQLTXH DL
PLVVHV E\ GLYLGLQJ ORRSV LQWR VPDOOH
/IRRS XQUROOLQJ

IRRS IXVLRQ

/IRRS EORFNLQJ

/IRRS LQYHUVLRQ

'KDW LV WKH SXUSRVH RI FRQVWDQW SU
SURSDJDWLRQ RSWLPL]DWLRQ"

7R HOLPLQDWH XQXVHG YDULDEOHYV

7R LGHQWLI\ FRQVWDQW YDOXHV DVVLJQHC
7R G\QDPLFDOO\ DOORFDWH PHPRU\ IRU YD
7R UHGHILQH WKH VFRSH Rl YDULDEOHYV

KLFK RI WKH IROORZLQJ LV D SRWHQWLL
PRWLRQ"

,PSURYHG FDFKH ORFDOLW\

, QFUHDVHG UHJLVWHU SUHVVXUH

SHGXFHG H[HFXWLRQ WLPH

(QKDQFHG FRGH PRGXODULW\

-

(@)



[LLL:KLFK DULWKPHWLF RSHUDWLRQ LV RIWHQ UHSODFH

UHGXFWLRQ RSWLPL]DWLRQ"

D 6XEWUDFWLRQ ZLWK DGGLWLRQ

E OXOWLSOLFDWLRQ ZLWK GLYLVLRQ

F $GGLWLRQ ZLWK VXEWUDFWLRQ

G 'LYLVLRQ ZLWK PXOWLSOLFDWLRQ

[LY ,Q GHDG FRGH HOLPLQDWLRQ ZKDW GRHV XQUHDFKD

WR"

D &RGH VHIJPHQWY WKDW DUH GLIILFXOW WR XQGHUVWD

E &RGH VHIPHQWY WKDW DUH H[HFXWHG LQ HYHU\ ORRE

F &RGH VHIPHQWY WKDW DUH FRPPHQWHG RXW

G &RGH VHJPHQWY WKDW FDQQRW EH UHDFKHG GXUL
H[HFXWLRQ

[Y :KLFK ORRS RSWLPL]DWLRQ WHFKQLTXH IRFXVHV RQ

QXPEHU RI ORRS LWHUDWLRQV E\ FRPELQLQJ PXOWL
LQWR RQH"

D /JRRS XQUROOLQJ

E /RRS IXVLRQ

F /RRS EORFNLQJ

G /RRS LQYHUVLRQ
$16:(56 72 &+(&. <285 352*5(66

L E LL| F LLL E LY |D Y F

YL E YUL E YLLL D L] F [ F

[L E [L E [LLL E [LY | G [Y D

/(7 86 680 83
x 9DULDEOH SURSDJDWLRQ LQYROYHYV UHSODFLQJ RF

YDULDEOHYV ZLWK WKHLU YDOXHV ZKHQHYHU SRVVL
WKH QHHG IRU PHPRU\ DFFHVVHV DQG SRWHQWLDO
SHUIRUPDQFH

Xx &RGH PRWLRQ LQYROYHV PRYLQJ FRPSXWDWLR
DVVLIQPHQWY RXW RI ORRSV ZKHQ WKHLU UHVXC(
GHSHQG RQ ORRS LWHUDWLRQV 7KLV UHGXFHV
FRPSXWDWLRQV DQG LPSURYHV HIILFLHQF\

el

(@}



X 6WUHQIJWK UHGXFWLRQ LV D WHFKQLT
HI[ISHQVLYH RSHUDWLRQV ZLWK FKHDSHL
UHSODFLQJ PXOWLSOLFDWLRQ ZLWK DGG

x '"HDG FRGH HOLPLQDWLRQ LQYROYHV UH|
QR HIIHFW RQ SURJUDP RXWSXW RU E
LQFOXGH XQUHDFKDEOH FRGH RU FRGH Z
XVHG

x /IRRS RSWLPL]DWLRQ UHIHUV WR WHFKQL
WKH HIILFLHQF\ RI ORRSV LQ FRPSXWF
LOQFOXGHYVY ORRS XQUROOLQJ ORRS IXVL
LOWHUFKDQJH ORRS LQYDULDQW FRGF
WHFKQLTXHVY DLPHG DW UHGXFLQJ OR
LPSURYLQJ FDFKH ORFDOLW\

)857+(5 5($',1*

x ORGHUQ &RPSLOHU ,PSOHPHQWDWLRQ L
$SSHO 3XEOLVKHU &DPEULGJH 8QLYHU
QG (GLWLRQ

x (QJLQHHULQJ D &RPSLOHU E\ .HLWK ' &
7RUF]JRQ 3XEOLVKHU ORUJDQ .DXIPDQ
(GLWLRQ

X &RPSLOHU &RQVWUXFWLRQ 3ULQFLSO]
HQQHWK & IRXGHQ 3XEOLVKHU
/HDUQLQJ (GLWLRQ VW (GLWLRQ

x 3ULQFLSOHV RI &RPSLOHU 'HVLJQ E\ $
6HWKL 3XEOLVKHU $GGLVRQ :HVOH)\ (G

02'(/ 48(67,216

([SODLQ YDULDEOH SURSDJDWLRQ DQG
RSWLPL]LQJ FRGH 3URYLGH DQ H[DPSOH
SURSDJDWLRQ FDQ HOLPLQDWH UHGXQGDQ



:KDW LV FRGH PRWLRQ DQG ZK\ LV LW LPSRUWDQW L
FRGH" *LYH DQ H[DPSOH ZKHUH PRYLQJ FRGH RXWVL
LPSURYHYVY SHUIRUPDQFH

'"HILQH VWUHQJIJWK UHGXFWLRQ DQG LWV UROH LQ
DULWKPHWLF RSHUDWLRQV &RPSDUH DQG FRQWU
UHGXFWLRQ ZLWK ORRS XQUROOLQJ ,00XVWUDWH V
ZLWK DQ H[DPSOH FRGH VQLSSHW

'KDW LV GHDG FRGH DQG ZK\ LV LW XQGHVLUDEOH L
([SODLQ WKH GLIIHUHQFH EHWZHHQ VWDWLF DQG G\Q
HOLPLQDWLRQ 3URYLGH DQ H[DPSOH GHPRQVWUDWL
HOLPLQDWLRQ

'HVFULEH ORRS RSWLPL]DWLRQ WHFKQLTXHV FRPPR(
HQKDQFH SHUIRUPDQFH ([SODLQ WKH VLJQLILFDQF
IXVLRQ DQG ORRS XQUROOLQJ LQ RSWLPL]LQJ ORRSV

'"HILQH ORRS XQUROOLQJ DQG LWV SXUSRVH LQ ORRE
'LVEXVV WKH WUDGH RIIV DVVRFLDWHG ZLWK ORR(
SURYLGH DQ H[DPSOH ZKHUH ORRS XQUROOLQJ 1
SHUIRUPDQFH

([SODLQ ORRS IXVLRQ DQG LWV EHQHILWY LQ RSWL
&RPSDUH DQG FRQWUDVW ORRS IXVLRQ ZLWK ORRS V
HIDPSOH GHPRQVWUDWLQJ ORRS IXVLRQ

'HILQH ORRS EORFNLQJ DQG LWV UHOHYDQFH LQ
PHPRU\ DFFHVV SDWWHUQV 'LVFXVV WKH LPSDFW RI ¢
RQ FDFKH SHUIRUPDQFH 3URYLGH DQ H[DPSOH ZKt
EORFNLQJ HQKDQFHV FDFKH XWLOL]DWLRQ

'"HVFULEH ORRS LQWHUFKDQJH DQG LWV SXUSRVH L
QHVWHG ORRSV ([SODLQ KRZ ORRS LQWHUFKDQJH
GDWD ORFDOLW\

'"HILQH ORRS LQYDULDQW FRGH PRWLRQ DQG LWV UR
UHGXQGDQW FRPSXWDWLRQV 'LVFXVV WKH EHQHILWYV
Rl ORRS LQYDULDQW FRGH PRWLRQ



5()(5(1&(6 $1' 68**(67(' 5($',1*6

X &RPSLOHUV 3ULQFLSOHV 7HFKQLTXH\
$0OIUHG 9 $KR ORQLFD 6 /DP 5DYL
“HIIUH\ ' 800OPDQ 3XEOLVKHU 3HDUVF
(GLWLRQ

Eanld
-_—

s



81,7
675%$7(*,(6 2) &2'( 237,0,=$7,21

8QLW 6WUXFWXUH

 QWURGXFWLRQ
8QLW 2EMHEWLYHV
'DWD )ORZ $QDO\VLYV
2EMHEWYV
 QWHJUDWLQJ &0LHQWY DQG 2EMHFWV
6WDWLF YV "\QDPLF 50,
3DUDPHWHU 3DVVLQJ ([DPSOHV
&DVH 6WXG\
&KHFEN <RXU 3URJUHVV
$QVZHUV WR &KHFN <RXU 3URJUHVV
/JHW 8V 6XP 8S
)XUWKHU 5HDGLQJ
ORGHO 4XHVWLRQV
5HIHUHQFHY DQG 6XJJHVWHG 5HDGLQJV

,1752'8&7,21

&RGH RSWLPL]DWLRQ VWUDWHJILHY SOD\ D SLYRWDO URC(
SHUIRUPDQFH DQG HIILFLHQF\ RI VRIWZDUH V\VWHPV [H
IORZ DQDO\WVLVY FRPSLOHUV VFUXWLQL]H WKH IORZ RI GD!
WR LGHQWLI\ RSWLPL]DWLRQ RSSRUWXQLWLHYVY 2EMHFW R
VHDPOHVVO\ LOWHJUDWHG LQWR FRPSLOHU GHVLJ
PRGXODUL]DWLRQ UHXVDELOLW\ DQG IOH[LELOLW\ 7Kt
VWDWLF DQG G\QDPLF 5HPRWH OHWKRG ,QYRFDWLRQ 50,
FRPSXWLQJ LPSDFWV WKH V\VWHP V SHUIRUPDQFH DQ
O9DULRXV SDUDPHWHU SDVVLQJ H[DPS/OHV VXFK DV SDVV I
E\' UHIHUHQFH LQIOXHQFH FRPSLOHU RSWLPL]DWLRQV
EHKDYLRU $ FDVH VWXG\ H[HPSOLILHV KRZ D FRPSLOH
PXOWLWXGH RI RSWLPL]IDWLRQ WHFKQLTXHV WR ERRVW F



FRQVWDQW IROGLQJ WR WDUJHW VSBEWLF RSW
SHUIRUPDQFH JDLQV DFURVYV GLYHUVH SODWIR

81,7 2%-(&7,9(6
$IWHU JRLQJ WKURXJK WKLV XQLW \RX ZLOO E

Xx 8QGHUVWDQG WKH EDVLFV RI GDWD IOR
LPSRUWDQFH LQ SURJUDP DQDO\VLV

Xx 8QGHUVWDQG WKH FRQFHSWV Rl VWDWLF
WKHLU GLIITHUHQFHYV

x ([SORUH WKH DGYDQWDJHV DQG GLVDGYLE
G\QDPLF 50,

Xx 8QGHUVWDQG GLIIHUHQW SDUDPHWHU SDV
SDVV E\ YDOXH SDVV E\ UHIHUHQFH DQG &

X $QDO\]H UHDO ZRUOG FRGH H[DPSOHV WR
ERWWOHQHENYV

'$7%$)/2: $1%$/<6,6

,Q FRPSLOHU GHVLJQ GDWD IORZ DQDO\VLV
HIDPLQH WKH PRYHPHQW RI GDWD ZLWKLQ |
PRQLWRULQJ WKH YDOXHV RI H[SUHVVLRQV D
XWLOL]JHG DQG FRPSXWHG WKURXJKRXW WKH
SRVVLEOH SUREOHPYV DQG VFRSH IRU RSWLPL]LC

ORGHOLQJ WKH SURJUDP DV D JUDSK ZLWK SU]
DQG GDWD IORZ UHODWLRQVKLSYV ENWKHHHQ W}
IXQGDPHQWDO SULQFLSOH XQGHUO\LQJ GDWD
LQIRUPDWLRQ LV WKHQ VHQW DFURVV WKH JUD
YDULDEOHVY DQG H[SUHVVLRQV DW HDFK VWDJI
XVH RI D VHW Rl JXLGHOLQHV DQG IRUPXODYV

i3



&RPSLOHUV RIWHQ GR WKH IROORZLQJ NLQGV RI GDWD 10/

X SHDFKLQJ GHILQLWLRQV PRQLWRUV WKH GHILQLWLRQ
H[SUHVVLRQ WKURXJKRXW WKH SURJUDP DQG LGH
LQVWDQFHV ZKHUH WKH GHILQLWLRQ LQIOXHQFHV D
WKH YDULDEOH RU H[SUHVVLRQ 7KLV GDWD DLGV LQ
RI YDULDEOHV WKDW FDQ EH VDIHO\ RSWLPL]JHG RU H(

x /ILYH 9DULDEOH $QDO\VLV LGHQWLILHVY WKH VHJIPH
SURJUDP ZKHUH D YDULDEOH RU H[SUHVVLRQ UHPD
LQGLFDWLQJ WKDW LWV YDOXH LV QHFHVVDU\ IRU IXV
7KLV LQVLJKW KHOSV LQ SLQSRLQWLQJ YDULDEOHV W
UHPRYHG RU RSWLPL]HG

Xx $YDLODEOH ([SUHVVLRQV $QDO\VLV LGHQWLILHV SR
SURJUDP ZKHUH D SDUWLEXODU H[SUHVVLRQ LV
LQGLFDWLQJ WKDW LWV FRPSXWHG YDOXH FDQ EH
LQIRUPDWLRQ HQDEOHV WKH GHWHFWLRQ RI RSSR
FRPPRQ VXEH[SUHVVLRQ HOLPLQDWLRQ DQG RWKHU
WHFKQLTXHV

Xx &RQVWDQW 3URSDJDWLRQ $QDO\WLV PRQLWRUV FRQV
GHWHUPLQHV ZKHUH WKH\ DUH XVHG ZLWKLQ WKH S
NQRZOHGJH KHOSV LQ LGHQWLI\LQJ RSSRUWXQLWLH
IROGLQJ DQG RWKHU RSWLPL]DWLRQ WHFKQLTXHV

'DWD IORZ DQDO\WVLV XVHV WKH WHUPLQRORJLHYV

x '"HILQLWLRQ 3RLQW $ GHILQLWLRQ SRLQW ZLWKLQ |
ZKHUH D GDWD LWHP LV GHILQHG

x SHIHUHQFH 3RLQW $ UHIHUHQFH SRLQW ZLWKLQ D
ZKHUH D UHIHUHQFH WR D GDWD LWHP LV IRXQG

x (YDOXDWLRQ 3RLQW $Q HYDOXDWLRQ SRLQW ZLWKL:
ZKHUH DQ H[SUHVVLRQ LV SUHVHQW IRU HYDOXDWLRQ

7KH GLDJUDP EHORZ LOOXVWUDWHY DQ H[DPSOH RI D GtFt
UHIHUHQFH SRLQW DQG DQ HYDOXDWLRQ SRLQW ZLWKLQ



i '"HILQLWLRQ 3RLQW

SHIHUHQFH 3RLQW

(YDOXDWLRQ 3RLQW

'‘DWD )ORZ $QDO\VLAKHT&EDWDRIDPRZ DQDO\VLV
VHUYHV WR JDWKHU LQIRUPDWLRQ DERXW D S|
UHSUHVHQWYVY WKH GDWD IORZ DQDO\VLV HTXD
DV V

2XW>V@ é JEQW®@ .LOO>V@

'KHUH

2XW>V@ UHSUHVHQWYV WKH LQIRUPDWLRQ DW V
JHQ>V@ VLJQLILHV WKH LQIRUPDWLRQ JHQHUD!
,Q>V@ VWDQGV IRU WKH LQIRUPDWLRQ DW WKH

.LOO>V@ GHQRWHV WKH LQIRUPDWLRQ HOLPLQ
v

7KH SULPDU\ REMHFWLYH Rl GDWD IORZ DQDO
FRQVWUDLQWY RQ WKH ,0>V@ V DQG 2XW>V
FRQVWUDLQWY HQFRPSDVV WZR W\SHYV

X 7TUDQVIHU )XQKHNWRI® QVIHU IXQFWLRQ HQF
VHPDQWLFV RI WKH VWDWHPHQW GHILQLQ
IORZ YDOXHV EHIRUH DQG DIWHU WKH VW]I
LQVWDQFH FRQVLGHU WKH VWDWHPHQWYV
H[HEFXWLRQ ERWK [ DQG ] KROG WKH



TKHUHIRUH D WUDQVIHU IXQFWLRQ LOOXVWUDWHYV
EHWZHHQ GDWD IORZ YDOXHV SUH DQG SRVW WKH VYV
DUH WZR W\SHV RI WUDQVIHU IXQFWLRQV

&RQWURO )ORZ &RKPVWHPRQ®/ WHW RI FRQVWUDLQWYV
DULVHV IURP WKH FRQWURO IORZ ,I EORFN % FRQW
6 6 o WKHQ WKH FRQWURIOOEHA HDAR®RB RI 6

WR WKH FRQWURQ IORZ YDOXHV LQWR 6

,1>6 @ 28@6IRU DOO L Q =
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,Q FRPSLOHU GHVLJQ SDUWLFXODUO\ LQ WKH FRQWH[W R
VHYHUDO REMHFWY SOD\ FUXFLDO BRGHV LQ DQDO\]LQJ D

WR

LPSURYH LWV HIILFLHQF\ VL]H DQG VSHHG ©6RPH R

LQFOXGH

X

 QWHUPHGLDWH 5HSUHYHRW DDML RIgE VWU DFW
UHSUHVHQWDWLRQ Rl WKH VRX\WBKG&ERGH WKDW IDFLO
WUDQVIRUPDWLRQ GXULQJ YDULRXV VWDJHV RI F
'LIITHUHQW OHYHOV RI ,5 PD\ H[LVW VXFK DV +LJK /
+,5 O0OLGGOH /HYHO ,5 0,5 DQG /RZ /HYHO ,5 /,5
HDFK VHUYLQJ VSHFLILF RSWLPL]DWLRQ SXUSRVHYV
&RQWURO )ORZ *UD&K L&*D JUDSKLFDO
UHSUHVHQWDWLRQ RI WKH IORZ RI FRQWURO ZLWK
ZKHUH QRGHV UHSUHVHQW EDVLF EORFNV DQG HGJHYV
IORZ EHWZHHQ WKHP &)* KHOSV LQ DQDO\]LQJ DQG R
FRQWURO VWUXFWXUHV ORRS RSWLPL]DWLRQV DQG
SDWKV IRU WUDQVIRUPDWLRQV

'DWD )ORZ *UDSK ')*)*UHSUHVHQWYV GDWD
GHSHQGHQFLHV EHWZHHQ RSHUDWLRQV LQ D SURJUL
DQDO\]LQJ DQG RSWLPL]LQJ GDWD UHODWHG DVSHI



UHJLVWHU DOORFDWLRQ GDWD UHXVH
RSSRUWXQLWLHYV

6\PERO 7D&®GHRO WDEOH VWRUHV LQIRUF
LGHQWLILHUV YDULDEOHV IXQFWLRQV F
SURJUDP LQFOXGLQJ WKHLU QDPHV W\SH
ORFDWLRQV 6\PERO WDEOH LV HVVHQWLLI
DQDO\VLV W\SH FKHENLQJ DQG JHQHUDWL
2SWLPL]DWLRQ BHKHWVHWINMHVYXQGDPHQWDO R
DSSOLHG GXULQJ RSWLPL]DWLRQ VXFK
FRPPRQ VXEH[SUHVVLRQ HOLPLQDWLRQ (
FRGH HOLPLQDWLRQ DQG FRGH PRWLRQ
WDUJHW VSHFLILE SDWWHUQV RU LQHIILF
LPSURYH LWV SHUIRUPDQFH RU VL]H
'HSHQGHQF\ $QOPONVIGHQF\ DQDO\VLV LGt
GHSHQGHQFLHYV EHWZHHQ GLIIHUHQW SDUYV
GDWD GHSHQGHQFLHV FRQWURO GHSHQ
GHSHQGHQFLHV 'HSHQGHQF\ DQDO\VLV KFh
WKH UHODWLRQVKLSY EHWZHHQ SURJUDP
RSWLPL]DWLRQV OLNH SDUDOOHOL]DWLRQ
7UDQVIRUPDWLRQDOXORUWPDWLRQ UXOHV G
FRQGLWLRQV XQGHU ZKLFK VSHFLILE RSWL
DQG WKH DFWLRQV WR EH WDNHQ WR SHU
7KHVH UXOHV JXLGH WKH FRPSLOHU LQ
RSWLPL]DWLRQ WHFKQLTXHV EDVHG RQ W
FRGH EHLQJ FRPSLOHG

5HIJLVWHU $OORPBMHWLRWHIUD PO®RFDWLRQ V
YDULDEOHV WR SURFHVVRU UHJLVWHUYV
DFFHVVHV DQ RSWLPL]H SHUIRUPDQEFH
VWUDWHJILHYV DLP WR PD[LPL]JH UHJLVWHU
VDWLVI\LQJ FRQVWUDLQWY OLNH UHJLVWF
LQWHUIHUHQEH



17(*58$7,1*% &/,(176 $1' 2%-(&76

,QWHJUDWLQJ FOLHQWV DQG REMHFWV LQ FRPSLOHU
XQGHUVWDQGLQJ KRZ REMHFW RULHQWHG SULQFLSOHV
YDULRXV FRPSRQHQWYV RI D FRPSLOHU VXFK DV LWV DI
VWUXFWXUHVY DQG RSWLPL]DWLRQ WHFKQLTXHV &OLHQ
W\SLFDOO\ LQWHJUDWHG LQ FRPSLOHU GHVLJQ E\

$UFKLWHFWXUH 'HVLJQ

2EMHFW RULHQWHG GHVLJQ SULQFLSOHV VXFK DV
LQKHULWDQFH DQG SRO\PRUSKLVP FDQ EH DSSOLHG WR
WKH FRPSLOHU 'LIIHUHQW FRPSLOHU SKDVHV OH[LEDO
DQDO\VLV VHPDQWLF DQDO\VLY FRGH JHQHUDWLRQ RSV
EH UHSUHVHQWHG DV REMHFWYV ZLWK ZHOO GHILQHG LQV
FDQ HQFDSVXODWH LWV VSHFLILFR\WWRAWLRQDOLW\ DQG
SKDVHV WKURXJK ZHOO GHILQHG LQWHUIDFHVY SURPRWL
PDLQWDLQDELOLW\

'‘DWD 6WUXFWXUHYV

'‘DWD VWUXFWXUHVY XVHG ZLWKLQ WKH FRPSLOHU FDQ E
REMHFW RULHQWHG SULQFLSOHV )RU H[DPSOH DEVWU
$67v. VI\IPERO WDEOHV DQG LQWHURHGLDWH UHSUHVHQ\
UHSUHVHQWHG DV REMHFWYV 2EMHFWYVY UHSUHVHQWLQJ
HQFDSVXODWH LQIRUPDWLRQ DERXW SURJUDP FRQVWU?
PHWKRGV IRU WUDYHUVDO DQG PDQLSXODWLRQ 6\PERO
HQFDSVXODWH LQIRUPDWLRQ DERXW SURJUDP V\I\PERC
IXQFWLRQV W\SHV HWF DQG SURYLGH PHWKRGV IRU O
RSHUDWLRQV

2SWLPLIDWLRQ 7HFKQLTXHYV
2EMHFW RULHQWHG SURJUDPPLQJ 223 FRQFHSWV FDQ E
LPSOHPHQWLQJ YDULRXV RSWLPL]DWLRQ WHFKQLTXHYV



RSWLPLIDWLRQ DOJRULWKPV FDQ EH LPSOHP
PHWKRGV WKDW HQFDSVXODWH VSHFLILF RSWL
2EMHFW RULHQWHG GHVLIJQ SDWWHUQV VXFK
XVHG WR LPSOHPHQW RSWLPL]DWLRQV WKDW W
2SWLPL]DWLRQ SDVVHV FDQ EH LPSOHPHQWH(
FRPSRVHG DQG FRQILIJXUHG IOH[LEO\ WR D
RSWLPLIDWLRQ WUDQVIRUPDWLRQV

&RPSLOHU JURQWHQG DQG %DFNHQG

7KH FRPSLOHU IURQWHQG OH[LFD@QWOQPO\VLV
DQDO\WLV DQG EDFNHQG FRGH JHQHUDWLR
PRGXODUL]JHG XVLQJ REMHFW RULHQWHG SULC
LPSOHPHQWHG DV D VHSDUDWH REMHEW ZLW
DOORZLQJ IRU HDV\ UHSODFHPHQW RU H[W
FRPSRQHQWY 2EMHFW RULHQWHG GHVLJQ IDF
UHXVDEOH FRPSLOHU FRPSRQHQWY DQG SURPF
GLIIHUHQW FRPSLOHU SURMHEWYV

2YHUDOO LQWHJUDWLQJ FOLHQWW DR@GY REMHF
DSSO\LQJ REMHFW RULHQWHG SULQFLSOHV \
VWUXFWXUHV RSWLPL]DWLRQ WHFKQLTXHV D
FRPSLOHU 7KLV DSSURDFK SURPRWHYV PRGXOI
IOH[LELOLW\ HQDEOLQJ WKH GHYHORSPHQW
FRPSLOHUYV

67%7,& 96 '<1%$0,& 50,

5HPRWH OHWKRG ,QYRFDWLRQ 50, LV D Pt
GLVWULEXWHG FRPSXWLQJ WR HQDEOH FRPP)
REMHFWY ,Q WKH FRQWH[W RI FRPSLOHU GHYV
ERWK VWDWLF DQG G\QDPLF 50, FDQ SOD\ V
RIITHULQJ GLVWLQFW DGYDQWDJHYV DQG XVH FED

TO1



6WDWLF 50, LQYROYHV FRPSLOLQJ WKH PHWKRG FDOOV
PHDQLQJ WKDW WKH PHWKRG FDOOV DUH ERXQG WR VSHF
EHIRUH UXQWLPH 7KLV DSSURDFK RITHUV VHYHUDO EHQH
FRPSLOHU GHVLJQ DQG FRGH RSWLPL]DWLRQ

x (DUO\ %LQENMWLF 50, DOORZV IRU HDUO\ ELQGLQJ
PHWKRG FDOOV ZKLFK FDQ OHDG WR LPSURYHG SHL
WKH PHWKRG FDOOV DUH UHVROYHG DW FRPSLOH W
UXQWLPH

X &RPSLOH 7LPH 2SWLPEMWIKRQ PHWKRG FDOOV DUH
UHVROYHG DW FRPSLOH WLPH FRPSLOHUV FDQ SHU
RSWLPL]DWLRQV VXFK DV LQOLQLQJ FRQVWDQW SU
GHDG FRGH HOLPLQDWLRQ WR LPSURYH WKH HIILF
JHQHUDWHG FRGH

X GHGXFHG 2YHBMBWGF 50, W\SLFDOO\ LQFXUV OHVV
RYHUKHDG FRPSDUHG WR G\QDPLF 50, EHFDXVH WKE
FDOOV DUH UHVROYHG RQFH DW FRPSLOH WLPH DYF
IRU UXQWLPH ORRNXSYV

x ,PSURYHG 3UH GALIFWFIHE WKIHWR HWKRG FDOOV DUH ERXQ:
DW FRPSLOH WLPH GHYHORSHUV KDYH PRUH SUF
UHJDUGLQJ WKH EHKDYLRU Rl WKH SURJUDP ZKLFK
GHEXJJLQJ DQG SHUIRUPDQFH WXQLQJ

'\QDPLF 50, RQ WKH RWKHU KDQG LQYROYHV UHVROYLQJ
UXQWLPH DOORZLQJ IRU JUHDWHU IOH[LELOLW\ DQG G
G\QDPLF 50, PD\ QRW RIIHU WKH VDPH OHYHO RI SHU
RSWLPL]DWLRQV DV VWDWLF 50, LW KDV LWV RZQ VHW RI

X IDWH %LQGLMRILF 50, DOORZV IRU ODWH ELQGLQJ RI
PHWKRG FDOOV PHDQLQJ WKDW WKH PHWKRG LPSOH
EH FKDQJHG RU XSGDWHG DW UXQWLPH ZLWKRXW
UHFRPSLODWLRQ RI WKH FRGH

TO1



x \QDPLVRQDPLF 50, HQDEOHV G\QDPLF ORI
XQORDGLQJ RI FODVVHVY DQG REMHFWV DV
EHQHILFLDO LQ VFHQDULRV ZKHUH WKH FI
HYROYH IUHTXHQWO\ RU ZKHUH G\QDPLF Et

Xx SHPRWH OHWKRG '@MDPAFWIER QY ZHOO VXL
IRU VFHQDULRV ZKHUH PHWKRG FDOOV QH
QHWZRUN ERXQGDULHV DV LW DOORZV |
LQYRFDWLRQ RI UHPRWH PHWKRGV DW UXQ

x GHIOHFWLRQ DQG Q@RI HFWLROWHQ
OHYHUDJHV UHIOHFWLRQ DQG LQWURVSHF
SURYLGH SRZHUIXO ZD\V WR LQVSHFW DQC
UXQWLPH

,Q FRPSLOHU GHVLJQ DQG FRGH RSWLPL]DWLR
50, FDQ EH YDOXDEOH WRROV HDFK RIIHULH
GHSHQGLQJ RQ WKH UHTXLUHPHQWV QRI WKH V)
VFHQDULRYVY ZKHUH SHUIRUPDQFH DQG SUHGL
ZKLOH G\QDPLF 50, VKLQHV LQ VLWXDWLRQ\
G\QDPLVP DQG UHPRWH PHWKRG LQYRFDW
ERXQGDULHY 7KH FKRLFH EHWZHHQOAWDWLF D
GHSHQGV RQ IDFWRUV VXFK DV SHUIRUPDAQI
UHTXLUHPHQWY DQG WKH GHVLUHG OHYHO RI |

3$5$0(7(5 3$66,1* (;$03/(6

SDUDPHWHU SDVVLQJ UHIHUV WR WKH PHFKDQI
SDVVHG WR IXQFWLRQV RU PHWKRGV LQ D
‘'LITHUHQW SDUDPHWHU SDVVLQJ PHWKRGV KD
RSWLPL]DWLRQ LQ FRPSLOHU GHVLJQ +HUH
SDUDPHWHU SDVVLQJ PHWKRGYV DQG WKHLU LP!

3DVV E\ 9DOXH

X ,Q SDVV E\ YDOXH D FRS\ Rl WKH DUJXPHQ
WKH IXQFWLRQ

101



Xx 7KLV PHWKRG HQVXUHV WKDW WKH RULJLQDO YDOXH
ZLWKLQ WKH IXQFWLRQ

x 3DVV E\ YDOXH FDQ VLPSOLI\ RSWLPL]DWLRQ EHF
FRPSLOHU GRHVQ W QHHG WR FRQVLGHU SRWHQWLD
WKH RULJLQDO YDULDEOHV

X $GGLWLRQDOO\ LI WKH DUJXPHQW LV D FRQVWDQW R
FRPSLOHU PD\ SHUIRUP FRQVWDQW IROGLQJ RSWLPL]I

3DVV E\ 5HIHUHQFH

X ,Q SDVV E\ UHIHUHQFH D UHIHUHQFH WR WKH RULJL
SDVVHG WR WKH IXQFWLRQ

X $Q\ PRGLILFDWLRQ WR WKH SDUDPHWHU ZLWKLQ W
DIIHFWV WKH RULJLQDO YDULDEOH

x 3DVV E\ UHIHUHQFH FDQ FRPSOLFDWH RSWLPL]DWLR(
FRPSLOHU PXVW FRQVLGHU SRWHQWLDO VLGH HIIHFW
YDULDEOHYV

X +RZHYHU RSWLPL]DWLRQV VXFK DV FRS\ SURSDJD
FRPPRQ VXEH[SUHVVLRQ HOLPLQDWLRQ FDQ VWLOO E

3DVV E\ BRLQWHU

x 3DVV E\ SRLQWHU LV VLPLODU WR SDVV E\ UHIHUHQ
H[SOLFLW DV LW SDVVHV WKH PHPRU\ DGGUHVV RI Wt

x /LNH SDVV E\ UHIHUHQFH PRGLILFDWLRQV WR WKH
ZLWKLQ WKH IXQFWLRQ DIIHFW WKH RULJLQDO YDULD

x 3DVV E\ SRLQWHU FDQ FRPSOLFDWH RSWLPL]DWLRQ V
E\ UHIHUHQFH EXW LW PD\ DOVR HQDEOH PRUH IL
RSWLPL]DWLRQV EHFDXVH Rl H[SOLFLW PHPRU\
PDQLSXODWLRQ

3DVV E\ 9DOXH 5HVXOW

x 3DVV E\ YDOXH UHVXOW LV D K\EULG DSSURDFK ZKHU
UHFHLYHV D FRS\ RI WKH DUJXPHQW V YDOXH EXW ZL
PRGLILHG YDOXH WR WKH RULJLQDO YDULDEOH XSRQ

x 7KLYV PHWKRG FDQ FRPSOLFDWH RSWLPL]DWLRQ E}
RULJLQDO YDULDEOH V YDOXH PD\ FKDQJH EXW RSWI
DV FRS\ SURSDJDWLRQ FDQ VWLOO EH DSSOLHG

8QGHUVWDQGLQJ WKH VHPDQWLFYVY DQG LPSOLFDWLRQV RI
SDVVLQJ PHWKRGV LV FUXFLDO IRU RSWLPL]LQJ FRGtE

P87



'HSHQGLQJ RQ WKH ODQJXDJH DQG FRQWH[W
YDULRXV RSWLPL]DWLRQV WR LPSURYH FRC
SUHVHUYLQJ WKH LOQWHQGHG EHKDYLRU RI SDU

&$6( 678'<
&RGH RSWLPL]|DWLRQ LV D FUXFLDO SKDVH LQ
LPSURYLQJ WKH HIILFLHQF\ SHUIRUPDQFH D
FRGH ,Q WKLV FDVH VWXG\ ZH OO HFKORUH D
YDULRXV VWUDWHILHVY RI FRGH RSWLPL]DWLRC
SHUIRUPDQFH RI D FRPSLOHU

6FHQDYLVRIWZDUH FRPSDQ\ LV GHYHORSLQJ D
KLIJK OHYHO SURJUDPPLQJ ODQJXDJH 7KH FRP
WKH JHQHUDWHG FRGH WR LPSURYH WKH HJ[F
PHPRU\ FRQVXPSWLRQ 7KH FRPSLOHU ZLOO WL
LOQFOXGLQJ GHVNWRS FRPSXWHUV VHUYHUV D

6WUDWHJLHYV (PSOR\HG

Xx &RQVWDQW )ROGLPRPSLOHU DQDO\HV F
H[SUHVVLRQV GXULQJ FRPSLODWLRQ DQC
FRPSLOH WLPH )RU H[DPSOH LI WKH H[:
HQFRXQWHUHG WKH FRPSLOHU FRPSXWH
FRPSLODWLRQ UDWKHU WKDQ DW UXQWLPF
QXPEHU RI UXQWLPH FRPSXWDWLRQV D¢
HIILFLHQF\

X 'HDG &RGH (OLPLIQDWRPGLOHU LGHQWLIL
UHPRYHV XQUHDFKDEOH RU UHGXQGDQW F
YDULDEOHV XQUHDFKDEOH EUDQFKHV DQ
DUH HOLPLQDWHG WR VWUHDPOLQH WKH F|
UHGXFHV WKH VL]H RI WKH JHQHUDWHG FR
SHUIRUPDQFH
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/IRRS 2SWLPL]DKMH.RBRPSLOHU DSSOLHV YDULRXYV
WHFKQLTXHV WR RSWLPL]H ORRSV VXFK DV ORRS X
IXVLRQ DQG ORRS LQWHUFKDQJH /RRS XQUROOLC
UHSOLFDWLQJ ORRS ERGLHV WR UHGXFH ORRS RYHUK
LQVWUXFWLRQ OHYHO SDUDOOHOLVP /RRS IXVLRQ FF
ORRSV WR UHGXFH ORRS RYHUKHDG DQG PHPRU\ DFF
LOQWHUFKDQJH UHRUGHUV ORRS QHVWV WR LPSURYH
FDFKH XWLOL]DWLRQ

,QOLQH ([SDDRWHRBRPSLOHU VHOHFWLYHO\ UHSODFt
IXQFWLRQ FDOOV ZLWK WKH DFWXDO IXQFWLRQ FRGF
6PDOO IUHTXHQWO\ FDOOHG IXQFWLRQV DUH LQOLQH
RYHUKHDG RI IXQFWLRQ FDOOV ,QOLQLQJ UHGXF!
RYHUKHDG HQDEOHV IXUWKHU RSWLPL]DWLRQV DF
ERXQGDULHY DQG LPSURYHV RYHUDOO FRGH SHUIRUF
5HILVWHU $O®RFPRPLR@HU RSWLPL]JHV UHJLVWHU XVI
WR PLQLPL]H PHPRU\ DFFHVVHV DQG PD[LPL]H &38 U
XWLOL]DWLRQ ,W DOORFDWHV YBULDEOHV WR &38 U
SRVVLEOH UHGXFLQJ PHPRU\ WUDIILF DQG LPSURYLC
VSHHG 7HFKQLTXHV VXFK DV UHJLVWHU FRORULQJ J
DQG VSLOOLQJ DUH HPSOR\HG WR HIILFLHQWO\ DOORH
'DWD )ORZ $QIKG\VARPSLOHU SHUIRUPV GDWD IORZ
DQDO\VLY WR DQDO\H WKH IORZ Rl GDWD ZLWKLQ W
LGHQWLILHY RSSRUWXQLWLHV IRU FRPPRQ VXE |
HOLPLQDWLRQ FRQVWDQW SURSDJDWLRQ DQG FRS
'DWD IORZ DQDO\VLV RSWLPL]JHV WKH XVH RI YDUL
H[SUHVVLRQV UHGXFLQJ UHGXQGDQW FRPSXWDWLRQ
DFFHVVHV

7DUJHW B6SHFLILF 2BKWH.PARPWILA®BOU JHQHUDWHYV
SODWIRUP VSHFLILF FRGH RSWLPL]DWLRQV WDLORUF
DUFKLWHFWXUH $UFKLWHFWXUH VSHFLILF RSWLPL]C
LOQVWUXFWLRQ VFKHGXOLQJ YHFWRUL]DWLRQ DQG &



JHQHUDWLRQ DUH DSSOLHG 7TDUJHW V
PD[LPL]HV WKH SHUIRUPDQFH RI WKH JHQI
SODWIRUP

%\ LPSOHPHQWLQJ WKH DIRUHPHQWLRQHG
RSWLPLIDWLRQ WKH FRPSLOHU DFKLHYHG VL
FRGH HIILFLHQF\ SHUIRUPDQFH DQG PHPRU\
WDUJHW SODWIRUPV %HQFKPDUNV FRQGXFWH
GHPRQVWUDWHG VXEVWDQWLDO VSHHGXSYV
FRQVXPSWLRQ FRPSDUHG WR XQRSWLPL]JHG
FRPSLOHU FRQWULEXWHG WR WKH GHYHORSPI
VRIWZDUH VROXWLRQV HQKDQFLQJ MHKH FRPSI
PDUNHW

&RGH RSWLPL]DWLRQ LV D FULWLFDQJDVSHFW
FRPSLOHUV WR JHQHUDWH KLJK SHUIRUPDQFH
FRPSXWLQJ SODWIRUPV %\ HPSOR\LQJ D FRPE
WHFKQLTXHV WDLORUHG WR WKH FKDUDFWH
ODQJXDJH DQG WDUJHW DUFKLWHFWXUH FRP
SRWHQWLDO RI VRIWZDUH DSSOLFDWLRQV GH
DQG XVHU H[SHULHQFH ,Q WRGD\V UDSLGC
ODQGVFDSH FRQWLQXRXV DGYDQFHPHQWYV

WHFKQLTXHV DUH HVVHQWLDO WR PHHW WKH
PRUH HIILFLHQW VRIWZDUH VROXWLRQV

&+(&. <285 352*5(66

L ,Q FRPSLOHU GHVLJQ ZKDW LV GDWD IORZ
IRU"

,GHQWLI\LQJ VIQWDFWLFDO HUURUV LQ WK
$QDO\]ILQJ WKH IORZ RI GDWD ZLWKLQ D SU
*HQHUDWLQJ RSWLPL]J]HG PDFKLQH FRGH
ODQDJLQJ PHPRU\ DOORFDWLRQ

O T mo
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LL :KLFK RI WKH IROORZLQJ UHSUHVHQWY WKH IXQGDPH

XQGHUO\LQJ GDWD IORZ DQDO\VLV"

$EVWUDFW 6\QWD[ 7TUHHV $67

E 3URJUDP VWDWHPHQWY DV QRGHY DQG GDWD IORZ U
HGJHV

F &RQWURO )ORZ *UDSKV &)*

G ,QWHUPHGLDWH 5HSUHVHQWDWLRQ ,5

O

LLL:KLFK W\SH RI GDWD IORZ DQDO\VLV LGHQWLILHV Si
SURJUDP ZKHUH D SDUWLFXODU H[SUHVVLRQ LV DY
UHXVH"

SHDFKLQJ '"HILQLWLRQV $QDO\VLV

/LYH 9DULDEOH $QDO\VLV

$YDLODEOH ([SUHVVLRQV $QDO\VLV

&RQVWDQW 3URSDJDWLRQ $QDO\VLYV

O MM mQg

'KDW LV D GHILQLWLRQ SRLQW LQ GDWD IORZ DQDO\V
$ SRLQW ZKHUH D SURJUDP LV GHILQHG

$ SRLQW ZKHUH D GDWD LWHP LV GHFODUHG

$ SRLQW ZKHUH D GDWD LWHP LV GHILQHG

$ SRLQW ZKHUH D IXQFWLRQ LV GHILQHG

o mnmmo <

Y :KDW GRHV WKH GDWD IORZ DQD®\VLV HTXDWLRQ 2X\
Q>V@ .LOO>V@ UHSUHVHQW"

,QIRUPDWLRQ DW WKH HQG RI D VWDWHPHQW
,QIRUPDWLRQ JHQHUDWHG E\ D VWDWHPHQW
,QIRUPDWLRQ DW WKH EHJLQQLQJ RI D VWDWHPHQW
,QIRUPDWLRQ HOLPLQDWHG RU UHSODFHG E\ D VWDW!|

O Mmoo

YL ,Q FRPSLOHU GHVLJQ ZKDW GR REMHFWV VXFK DV
SHSUHVHQWDWLRQ , 5 DQG &RQWURO )ORZ *UDSK
UHSUHVHQW"

'DWD VWUXFWXUHV XVHG IRU UXQWLPH PHPRU\ PDQDJ
6WUDWHJLHYV IRU GDWD IORZ DQDO\VLV

&RPSRQHQWYVY RI WKH FRPSLOHU DUFKLWHFWXUH
2SWLPL]J]HG PDFKLQH FRGH

O Mmoo

YLL:KDW GLVWLQJXLVKHYVY VWDWLF 5 HPRWH OHWKRG ,QYR
IURP G\QDPLF 50,"

D 6WDWLF 50, LQYROYHYVY UHVROYLQJ PHWKRG FDOOV DV

E '\QDPLF 50, DOORZV IRU HDUO\ ELQGLQJ RI PHWKRG F|

(e Xo]



F
G

6WDWLF 50, LQFXUV OHVV RYHUKHDG FRPS]
'"\QDPLF 50, LQYROYHV FRPSLOLQJ PHWKRC
WLPH

YLLLKLFK SDUDPHWHU SDVVLQJ PHWKRG LQYRC

O MM mao

LI

G T mao

WKH DUJXPHQW V YDOXH WR WKH
3DVV E\ 5HIHUHQFH

3DVV E\ 3BRLQWHU

3DVV E\ 9DOXH

3DVV E\ 9DOXH

IXQFWLR(

:KDW LV WKH SULPDU\ REMHFWLYH RI WK
HTXDWLRQ"

7R GHULYH D VHW RI
VWDWHPHQW

7R FDOFXODWH WKH UXQWLPH FRPSOH[LW\
7R LGHQWLI\ VIQWDFWLFDO HUURUV LQ WK

7R GHWHUPLQH WKH RSWLPDO PHPRU\ DOO

FRQVWUDLQWY RQ W

"KLFK VWUDWHJ\ Rl FRGH RSWLPL]DWLRQ
UHSODFLQJ IXQFWLRQ FDOOV ZLWK WKH D
FDOO VLWH"

&RQVWDQW )ROGLQJ

/JRRS 2SWLPL]DWLRQ

,QOLQH ([SDQVLRQ

'HDG &RGH (OLPLQDWLRQ
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/(7 86 680 83
'DWD IORZ DQDO\VLV LV D YLWDO WHFKQL
HIDPLQLQJ GDWD PRYHPHQW ZLWKLQ SU!
RSWLPL]DWLRQ RSSRUWXQLWLHYV DQG SRW
W PRGHOV SURJUDPV DV JUDSKV ZLWK VV
GDWD IORZ UHODWLRQVKLSYV DV HGJHV H
YDULDEOH DQG H[SUHVVLRQ YDOXHV DFUR\



'DWD IORZ DQDO\VLV LQFOXGHV WHFKQLTXHV OLN
GHILQLWLRQV OLYH YDULDEOH DQDO\VLV DYDLODI
DQDO\WVLY DQG FRQVWDQW SURSDJDWLRQ DLGLQJ 1
DQG SUREOHP GHWHFWLRQ

7KH GDWD IORZ DQDO\VLYV HTXDWLRQ FDSWXUHV LQI
ZLWKLQ SURJUDP EORFNV FRQVLGHULQJ JHQHUDWH
LQIRUPDWLRQ DW HDFK VWDWHPHQW

7UDQVIHU IXQFWLRQV GHILQH KRZ GDWD IORZ YDO
EHIRUH DQG DIWHU D VWDWHPHQW V H[HFXWLRQ
XQGHUVWDQGLQJ DQG RSWLPL]LQJ FRGH VHPDQWLFV
&RQWURO IORZ FRQVWUDLQWY HQVXUH FRQVLVWHQF
YDOXHV DFURVV SURJUDP VWDWHPHQWY HVVHQWLE
DQDO\VLY DQG RSWLPL]DWLRQ

,Q FRPSLOHU GHVLJQ REMHFWYV OLNH LQWHUPHGLDW
FRQWURO IORZ JUDSKV DQG V\PERO WDEOHV SOD\ F
FRGH RSWLPL]DWLRQ IDFLOLWDWLQJ DQDO\VLV DQG
,QWHJUDWLQJ FOLHQWY DQG REMHFWYV LQ FRPSLOHU
REMHFW RULHQWHG SULQFLSOHV WR HQKDQFH
PDLQWDLQDELOLW\ DQG IOH[LELOLW\ DFURVV FRPSLC
6WDWLF DQG G\QDPLF 5HPRWH OHWKRG ,QYRFDWLRC
GLVWULEXWHG FRPSXWLQJ RIIHU GLVWLQFW DGYDQV
SHUIRUPDQFH DQG IOH[LELOLW\ LQ FRPSLOHU GH
RSWLPL]DWLRQ

3DUDPHWHU SDVVLQJ H[DPSOHV VXFK DV SDVV E\ YD
E\ UHIHUHQFH LQIOXHQFH FRPSLOHU RSWLPL]DWLRQ
EHKDYLRU DIIHFWLQJ FRGH HIILFLHQF\ DQG SHUIRUP|
$ FDVH VWXG\ GHPRQVWUDWHVY KRZ YDULRXV VWUDMW
RSWLPL]DWLRQ IURP FRQVWDQW IROGLQJ WR WD
RSWLPL]DWLRQV \LHOG VLJQLILFDQW SHUIRUPDQFH
FRPSLOHU LPSURYLQJ HIILFLHQF\ DQG FRPSHWLWLY
PDUNHW
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X ORGHUQ &RPSLOHU ,PSOHPHQWDWLRQ L
$SSHO 3XEOLVKHU &DPEULGJH 8QLYHU
QG (GLWLRQ

X (QJLQHHULQJ D &RPSLOHU E\ .HLWK ' &
7RUF]JRQ 3XEOLVKHU ORUJDQ .DXIPDQC
(GLWLRQ

X &RPSLOHU &RQVWUXFWLRQ 3ULQFLSOF
' HQQHWK & /RXGHQ 3XEOLVKHU &HQ
(GLWLRQ VW (GLWLRQ

X 3ULQFLSOHV RI &RPSLOHU 'HVLJQ E\ $I
6HWKL 3XEOLVKHU $GGLVRQ :HVOH\ (G

02'(/ 48(67,216
+RZ GRHV GDWD IORZ DQDO\VLV FRQWULEX
LQ FRPSLOHU GHVLJQ"
:KDW IXQGDPHQWDO SULQFLSOH XQGHUOLFE
FRPSLOHU GHVLJQ"
:KDW DUH WKH PDLQ W\SHV Rl GDWD IORZ
SHUIRUPHG E\ FRPSLOHUV"
'HILQH DQG H[SODLQ WKH WHUPLQRORJLH
DQDO\WLV VXFK DV GHILQLWLRQ SRLQW
HYDOXDWLRQ SRLQW
:KDW LV WKH GDWD IORZ DQDO\VLV HT
LQIRUPDWLRQ GRHV LW SURYLGH DERXW D
+RZ GR WUDQVIHU IXQFWLRQV DQG FRQ\
FRQWULEXWH WR GDWD IORZ DQDO\VLV"
'HVFULEH WKH UROH RI REMHFWV LQ FRPS
LQ WKH FRQWH[W RI FRGH RSWLPL]DWLRQ



+RZ DUH GLIIHUHQW REMHFWYV VXFK DV ,QWHL
5HSUHVHQWDWLRQ ,5 DQG 6\PERO 7DEOH XWLOL]HC
RSWLPL]DWLRQ"

:KDW DUH WKH NH\ SULQFLSOHV LQYROYHG LQ LQWH
DQG REMHFWYVY LQ FRPSLOHU GHVLJQ"

&RPSDUH DQG FRQWUDVW VWDWLF DQG G\QDPLF 5HF
,QYRFDWLRQ 50, LQ WKH FRQWH[W RI FRPSLOHU GHYV
RSWLPL]DWLRQ

SURYLGH H[DPSOHV RI SDUDPHWHU SDVVLQJ PHWKRG
WKHLU LPSOLFDWLRQV IRU FRGH RSWLPL]DWLRQ
'HVFULEH D FDVH VWXG\ ZKHUH YDULRXV VWUDWHJ
RSWLPLIDWLRQ ZHUH DSSOLHG LQ FRPSLOHU GHVLJQ
RXWFRPHV DQG EHQHILWY RI WKHVH RSWLPL]DWLRQV

5()(5(1&(6 $1' 68**(67(' 5($',1*6

X &RPSLOHUV 3ULQFLSOHV T7HFKQLTXHYV DQG 7RI
$OIUHG 9 $KR ORQLFD 6 /DP 5DYL 6HWKL DQG -F
800PDQ 3XEOLVKHU 3HDUVRQ (GLWLRQ QG (Gl
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