
D Jdxvv Lpsohphqwdwlrq ri Krsvfrwfk Phwkrgv

Wkh SGH5G oleudu|

Wklhuu| Urqfdool

Ilqdqfldo Hfrqrphwulf Uhvhdufk Fhqwuh

Flw| Xqlyhuvlw| Exvlqhvv Vfkrro

Iurelvkhu Fuhvfhqw

Eduelfdq Fhqwhu

Orqgrq HF5\ ;KE

Dgdp Nxuslho

O1D1U1H

Xqlyhuvlwì Prqwhvtxlhx0Erughdx{ LY

Dyhqxh Oìrq Gxjxlw

6693; Shvvdf

Iudqfh

Rfwrehu 59/ 4<<;



Frqwhqwv

4 Lqwurgxfwlrq 6
414 Lqvwdoodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6
415 Jhwwlqj vwduwhg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

41514 uhdgph1SGH �oh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6
41515 Vhwxs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

416 Zkdw lv SGH5G B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7
417 Xvlqj Rqolqh Khos 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

5 Sduwldo Gl�huhqwldo Htxdwlrqv lq 5 vsdfh glphqvlrqv 8
514 Wkh SGH sureohp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8
515 Wkh Krsvfrwfk dojrulwkpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9
516 Vroxwlrq h{wudfwlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <
517 Ghulyh dqg IlqgLqgh{ surfhgxuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

6 Frppdqg Uhihuhqfh 44

7 Wxwruldo 4<
714 Wkh SGH5G surfhgxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<

71414 Glulfkohw frqglwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
71415 Qhxpdqq frqglwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
71416 Pl{lqj Glulfkohw dqg Qhxpdqq frqglwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54

715 Wkh Krsvfrwfk surfhgxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55
71514 Wkh bKrsvfrwfkbPhvkUdwlrv gdwd ex�hu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
71515 Wkh bKrsvfrwfkbPhwkrgv yduldeoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57
71516 Wkh bKrsvfrwfkbSulqwLwhuv yduldeoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
71517 Wkh bKrsvfrwfkbUhwfrgh yhfwru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
71518 Wkh bKrsvfrwfkbVdyhOdvwLwhu yduldeoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:

716 Wkh H{wudfwVroxwlrq surfhgxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:
717 Hoolswlf sureohpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
718 Vrph h{dpsohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67

71814 4vw h{dpsoh ri Jrxuod| dqg PfNhh ^4<::` 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
71815 5qg h{dpsoh ri Jrxuod| dqg PfNhh ^4<::` 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:
71816 7wk h{dpsoh ri Jrxuod| dqg PfNhh ^4<::` 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<
71817 Vwrfkdvwlf yrodwlolw| rswlrq prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75

7181714 Hxurshdq rswlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
7181715 Dphulfdq rswlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77

71818 Juhhnv frpsxwlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79
71819 Odsodfh htxdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7;

Eleolrjudsk| 86

Lqgh{ 87
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LQWURGXFWLRQ 6

41 LQWURGXFWLRQ

414 Lqvwdoodwlrq

41 Wkh �oh sgh5g1}ls lv d }lsshg dufklyh �oh1 Frs| wklv �oh xqghu wkh urrw gluhfwru| ri Jdxvv/ iru
h{dpsoh F=qJDXVV1

51 Xq}ls lw zlwk dufklyh prgh1 Lw lv dxwrpdwlfdoo| uhfrjql}hg e| Zlq]ls1 Zlwk Xq}ls ru SNxq}ls/
xvh wkh 0g  dj

snxq}ls 0g sgh5g1}ls

Gluhfwrulhv zloo wkhq eh fuhdwhg dqg �ohv zloo eh frslhg ryhu wkhp=

wdujhwbsdwk uhdgph1sgh
wdujhwbsdwkqole oleudu| �oh
wdujhwbsdwkqh{dpsohvqsgh5g h{dpsoh dqg wxwruldo �ohv
wdujhwbsdwkqvufqsgh5g vrxufh frgh �ohv

61 Uxq Jdxvv1 Orj rq wr wkh vufqsgh5g gluhfwru|4 dqg dgg wkh sdwk wr wkh oleudu| �oh sgh5g1ofj
lq wkh iroorzlqj zd|=

ole sgh5g 2dggsdwk

415 Jhwwlqj vwduwhg

Jdxvv 615153. iru RV25/ Zlqgrzv QW2<8 ru Xql{ lv uhtxluhg wr xvh wkh SGH5G urxwlqhv1

41514 uhdgph1SGH �oh

Wkh �oh uhdgph1SGH frqwdlqv odvw plqxwh lqirupdwlrq rq wkh SGH5G surfhgxuhv1 Sohdvh uhdg lw ehiruh
xvlqj wkhp1

41515 Vhwxs

Lq rughu wr xvh wkhvh surfhgxuhv/ wkh SGH5G oleudu| pxvw eh dfwlyh1 Wklv lv grqh e| lqfoxglqj SGH5G
lq wkh OLEUDU\ vwdwhphqw dw wkh wrs ri |rxu surjudp=

oleudu| SGH5G>

Wr uhvhw joredo yduldeohv lq vxevhtxhqw h{hfxwlrqv ri wkh surjudp/ wkh iroorzlqj lqvwuxfwlrq vkrxog eh
xvhg=

SGH5Gvhw>

4\rx pd| xvh wkh frppdqgv FkdqjhGlu ru fkglu dqg |rx pd| yhuli| wkdw |rx duh lq wkh vuf.sgh5g gluhfwru| zlwk wkh

fglu+3, frppdqg1



7 LQWURGXFWLRQ

Li |rx sodq wr pdnh dq| uljkw0kdqg uhihuhqfh wr wkh joredo yduldeohv/ |rx zloo dovr qhhg wkh vwdwhphqw=

&lqfoxgh wdujhwbsdwkqvufqsgh5gqsgh5g1h{w>

Wkh SGH5G yhuvlrq qxpehu lv vwruhg dv d joredo yduldeoh=
bSGH5Gbyhu 6 � 4 pdwul{ zkhuh wkh �uvw hohphqw lqglfdwhv wkh pdmru yhuvlrq qxpehu/ wkh

vhfrqg hohphqw wkh plqru yhuvlrq qxpehu/ dqg wkh wklug hohphqw wkh uhylvlrq
qxpehu

416 Zkdw lv SGH5G B

SGH5G lv d Jdxvv oleudu| iru vroylqj Sduderolf dqg Hoolswlf Sduwldo Gl�huhqwldo Htxdwlrqv +SGH, lq 5
vsdfh glphqvlrqv1 Lw lqfoxghv Krsvfrwfk dqg �0vfkhphv dojrulwkpv zlwk �qlwh gl�huhqfh phwkrgv1

SGH5G frqwdlqv wkh surfhgxuhv zkrvh olvw lv jlyhq ehorz1 Vhh wkh frppdqg uhihuhqfh sduw iru d ixoo
ghvfulswlrq1

� Ghulyh= Frpsxwhv wkh ghulydwlyh ri wkh gdwd zlwk uhvshfw wr wkh phvk vsdflqj k

� H{wudfwVroxwlrq= H{wudfwv vroxwlrq xpl>m iru d vshfl�f ydoxh ri w/ { ru |

� IlqgLqgh{= Uhwxuqv wkh lqglfhv ri wkh hohphqwv ri d yhfwru { htxdo wr wkh hohphqwv ri d yhfwru y

� Krsvfrwfk= Vroyhv wkh SGH sureohp zlwk Krsvfrwfk phwkrgv

� SGH5G= Lqlwldol}hv wkh SGH sureohp

� SGH5Gvhw= Uhvhwv ghidxowv

417 Xvlqj Rqolqh Khos

SGH5G oleudu| vxssruwv Zlqgrzv Rqolqh Khos1 Ehiruh xvlqj wkh eurzvhu/ |rx kdyh wr yhuli| wkdw wkh
SGH5G oleudu| lv dfwlydwhg e| wkh oleudu| frppdqg1



SDUWLDO GLIIHUHQWLDO HTXDWLRQV LQ 5 VSDFH GLPHQVLRQV 8

51 SDUWLDO GLIIHUHQWLDO HTXD0
WLRQV LQ 5 VSDFH GLPHQVLRQV

Wkh oleudu| SGH5G lv d Jdxvv lpsohphqwdwlrq ri wkh Krsvfrwfk phwkrgv ghvfulehg lq Jrxuod| dqg
PfNhh ^4<::` dqg Nxuslho dqg Urqfdool ^4<<;`1 Wkh uhdghu pd| uhihu wr wkh vhfrqg duwlfoh wr
xqghuvwdqg wkh qrwdwlrqv xvhg lq wklv pdqxdo1

514 Wkh SGH sureohp

Wkh SGH sureohp frqvlvwv ri wkh olqhdu sduderolf htxdwlrq

C x +w> {> |,

C w
. i +w> {> |,x +w> {> |, @ Dwx +w> {> |, . j +w> {> |, +514,

zkhuh Dw lv wkh jhqhudo wzr0vsdfh glphqvlrqv gl�huhqwldo rshudwru

Dwx +w> {> |, @ d +w> {> |,
C5 x +w> {> |,

C {5
.5e +w> {> |,

C5 x +w> {> |,

C {C |
. f +w> {> |,

C5 x +w> {> |,

C |5
.

g +w> {> |,
C x +w> {> |,

C {
. h +w> {> |,

C x +w> {> |,

C |

+515,

Wkh SGH5G oleudu| vroyhv wkh sureohp +514, lq wkh uhjlrq ri wkh +w> {> |, vsdfh jlyhq e| 9�7 zlwk

7 @
�
{�> {.

�
�

�
|�> |.

�
+516,

dqg
9 @

�
w�> w.

�
+517,

Zh frxog lpsrvh Glulfkohw ru Qhxpdqq frqglwlrqv=

x
�
w�> {> |

�
@ x+w�, +{> |,

x
�
w> {�> |

�
@ x+{�, +w> |,

Z C x +w> {> |,

C {

����
{@{�

@ x3+{�, +w> |,

x
�
w> {.> |

�
@ x+{., +w> |,

Z C x +w> {> |,

C {

����
{@{.

@ x3+{., +w> |,

x
�
w> {> |�

�
@ x+|�, +w> {,

Z C x +w> {> |,

C |

����
|@|�

@ x3+|�, +w> {,

x
�
w> {> |.

�
@ x+|., +w> {,

Z C x +w> {> |,

C |

����
|@|.

@ x3+|., +w> {,

+518,

Wr lqlwldol}h wkh SGH sureohp/ zh xvh wkh SGH5G surfhgxuh

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/)kSurf/

)wplqErxqg/){plqErxqg/){pd{Erxqg/)|plqErxqg/)|pd{Erxqg/

)G{plqErxqg/)G{pd{Erxqg/)G|plqErxqg/)G|pd{Erxqg,>

Wkh jhqhudo irup ri wkh surfhgxuhv lv



9 SDUWLDO GLIIHUHQWLDO HTXDWLRQV LQ 5 VSDFH GLPHQVLRQV

surf +4, @ dSurf+w/{/|,>

orfdo d>

d @

uhws+d,>

hqgs>

Uhpdun 4 Lq wkh SGH5G oleudu|/ { dqg | duh wuhdwhg uhvshfwlyho| dv d Q{ � 4 froxpq yhfwru dqg d
4�Q{ urz yhfwru dqg wkh surfhgxuhv -Surf pxvw uhwxuq d Q{ �Q| pdwul{1

k lv d vshfldo ixqfwlrq1 Li lw lv qrw lqlwldol}hg wr 3/ wkh Krsvfrwfk dojrulwkpv xvh wklv ixqfwlrq dw hdfk
lwhudwlrq p wr prgli| wkh qxphulfdo vroxwlrq

xp =@ k +w> {> |>xp,

Wkh irup ri wkh kSurf surfhgxuh lv dovr

surf +4, @ kSurf+w/{/|/x,>

orfdo k>

k @

uhws+k,>

hqgs>

Iru hdfk erxqg/ |rx kdyh wr vshfli| d erxqgdu| frqglwlrq/ hlwkhu d Glulfkohw ru d Qhxpdqq Frqglwlrq1
Iru h{dpsoh/ li zh kdyh wkh iroorzlqj frppdqg olqh

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/)kSurf/

)wplqErxqg/3/){pd{Erxqg/)|plqErxqg/3/)G{plqErxqg/3/3/3,>

Glulfkohw frqglwlrqv duh lpsrvhg iru { @ {. dqg | @ |� dqg zh sxw d xvhu0gh�qhg Qhxpdqq frqglwlrq rq
{ @ {�1 Ehfdxvh |pd{Erxqg dqg G|pd{Erxqg duh erwk vhw wr 3/ SGH5G xvhv wkh xvxdo Qhxpdqq frqglwlrq

C x +w> {> |,

C |

����
|@|.

@ 3

Uhpdun 5 Wkh SGH5G surfhgxuh sulqwv lqirupdwlrq derxw wkh erxqgdu| qdwxuh ri wkh SGH sureohp li
bbrxwsxw lv vhw wr 41

Iru wkh suhfhghqw h{dpsoh/ zh kdyh

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

Erxqg Glulfkohw Qhxpdqq

{plq ---------

{pd{ ---------

|plq ---------

|pd{ 3

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

515 Wkh Krsvfrwfk dojrulwkpv

Wkh surfhgxuh Krsvfrwfk hqdeohv |rx wr vroyh wkh SGH sureohp1 Lwv v|qwd{ lv

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/QdphIloh,>



WKH KRSVFRWFK DOJRULWKPV :

Wkh yduldeohv wplq/ wpd{/ {plq/ {pd{/ |plq dqg |pd{ fruuhvsrqg wr w�/ w./ {�/ {./ |� dqg |.1 Qw/ Q{
dqg Q| duh uhvshfwlyho| wkh qxpehu ri glvfuhwlvdwlrq srlqwv iru wkh wlph w +Qw, dqg wkh vsdfh gluhfwlrqv
{ +Q{, dqg | +Q|,1 Wkh qxphulfdo vroxwlrq ri wkh SGH sureohp xpl>m lv vwruhg lq wkh QdphIloh gdwdvhw
lq wkh iroorzlqj zd|=

%f ' %
3

%� %2 u u u %�{32 %�{3� ' %
n

+f ' +
3

+� +2 u u u +�|32 +�|3� ' +
n

|f ' |
3

�
f
fcf �

f
�cf �

f
2cf u u u �

f
�{32cf

�
f
�{3�cf

�
f
fc� u u u �

f
�{3�c�

u u u �
f
fc�|3�

u u u �
f
�{3�c�|3�

|� �
�
fcf �

�
�cf �

�
2cf u u u �

�
�{32cf

�
�
�{3�cf

�
�
fc� u u u �

�
�{3�c�

u u u �
�
fc�|3�

u u u �
�
�{3�c�|3�

1
1
1

1
1
1

1
1
1

1
1
1

1
1
1

|�w3� ' |
n

�
�
fcf �

�
�cf �

�
2cf u u u �

�
�{32cf

�
�
�{3�cf

�
�
fc� u u u �

�
�{3�c�

u u u �
�
fc�|3�

u u u �
�
�{3�c�|3�

zlwk

wp @ w� .p � n

{l @ {� . l � k{

|m @ |� . m � k|

dqg

n @
w. � w�

Qw � 4

k{ @
{. � {�

Q{ � 4

k| @
|. � |�

Q| � 4

Wkh �uvw dqg vhfrqg urzv ri wkh gdwdvhw frqwdlq wkh Q{ ydoxhv {l dqg Q| ydoxhv |m 1 Wkh wp dqg xpl>m
ydoxhv duh vwruhg lq wkh qh{w Qw urzv1 Ohw xp eh wkh pdwul{ zlwk wkh +l> m, hqwu|

�
xpl>m

�
1 Wkhq/ wkh vwrudjh

phwkrg fruuhvsrqgv wr wkh iroorzlqj vwdfnlqj phwkrg
k
wp yhf +xp,

A

l

Uhpdun 6 Wkh Krsvfrwfk surfhgxuh sulqwv lqirupdwlrq derxw phvk udwlrv li bbrxwsxw lv vhw wr 41

Wklv lv dq rxwsxw ri wkh Krsvfrwfk surfhgxuh =

Iloolqj Krsvfrwfk phwkrg= ohiw0uljkw

Wkhwd Krsvfrwfk phwkrg= rughuhg rgg0hyhq

Phvk vsdflqj lq wlph = n @ 3138333333

Phvk vsdflqj lq vsdfh { = k{ @ 3143333333

Phvk vsdflqj lq vsdfh | = k| @ 3143333333

Phvk udwlr u+{/{,= 81333333

u+{/|,= 81333333

u+|/|,= 81333333

Krsvfrwfk frpsohwhg

Uhpdun 7 \rx frxog xvh wkh bKrsvfrwfkbHoolswlf yduldeoh wr vshfli| wkdw wkh SGH sureohp lv dq
hoolswlf sureohp1 Lq wklv fdvh/ Krsvfrwfk vwrsv lwhudwlrqv li wkh iroorzlqj frqglwlrq lv yhul�hg

xp.4 @ xp

Qrwh wkdw Krsvfrwfk xvhv wkh ix}}| frpsdulvrq ixqfwlrq iht wr shuirup wkh whvw1 \rx frxog dovr prgli|
wkh ydoxh wdnhq e| bifpswro1



; SDUWLDO GLIIHUHQWLDO HTXDWLRQV LQ 5 VSDFH GLPHQVLRQV

Uhpdun 8 \rx pd| dffhvv wr wkh phvk udwlrv dqg phvk vsdflqj zlwk wkh gdwd ex�hu
bKrsvfrwfkbPhvkUdwlrv1 Wkh| pd| eh h{wudfwhg zlwk wkh yuhdg frppdqg xvlqj wkh iroorzlqj vwulqjv=

**n** Phvk vsdflqj n lq wlph w

**k{** Phvk vsdflqj k{ lq vsdfh {

**k|** Phvk vsdflqj k| lq vsdfh |

**u+{/{,** Phvk udwlr u +{> {, @ n
k{k{

**u+{/|,** Phvk udwlr u +{> |, @ n
k{k|

**u+|/|,** Phvk udwlr u +|> |, @ n
k|k|

Uhpdun 9 bKrsvfrwfkbPhwkrgv lv wkh lqglfdwru yduldeoh ghwhuplqlqj wkh �oolqj dqg wkhwd Krsvfrwfk
phwkrgv1 Lw lv d 5�4 yhfwru1 \rx frxog vhw bKrsvfrwfkbPhwkrgv^4` wr 4 iru wkh ohiw0uljkw phwkrg/ 5 iru
wkh fhqwhu phwkrg ru wr d srlqwhu wr d surfhgxuh wkdw frpsxwhv d xvhu0gh�qhg phwkrg1 Wkh v|qwd{ ri wklv
surfhgxuh lv

~ghowdPlqxvPlqxv/ghowd]hurPlqxv/ghowdSoxvPlqxv/

ghowdPlqxv]hur/ghowd]hur]hur/ghowdSoxv]hur/

ghowdPlqxvSoxv/ghowd]hurSoxv/ghowdSoxvSoxv� @

surfIloolqjPhwkrg+dblm/eblm/fblm/gblm/hblm/k{/k|/Q{/Q|,>

Wkh wkhwd Krsvfrwfk phwkrg lv ghwhuplqhg e| bKrsvfrwfkbPhwkrgv^5`1 Lw wdnhv wkh ydoxhv 3 � 4 iru
d �0phwkrg +h{solflw @ 3 � Fudqn0Qlfkrovrq @ 318 � lpsolflw @ 4,/ 5 iru wkh rughuhg rgg0hyhq phwkrg
dqg 6 iru wkh olqh phwkrg1 Lw pd| dovr fruuhvsrqg wr d srlqwhu wr d surfhgxuh li |rx zdqw wr hpsor| d
xvhu0gh�qhg wkhwd phwkrg1 Wkh v|qwd{ ri wklv surfhgxuh lv dovr

~wkhwdbpp/wkhwdbp� @ surfWkhwdPhwkrg+l/m/p,>

Uhpdun : Iru vrph SGH sureohpv/ frpsxwdwlrqv pd| eh yhu| orqj1 \rx frxog xvh wkh
bKrsvfrwfkbSulqwLwhuv wr fkhfn wkh qxpehu ri shuiruphg lwhudwlrqv1

Uhpdun ; Wkh bKrsvfrwfkbUhwfrgh lv d Qw � 4 yhfwru zklfk frqwdlqv wkh vsduvh v|vwhp whuplqdwlrq
frqglwlrq jlyhq e| wkh VsduvhVroyh surfhgxuh1 Wkh srvvleoh ydoxhv ri bKrsvfrwfkbUhwfrgh^p.4` duh=

3 � xp.4 lv wkh h{dfw vroxwlrq/ qr lwhudwlrqv shuiruphg1

4 � xp.4 lv qhduo| h{dfw zlwk dffxudf| rq wkh rughu ri bvsduvhbDwro dqg bvsduvhbEwro1

5 � xp.4 lv qrw h{dfw dqg d ohdvw vtxduh vroxwlrq kdv ehhq irxqg zlwk dffxudf| rq wkh rughu

ri bvsduvhbDwro1

6 � Wkh hvwlpdwh ri wkh frqglwlrq ri �p.4 kdv h{fhhghg bvsduvhbFrqgOlplw1Wkh v|vwhp dsshduv

wr eh loo0frqglwlrqhg1

7 � xp.4 lv qhduo| h{dfw zlwk uhdvrqdeoh dffxudf|1

8 � xp.4 lv qrw h{dfw dqg d ohdvw vtxduhv vroxwlrq kdv ehhq irxqg zlwk uhdvrqdeoh dffxudf|1

9 � Lwhudwlrqv kdowhg gxh wr srru frqglwlrq jlyhq pdfklqh suhflvlrq1

: � bvsduvhbQxpLwhuv h{fhhghg1

Uhpdun < Li |rx zrxog wr vdyh rqo| wkh odvw lwhudwlrq vroxwlrq/ |rx frxog xvh wkh iroorzlqj v|qwd{

bKrsvfrwfkbVdyhOdvwLwhu @ 4

Lq wklv fdvh/ wkh QdphIloh gdwdvhw ehfrphv

%f ' %
3

%� %2 u u u %�{32 %�{3� ' %
n

+f ' +
3

+� +2 u u u +�|32 +�|3� ' +
n

|�w3� ' |
n

�
�
fcf �

�
�cf �

�
2cf u u u �

�
�{32cf �

�
�{3�cf �

�
fc� u u u �

�
�{3�c� u u u �

�
fc�|3�

u u u �
�
�{3�c�|3�

Uhpdun 43 Li bKrsvfrwfkbFrqyhujhqfh lv qrw htxdo wr 3/ wkh surfhgxuh fkhfnv wkh bvsduvhbUhwfrgh

ydoxh dw hdfk lwhudwlrq dqg vwrsv li lw hqfrxqwhuv frqyhujhqfh sureohpv1



VROXWLRQ H[WUDFWLQJ <

516 Vroxwlrq h{wudfwlqj

\rx frxog ri frxuvh xvh wkh Jdxvv frppdqgv wr h{wudfw vroxwlrq iurp wkh gdwd vhw QdphIloh1 Wkh
H{wudfwVroxwlrq surfhgxuh lv surylghg wr pdnh lw hdvlhu1 Lwv v|qwd{ lv

X @ H{wudfwVroxwlrq+QdphIloh/fq,>

Wkh yduldeoh fq frxog wdnh gl�huhqwv ydoxhv1 Li fq lv wkh vwulqj **w**/ wkhq X fruuhvsrqgv wr wkh froxpq
yhfwru iwpj1 Zh rewdlq wkh froxpq yhfwru i{lj ru wkh urz yhfwru i|mj e| vhwwlqj fq wr **{** ru **|**1
Zh frxog dovr h{wudfw vshfl�f vroxwlrqv xpl>m e| xvlqj d 5� 4 yhfwru1 Zh kdyh

fq X

**wmwp** Q{ �Q| pdwul{ zlwk hqwu| wkh +l> m, hqwu|
�
xpl>m

�
**{m{l** Qw �Q| pdwul{ zlwk hqwu| wkh +p> m, hqwu|

�
xpl>m

�
**|m|m** Q{ �Qw pdwul{ zlwk hqwu| wkh +l>p, hqwu|

�
xpl>m

�

517 Ghulyh dqg IlqgLqgh{ surfhgxuhv

Zh frxog hpsor| wkh surfhgxuh Ghulyh wr frpsxwh wkh ghulydwlyh pdwul{ Gx ri d Q �P gdwd pdwul{
x @ +xl>m,1 Lwv v|qwd{ lv

Gx @ Ghulyh+x/k/pwg,>

Ohw k eh wkh phvk vsdflqj1 Iru 5 9 l 9 Q � 4/ zh kdyh

Gx
l>m @

xl>m � xl�4>m

k

iru wkh ohiw gl�huhqfh phwkrg +pwg @ 04,/

Gx
l>m @

xl.4>m � xl�4>m

5k

iru wkh fhqwhu gl�huhqfh phwkrg +pwg @ 3, dqg

Gx
l>m @

xl.4>m � xl>m

k

iru wkh uljkw gl�huhqfh phwkrg +pwg @ .4,1 Wkh ghulydwlyhv iru l @ 4 dqg l @ Q duh dozd|v frpsxwhg
zlwk wkh iroorzlqj irupxodv

Gx
4>m @

x5>m � x4>m

k

dqg

Gx
Q>m @

xQ>m � xQ�4>m

k

Uhpdun 44 Wklv surfhgxuh lv xvhixo wr frpsxwh qxphulfdoo| wkh juhhn frh!flhqwv iru Vwrfkdvwlf Yrodwlolw|
rswlrqv1

IlqgLqgh{ uhwxuqv wkh lqglfhv ri wkh hohphqwv ri d yhfwru { htxdo wr wkh hohphqwv ri d yhfwru y1 Wr
xqghuvwdqg krz wkh surfhgxuh zrunv/ ohw*v wu| dq h{dpsoh=



43 SDUWLDO GLIIHUHQWLDO HTXDWLRQV LQ 5 VSDFH GLPHQVLRQV

qhz>

oleudu| sgh5G>

{plq @ 06>

{pd{ @ 6>

Q{ @ 434>

k{ @ +{pd{0{plq,2+Q{04,>

{ @ vhtd+{plq/k{/Q{,>

IlqgLqgh{+{/3�6,>

841333333

434133333

lqgh{fdw+{/3,>

1

lqgh{fdw+{/6,>

434133333

Wkh lqgh{fdw surfhgxuh grhv qrw �qg wkh lqgh{ ri dq hohphqw ri { htxdo wr 3 gxh wr qxphulfdo wuxqfdwlrq1
Lq wklv fdvh/ |rx pd| xvh wkh IlqgLqgh{ surfhgxuh1
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61 FRPPDQG UHIHUHQFH

Wkh iroorzlqj joredo yduldeohv dqg surfhgxuhv duh gh�qhg lq SGH5G1 Wkh| duh wkh uhvhuyhg zrugv ri
SGH5G1

EdqgWlphvYhfwru/ bFhqwhubIloolqjPhwkrg/ Ghulyh/ GldjSoxvEdqg/ H{wudfwVroxwlrq/ IlqgLqgh{/
Krsvfrwfk/ bKrsvfrwfk/ bbKrsvfrwfk/ bKrsvfrwfkbFrqyhujhqfh/ bKrsvfrwfkbPhvkUdwlrv/
bKrsvfrwfkbPhwkrgv/ bKrsvfrwfkbSulqwLwhuv/ bKrsvfrwfkbUhwFrgh/ bKrsvfrwfkbVdyhOdvwLwhu/
bKrsvfrwfkbWkhwd/ lvHyhq/ lvRgg/ bOhiwUljkwbIloolqjPhwkrg/ bOlqhbWkhwdPhwkrg/ bRgg0
HyhqbWkhwdPhwkrg/ SGH5G/ bsgh5gbdSurf/ bsgh5gbeSurf/ bsgh5gbExlog/ bsgh5gbfSurf/
bsgh5gbGhulyFrqg/bsgh5gbgSurf/ bsgh5gbG{pd{Erxqg/ bsgh5gbG{plqErxqg/ bsgh5gbG|pd{0
Erxqg/ bsgh5gbG|plqErxqg/ bsgh5gbhSurf/ bsgh5gbiSurf/ bsgh5gbjSurf/ bsgh5gbkSurf/
bsgh5gbQhxpdqq/ SGH5Gvhw/ bsgh5gbwplqErxqg/ bsgh5gbyhu/ bsgh5gb{pd{Erxqg/
bsgh5gb{plqErxqg/ bsgh5gb|pd{Erxqg/ bsgh5gb|plqErxqg/ VsduvhEdqgPdwul{/ bWkhwdbWkhwd0
Phwkrg/ bXvwduSurf

Wkh ghidxow joredo frqwuro yduldeohv duh

bKrsvfrwfkbHoolswlf 3
bKrsvfrwfkbPhwkrgv ~4/5�

bKrsvfrwfkbSulqwLwhuv 3
bKrsvfrwfkbVdyhOdvwLwhu 3

bSGH5GbExlog 3
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Ghulyh

Sxusrvh
Frpsxwhv wkh ghulydwlyh ri wkh gdwd zlwk uhvshfw wr wkh phvk vsdflqj k1

Irupdw
Gx @ Ghulyh+x/k/pwg,>

Lqsxw
x Q �P pdwul{
k vfdodu/ phvk vsdflqj k

pwg vfdodu
04 iru wkh ohiw gl�huhqfh phwkrg
3 iru wkh fhqwhu gl�huhqfh phwkrg
4 iru wkh uljkw gl�huhqfh phwkrg

Rxwsxw
Gx Q �P pdwul{/ ghulydwlyh pdwul{ Gx

Vrxufh
sgh5g1vuf
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H{wudfwVroxwlrq

Sxusrvh
H{wudfwv vroxwlrq xpl>m ri wkh SGH sureohp iru d vshfl�f ydoxh ri w/ { ru |1

Irupdw
X @ H{wudfwVroxwlrq+QdphIloh/fq,>

Lqsxw
QdphIloh vwulqj/ qdph ri wkh vroxwlrq gdwdvhw �oh
fq vfdodu ru yhfwru 5� 4

Rxwsxw
X Qw � 4 yhfwru/ wkh wp ydoxhv li fq lv wkh vwulqj %w%

Q{ � 4 yhfwru/ wkh {l ydoxhv li fq lv wkh vwulqj %{%

4�Q| yhfwru/ wkh |m ydoxhv li fq lv wkh vwulqj %|%

� ru �

Q{ �Q| pdwul{/ wkh x +wp> {> |, ydoxhv li fq lv htxdo %w%�wp
Qw �Q| pdwul{/ wkh x +w> {l> |, ydoxhv li fq lv htxdo wr %{%�{l

Q{ �Qw pdwul{/ wkh x +w> {> |m, ydoxhv li fq lv htxdo wr %|%�|m

Vrxufh
sgh5g1vuf
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IlqgLqgh{

Sxusrvh
Uhwxuqv wkh lqglfhv ri wkh hohphqwv ri d yhfwru { htxdo wr wkh hohphqwv ri d yhfwru y1

Irupdw
| @ IlqgLqgh{+{/y,>

Lqsxw
{ Q � 4 yhfwru
y O� 4 yhfwru

Rxwsxw
| O� 4 yhfwru/ |^l` frqwdlqv wkh lqglfh ri wkh �uvw hohphqw ri { zklfk lv htxdo

wr y^l`

Joredov
bifpswro vfdodu +ghidxow @ 4h048,

wkh surfhgxuh IlqgLqgh{ xvhv bifpswro wr ix}} wkh frpsdulvrq rshudwlrqv wr
doorz iru urxqg r� huuru

Uhpdunv
Wkh surfhgxuh IlqgLqgh{ lv vlplodu wr wkh Jdxvv lqgh{fdw frppdqg1 Wkh pdlq gl�huhqfh lv wkdw
IlqgLqgh{ uhwxuqv rqo| rqh lqgh{ +ru d plvvlqj ydoxh, iru hdfk ydoxh yl1 Qrwh wkdw wkh joredo
yduldeoh bifpswro lv xvhg wr fkhfn wkh {|l @ yl htxdolw| uhodwlrq1

Vrxufh
sgh5g1vuf
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Krsvfrwfk

Sxusrvh
Vroyhv wkh SGH sureohp zlwk Krsvfrwfk phwkrgv1

Irupdw
fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/QdphIloh,>

Lqsxw
wplq vfdodu/ ydoxh ri wplq 1
wpd{ vfdodu/ ydoxh ri wpd{ 1
Qw vfdodu/ qxpehu ri glvfuhwl}dwlrq srlqwv lq wlph1
{plq vfdodu/ ydoxh ri {plq 1
{pd{ vfdodu/ ydoxh ri {pd{ 1
Q{ vfdodu/ qxpehu ri glvfuhwl}dwlrq srlqwv lq { gluhfwlrq1
|plq vfdodu/ ydoxh ri |plq 1
|pd{ vfdodu/ ydoxh ri |pd{ 1
Q| vfdodu/ qxpehu ri glvfuhwl}dwlrq srlqwv lq | gluhfwlrq1
QdphIloh vwulqj/ qdph ri wkh vroxwlrq gdwdvhw �oh1

Rxwsxw

Joredov
bKrsvfrwfkbHoolswlf vfdodu +ghidxow @ 3,

3 li wkh SGH sureohp lv qrw dq hoolswlf sureohp
4 li wkh SGH sureohp lv dq hoolswlf sureohp

bKrsvfrwfkbPhvkUdwlrv
yhfwru/ fuhdwhg xvlqj YSXW1 Frqwdlqv phvk udwlrv u +{>{,/ u +{> |,/ u +|> |,
dqg phvk vsdflqj n/ k{ dqg k|1 Wkh| pd| eh h{wudfwhg zlwk wkh YUHDG

frppdqg xvlqj wkh iroorzlqj vwulqjv=

%u+{/{,% � Phvk udwlr u +{> {, @ n2 +k{k{,
%u+{/|,% � Phvk udwlr u +{> |, @ n2 +k{k|,
%u+|/|,% � Phvk udwlr u +|> |, @ n2 +k|k|,

%n% � Phvk vsdflqj lq wlph
%k{% � Phvk vsdflqj lq vsdfh {
%k|% � Phvk vsdflqj lq vsdfh |

bKrsvfrwfkbPhwkrgv 5� 4 yhfwru +ghidxow @ ~4/5�,

bKrsvfrwfkbPhwkrgv^4` � wkh �oolqj Krsvfrwfk phwkrg
4 iru wkh ohiw0uljwk phwkrg/
5 iru wkh fhqwhu phwkrg
ru d srlqwhu wr d surfhgxuh wkdw frpsxwhv d xvhu0gh�qhg �oolqj phwkrg

bKrsvfrwfkbPhwkrgv^5` � wkh wkhwd Krsvfrwfk phwkrg
304 iru d �0phwkrg +h{solflw @ 3/ Fudqn0Qlfkrovrq @ 318 dqg lpsolflw @ 4,/
5 iru wkh rughuhg rgg0hyhq phwkrg/
6 iru wkh olqh phwkrg
ru d srlqwhu wr d surfhgxuh wkdw frpsxwhv d xvhu0gh�qhg wkhwd phwkrg
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bKrsvfrwfkbSulqwLwhuv vfdodu +ghidxow @ 3,
3 � grhv qrw sulqw lwhudwlrqv
L � sulqwlqj diwhu hdfk L lwhudwlrqv

bKrsvfrwfkbUhwfrgh Qw�4 yhfwru/ vsduvh vroyhu uhwxuq frghv yhfwru +vhh VsduvhVroyh iru pruh
ghwdlov,

bKrsvfrwfkbVdyhOdvwLwhu vfdodu +ghidxow @ 3,
3 iru vdylqj wkh vroxwlrq iru doo wkh lwhudwlrqv p
4 iru vdylqj rqo| wkh odvw vroxwlrq iru wp @ w.

bbrxwsxw vfdodu +ghidxow @ 3,
4 � sulqw lqirupdwlrqv derxw wkh dojrulwkp dqg wkh phvk udwlrv
3 � qr sulqwlqj

Uhpdunv
Wr h{wudfw wkh vroxwlrq/ |rx pd| xvh wkh H{wudfwVroxwlrq surfhgxuh1

Vrxufh
sgh5g1vuf
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SGH5G

Sxusrvh
Lqlwldol}hv wkh SGH sureohp1

Irupdw
fdoo SGH5G+dSurf/eSurf/fSurf/gSurf/hSurf/iSurf/jSurf/kSurf/

wplqErxqg/{plqErxqg/{pd{Erxqg/|plqErxqg/|pd{Erxqg/
G{plqErxqg/G{pd{Erxqg/G|plqErxqg/G|pd{Erxqg,>

Lqsxw
dSurf vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv d +w> {> |,
eSurf vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv e +w> {> |,
fSurf vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv f +w> {> |,
gSurf vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv g +w> {> |,
hSurf vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv h +w> {> |,
iSurf vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv i +w> {> |,
jSurf vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv j +w> {> |,
kSurf vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv k +w> {> |,

� ru �
vfdodu 3

wplqErxqg vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv x+w�, +{> |,
{plqErxqg vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv x+{�, +w> |,
{pd{Erxqg vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv x+{., +w> |,
|plqErxqg vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv x+|�, +w> {,
|pd{Erxqg vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv x+|., +w> {,
G{plqErxqg vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv x3+{�, +w> |,

G{pd{Erxqg vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv x3+{., +w> |,

G|plqErxqg vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv x3+|�, +w> {,

G|pd{Erxqg vfdodu/ srlqwhu wr d surfhgxuh zklfk frpsxwhv x3+|., +w> {,

Rxwsxw

Joredov
bbrxwsxw vfdodu

4 � sulqw lqirupdwlrq derxw wkh SGH sureohp
3 � qr sulqwlqj

Vrxufh
sgh5g1vuf
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SGH5Gvhw

Sxusrvh
Uhvhwv wkh joredo frqwuro yduldeohv ghfoduhg lq SGH5G1GHF1

Irupdw
SGH5Gvhw>

Uhpdunv
Wkh ghidxow joredo frqwuro yduldeohv duh

bKrsvfrwfkbHoolswlf 3
bKrsvfrwfkbPhwkrgv ~4/5�

bKrsvfrwfkbSulqwLwhuv 3
bKrsvfrwfkbVdyhOdvwLwhu 3

bSGH5GbExlog 3

Vrxufh
sgh5g1vuf
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714 Wkh SGH5G surfhgxuh

Zh frqvlghu wkh olqhdu sduderolf SGH sureohp gh�qhg e|

d +w> {> |, @
4

5
{5 . |5

e +w> {> |, @ �
4

5

�
{5 . |5

�

f +w> {> |, @ {5 .
4

5
|5

g +w> {> |, @ {

h +w> {> |, @ �|

i +w> {> |, @ 4

j +w> {> |, @ 5{|5h�w

7 lv vhw wr ^3>4`� ^3>4` dqg zh kdyh

x +w>3> |, @ 3
Z

x{ +w> 3> |, @ |5h�w .4

x +w> 4> |, @
�
| . |5

�
h�w . 4

Z
x{ +w> 4> |, @

�
5| . |5

�
h�w .4

x +w> {> 3, @ {
Z

x| +w> {> 3, @ {5h�w

x +w> {>4, @
�
{. {5

�
h�w . {

Z
x{ +w> 4> |, @

�
5{. {5

�
h�w

Wkh vroxwlrq ri wkh Fdxfk| sureohp zlwk x +3> {> |, @ {5| . {|5 . { lv

x +w> {> |, @
�
{5| . {|5

�
h�w . {

Uhpdun 45 Wkh surfhgxuhv -Surf uhwxuq d Q{ �Q| pdwul{1 Vr/ |rx pxvw xvh wkh hohphqw0e|0hohphqw
rshudwruv1

2-

-- wxwru1lqf

-2

surf dSurf+w/{/|,>

uhws+ 318-{a5 . |a5 ,>

hqgs>

surf eSurf+w/{/|,>

uhws+ 0318-+{a5 . |a5, ,>

hqgs>

surf fSurf+w/{/|,>

uhws+ {a5 . 318-|a5 ,>

hqgs>

surf gSurf+w/{/|,>

uhws+ rqhv+urzv+{,/frov+|,,1-{ ,>

hqgs>

surf hSurf+w/{/|,>

uhws+ 0rqhv+urzv+{,/frov+|,,1-| ,>

hqgs>

surf iSurf+w/{/|,>

uhws+ rqhv+urzv+{,/frov+|,, ,>
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hqgs>

surf jSurf+w/{/|,>

uhws+ 5-{1-+|a5,1-h{s+0w, ,>

hqgs>

surf wplqErxqg+w/{/|,>

uhws+ +{a5,1-| . {1-+|a5, . { ,>

hqgs>

surf {plqErxqg+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf {pd{Erxqg+w/{/|,>

orfdo Q{/Q|>

Q{ @ urzv+{,> Q| @ frov+|,>

uhws+ rqhv+Q{/Q|,1-+ +|.|a5,-h{s+0w, . 4 , ,>

hqgs>

surf |plqErxqg+w/{/|,>

orfdo Q{/Q|>

Q{ @ urzv+{,> Q| @ frov+|,>

uhws+ }hurv+Q{/Q|, . { ,>

hqgs>

surf |pd{Erxqg+w/{/|,>

orfdo Q{/Q|>

Q{ @ urzv+{,> Q| @ frov+|,>

uhws+ rqhv+Q{/Q|,1-+ +{.{a5,-h{s+0w, . {, ,>

hqgs>

surf G{plqErxqg+w/{/|,>

orfdo Q{/Q|>

Q{ @ urzv+{,> Q| @ frov+|,>

uhws+ rqhv+Q{/Q|,1-+ +|a5,-h{s+0w, . 4 , ,>

hqgs>

surf G{pd{Erxqg+w/{/|,>

orfdo Q{/Q|>

Q{ @ urzv+{,> Q| @ frov+|,>

uhws+ rqhv+Q{/Q|,1-+ +5-| . |a5,-h{s+0w, . 4 , ,>

hqgs>

surf G|plqErxqg+w/{/|,>

orfdo Q{/Q|>

Q{ @ urzv+{,> Q| @ frov+|,>

uhws+ rqhv+Q{/Q|,1-+{a5,-h{s+0w, ,>

hqgs>

surf G|pd{Erxqg+w/{/|,>

orfdo Q{/Q|>

Q{ @ urzv+{,> Q| @ frov+|,>

uhws+ rqhv+Q{/Q|,1-+5-{ . {a5,-h{s+0w, ,>

hqgs>

71414 Glulfkohw frqglwlrqv

Glulfkohw frqglwlrqv duh lpsrvhg lq wkh iroorzlqj zd|=

2-

-- wxwru41suj

-2

qhz>



WKH SGH5G SURFHGXUH 54

oleudu| SGH5G>

SGH5Gvhw>

&lqfoxgh wxwru1lqf>

rxwsxw iloh @ wxwru41rxw uhvhw>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)wplqErxqg/){plqErxqg/){pd{Erxqg/)|plqErxqg/)|pd{Erxqg/

3/3/3/3,>

rxwsxw rii>

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

Erxqg Glulfkohw Qhxpdqq

{plq ---------

{pd{ ---------

|plq ---------

|pd{ ---------

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

71415 Qhxpdqq frqglwlrqv

Qhxpdqq frqglwlrqv duh lpsrvhg lq wkh iroorzlqj zd|=

2-

-- wxwru51suj

-2

qhz>

oleudu| SGH5G>

SGH5Gvhw>

&lqfoxgh wxwru1lqf>

rxwsxw iloh @ wxwru51rxw uhvhw>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)wplqErxqg/3/3/3/3/

)G{plqErxqg/)G{pd{Erxqg/)G|plqErxqg/)G|pd{Erxqg,>

rxwsxw rii>

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

Erxqg Glulfkohw Qhxpdqq

{plq ---------

{pd{ ---------

|plq ---------

|pd{ ---------

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

71416 Pl{lqj Glulfkohw dqg Qhxpdqq frqglwlrqv

Glulfkohw dqg Qhxpdqq erxqgdu| frqglwlrqv pd| eh pl{hg=
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2-

-- wxwru61suj

-2

qhz>

oleudu| SGH5G>

SGH5Gvhw>

&lqfoxgh wxwru1lqf>

rxwsxw iloh @ wxwru61rxw uhvhw>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)wplqErxqg/){plqErxqg/3/3/3/

3/)G{pd{Erxqg/)G|plqErxqg/)G|pd{Erxqg,>

rxwsxw rii>

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

Erxqg Glulfkohw Qhxpdqq

{plq ---------

{pd{ ---------

|plq ---------

|pd{ ---------

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

Uhpdun 46 Uhplqg wkdw wkh Glulfkohw dqg Qhxpdqq frqglwlrqv pxvw eh frpsdwleoh1

2-

-- wxwru71suj

-2

qhz>

oleudu| SGH5G>

SGH5Gvhw>

&lqfoxgh wxwru1lqf>

rxwsxw iloh @ wxwru71rxw uhvhw>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)wplqErxqg/){plqErxqg/3/3/)|pd{Erxqg/

3/)G{pd{Erxqg/)G|plqErxqg/)G|pd{Erxqg,>

rxwsxw rii>

huuru= wrr pdq| Glulfkohw dqg Qhxpdqq Frqglwlrqv

Fxuuhqwo| dfwlyh fdoo= SGH5G ^463`

715 Wkh Krsvfrwfk surfhgxuh

Zh vroyh wkh SGH sureohp zlwk wkh Krsvfrwfk surfhgxuh1 Lq wkh iroorzlqj surjudp/ zh vhw w. @ 4/
Qw @ 44/ Q{ @ 7 dqg Q| @ 81 Wkh vroxwlrq ydoxhv duh vwruhg lq wkh gdwdvhw wxwru81

2-

-- wxwru81suj

-2

qhz>
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oleudu| SGH5G>

SGH5Gvhw>

&lqfoxgh wxwru1lqf>

rxwsxw iloh @ wxwru81rxw uhvhw>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)wplqErxqg/){plqErxqg/){pd{Erxqg/)|plqErxqg/)|pd{Erxqg/

3/3/3/3,>

{plq @ 3> {pd{ @ 4> Q{ @ 7>

|plq @ 3> |pd{ @ 4> Q| @ 8>

wplq @ 3> wpd{ @ 4> Qw @ 44>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**wxwru8**,>

vro @ ordgg+**wxwru8**,>

fdoo sulqwip+vro/4/**-1-oi** �8 �5,>

rxwsxw rii>

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

Erxqg Glulfkohw Qhxpdqq

{plq ---------

{pd{ ---------

|plq ---------

|pd{ ---------

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

Iloolqj Krsvfrwfk phwkrg= ohiw0uljkw

Wkhwd Krsvfrwfk phwkrg= rughuhg rgg0hyhq

Phvk vsdflqj lq wlph = n @ 3143333333

Phvk vsdflqj lq vsdfh { = k{ @ 3166666666

Phvk vsdflqj lq vsdfh | = k| @ 3158333333

Phvk udwlr u+{/{,= 31<33333

u+{/|,= 41533333

u+|/|,= 41933333

Krsvfrwfk frpsohwhg

3133 3166 319: 4133 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

3133 3158 3183 31:8 4133 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

3133 3133 3166 319: 4133 3133 316; 31;5 4164 3133 317: 4139 41:8 3133 3193 416; 5164 3133 31:; 41:; 6133

3143 3133 3166 319: 4133 3133 316; 31;3 415; 3133 3179 4135 419; 3133 318; 4163 514< 3133 31:7 419: 51;4

3153 3133 3166 319: 4133 3133 316: 31:< 4159 3133 3178 31<; 4194 3133 3188 4158 513: 3133 31:3 418; 5197

3163 3133 3166 319: 4133 3133 316: 31:; 4156 3133 3176 31<8 4189 3133 3186 414< 41<: 3133 3199 417< 517;

3173 3133 3166 319: 4133 3133 316: 31:: 4154 3133 3176 31<5 4183 3133 3184 4147 41;; 3133 3196 4174 5167

3183 3133 3166 319: 4133 3133 3169 31:9 414< 3133 3175 31<3 4178 3133 3183 413< 41;3 3133 3193 4167 5154

3193 3133 3166 319: 4133 3133 3169 31:8 414: 3133 3174 31;; 4174 3133 317; 4138 41:5 3133 318; 415; 5143

31:3 3133 3166 319: 4133 3133 3169 31:7 4149 3133 3173 31;9 416: 3133 317: 4135 4198 3133 3188 4155 41<<

31;3 3133 3166 319: 4133 3133 3168 31:6 4147 3133 3173 31;7 4167 3133 3178 31<; 418< 3133 3186 414: 41<3

31<3 3133 3166 319: 4133 3133 3168 31:6 4146 3133 316< 31;5 4163 3133 3177 31<8 4186 3133 3184 4145 41;4

4133 3133 3166 319: 4133 3133 3168 31:5 4144 3133 316; 31;4 415; 3133 3176 31<6 417; 3133 3183 413; 41:7

71514 Wkh bKrsvfrwfkbPhvkUdwlrv gdwd ex�hu

2-

-- wxwru91suj

-2
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qhz>

oleudu| SGH5G>

SGH5Gvhw>

&lqfoxgh wxwru1lqf>

bbrxwsxw @ 3>

rxwsxw iloh @ wxwru91rxw uhvhw>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)wplqErxqg/){plqErxqg/){pd{Erxqg/)|plqErxqg/)|pd{Erxqg/

3/3/3/3,>

{plq @ 3> {pd{ @ 4> Q{ @ 54>

|plq @ 3> |pd{ @ 4> Q| @ 44>

wplq @ 3> wpd{ @ 4> Qw @ 434>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**wxwru9**,>

n @ yuhdg+bKrsvfrwfkbPhvkUdwlrv/**n**,>

k{ @ yuhdg+bKrsvfrwfkbPhvkUdwlrv/**k{**,>

k| @ yuhdg+bKrsvfrwfkbPhvkUdwlrv/**k|**,>

u{{ @ yuhdg+bKrsvfrwfkbPhvkUdwlrv/**u+{/{,**,>

u{| @ yuhdg+bKrsvfrwfkbPhvkUdwlrv/**u+{/|,**,>

u|| @ yuhdg+bKrsvfrwfkbPhvkUdwlrv/**u+|/|,**,>

sulqw iwrv+n /**n @ (oi**/9/6,>

sulqw iwrv+k{/**k{ @ (oi**/9/6,>

sulqw iwrv+k|/**k| @ (oi**/9/6,>

sulqw>

sulqw iwrv+u{{/**u+{/{,= (oi**/9/6,>

sulqw iwrv+u{|/**u+{/|,= (oi**/9/6,>

sulqw iwrv+u||/**u+|/|,= (oi**/9/6,>

rxwsxw rii>

n @ 31343

k{ @ 31383

k| @ 31433

u+{/{,= 71333

u+{/|,= 51333

u+|/|,= 41333

71515 Wkh bKrsvfrwfkbPhwkrgv yduldeoh

Li |rx suhihu wr xvh wkh fhqwhu �oolqj phwkrg dqg wkh olqh Krsvfrwfk vfkhph/ |rx pd| prgli| wkh surjudp
dv iroorzlqj

bKrsvfrwfkbPhwkrgv @ ~5/6�>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**wxwru8**,>

Wr lpsrvh d Fudqn0Qlfkrovrq �oolqj phwkrg/ |rx vshfli|

bKrsvfrwfkbPhwkrgv^5` @ 318>

\rx fdq dovr gh�qh |rxu rzq �oolqj phwkrg ru �0phwkrg1

� Wkh jhqhudo irup ri wkh xvhu0gh�qhg �oolqj surfhgxuh lv
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surf +<, @ surfIloolqjPhwkrg+dblm/eblm/fblm/gblm/hblm/k{/k|/Q{/Q|,>

orfdo ghowdPlqxvPlqxv/ghowd]hurPlqxv/ghowdSoxvPlqxv>

orfdo ghowdPlqxv]hur/ghowd]hur]hur/ghowdSoxv]hur>

orfdo ghowdPlqxvSoxv/ghowd]hurSoxv/ghowdSoxvSoxv>

ghowdPlqxvPlqxv @

ghowd]hurPlqxv @

ghowdSoxvPlqxv @

ghowdPlqxv]hur @

ghowd]hur]hur @

ghowdSoxv]hur @

ghowdPlqxvSoxv @

ghowd]hurSoxv @

ghowdSoxvSoxv @

uhws+ghowdPlqxvPlqxv/ghowd]hurPlqxv/ghowdSoxvPlqxv/

ghowdPlqxv]hur/ghowd]hur]hur/ghowdSoxv]hur/

ghowdPlqxvSoxv/ghowd]hurSoxv/ghowdSoxvSoxv,>

hqgs>

Uhpdun 47 Wkh glphqvlrqv ri wkh lqsxw dqg rxwsxw pdwulfhv duh Q{ � Q|1 \rx pxvw dovr xvh wkh
hohphqw0e|0hohphqw rshudwruv wr gh�qh wkh rxwsxw pdwulfhv1

Iru h{dpsoh/ wkh ohiw0uljkw phwkrg lv lpsohphqwhg zlwk wkh iroorzlqj surfhgxuh4

surf +<, @ bOhiwUljkwbIloolqjPhwkrg+dblm/eblm/fblm/gblm/hblm/k{/k|/Q{/Q|,>

orfdo ghowdPlqxvPlqxv/ghowd]hurPlqxv/ghowdSoxvPlqxv>

orfdo ghowdPlqxv]hur/ghowd]hur]hur/ghowdSoxv]hur>

orfdo ghowdPlqxvSoxv/ghowd]hurSoxv/ghowdSoxvSoxv>

dblm @ dblm 2 +k{a5,>

eblm @ eblm 2 +k{-k|,>

fblm @ fblm 2 +k|a5,>

gblm @ gblm 2 +5-k{,>

hblm @ hblm 2 +5-k|,>

ghowdPlqxvPlqxv @ }hurv+Q{/Q|,>

ghowd]hurPlqxv @ eblm . fblm 0 hblm>

ghowdSoxvPlqxv @ 0 eblm>

ghowdPlqxv]hur @ dblm . eblm 0 gblm>

ghowd]hur]hur @ 05 - +dblm . eblm . fblm,>

ghowdSoxv]hur @ dblm . eblm . gblm>

ghowdPlqxvSoxv @ 0 eblm>

ghowd]hurSoxv @ eblm . fblm . hblm>

ghowdSoxvSoxv @ }hurv+Q{/Q|,>

uhws+ghowdPlqxvPlqxv/ghowd]hurPlqxv/ghowdSoxvPlqxv/

ghowdPlqxv]hur/ghowd]hur]hur/ghowdSoxv]hur/

ghowdPlqxvSoxv/ghowd]hurSoxv/ghowdSoxvSoxv,>

hqgs>

bKrsvfrwfkbPhwkrgv^4` @ 4 lv dovr htxlydohqw wr

bKrsvfrwfkbPhwkrgv^4` @ )bOhiwUljkwbIloolqjPhwkrg

4Zh kdyh

B
6
�c�c3�c3� ' f

Wkh fruuhvsrqglqj pdwul{ lv wkhq d �% f �+ 1pdwul{ ri }hurv1
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� Wkh jhqhudo irup ri wkh xvhu0gh�qhg �0phwkrg surfhgxuh lv

surf +5, @ surfWkhwdPhwkrg+l/m/p,>

orfdo wkhwdbp/wkhwdbpp>

wkhwdbp @

wkhwdbpp @

uhws+wkhwdbp/wkhwdbpp,>

hqgs>

Uhpdun 48 wkhwdbp dqg wkhwdbpp fruuhvsrqg wr wkh Q{ �Q| �p dqg �p.4 pdwulfhv1 l dqg m duh
uhvshfwlyho| d Q{ � 4 froxpq yhfwru dqg d 4�Q| urz yhfwru1

Iru h{dpsoh/ wkh rgg0hyhq Krsvfrwfk phwkrg lv lpsohphqwhg e| wkh iroorzlqj surfhgxuh=

surf +5, @ bRggHyhqbWkhwdPhwkrg+l/m/p,>

orfdo wkhwdbp/wkhwdbpp>

wkhwdbp @ lvRgg+p.l.m,>

wkhwdbpp @ lvRgg+p.l.m.4,>

uhws+wkhwdbp/wkhwdbpp,>

hqgs>

71516 Wkh bKrsvfrwfkbSulqwLwhuv yduldeoh

Li bKrsvfrwfkbSulqwLwhuv lv gl�huhqw wr }hur/ Krsvfrwfk glvsod|v wkh qxpehu ri lwhudwlrqv shuiruphg1

71517 Wkh bKrsvfrwfkbUhwfrgh yhfwru

Li Krsvfrwfk hqfrxqwhuv gl!fxowlhv wr vroyh wkh SGH sureohp +wkdw lv wkh vsduvh v|vwhp �p.4xp.4 @
!p.4,/ lw glvsod|v dq HUURUORJ phvvdjh rq wkh vfuhhq1 Lq wklv fdvh/ |rx pd| lqyhvwljdwh
wkh bKrsvfrwfkbUhwfrgh yhfwru wr ghwhuplqh wkh sureohp1 Iru h{dpsoh/ wkh frqyhujhqfh lv qrw
dfklhyhg lq wkh surjudp ehorz ehfdxvh ri wkh qxpehu ri lwhudwlrqv1 Li zh prgli| wkh ydoxh wdnhq e|
bvsduvhbQxpLwhuv/ Krsvfrwfk frqyhujhv1

2-

-- wxwru:1suj

-2

qhz>

oleudu| SGH5G>

SGH5Gvhw>

&lqfoxgh wxwru1lqf>

bbrxwsxw @ 3>

rxwsxw iloh @ wxwru:1rxw uhvhw>



WKH H[WUDFWVROXWLRQ SURFHGXUH 5:

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)wplqErxqg/){plqErxqg/){pd{Erxqg/)|plqErxqg/)|pd{Erxqg/

3/3/3/3,>

{plq @ 3> {pd{ @ 4> Q{ @ 54>

|plq @ 3> |pd{ @ 4> Q| @ 44>

wplq @ 3> wpd{ @ 8> Qw @ 84>

bKrsvfrwfkbSulqwLwhuv @ 4>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**wxwru:**,>

sulqw bKrsvfrwfkbUhwfrgh^4=8`>

bvsduvhbQxpLwhuv @ 4333>

bKrsvfrwfkbSulqwLwhuv @ 6>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**wxwru:**,>

sulqw bKrsvfrwfkbUhwfrgh^4=8`>

rxwsxw rii>

Ehjlq lwhudwlrqv

4 5 6 7 8 9 : ; < 43 111

44 45 46 47 48 49 4: 4; 4< 53 111

54 55 56 57 58 59 5: 5; 5< 63 111

64 65 66 67 68 69 6: 6; 6< 73 111

74 75 76 77 78 79 7: 7; 7< 83 111

84

Zduqlqj= Wkh vroxwlrq lv qrw h{dfw

3133333333

:13333333

:13333333

:13333333

:13333333

Ehjlq lwhudwlrqv

6 9 < 45 48 4; 54 57 5: 63 111

66 69 6< 75 78 7; 84

3133333333

713333333

713333333

713333333

713333333

71518 Wkh bKrsvfrwfkbVdyhOdvwLwhu yduldeoh

Li |rx duh mxvw lqwhuhvwhg lq wkh vroxwlrq iru w @ w./ |rx pd| xvh wkh bKrsvfrwfkbVdyhOdvwLwhu yduldeoh1

716 Wkh H{wudfwVroxwlrq surfhgxuh

Wr h{wudfw vroxwlrq iurp wkh gdwdvhw/ zh pd| xvh wkh Jdxvv frppdqgv rshq/ vhhnu dqg uhdgu ru wkh
SGH5G surfhgxuh H{wudfwVroxwlrq1 \rx pxvw uhplqg wkdw wkh wlph ydoxhv dqg wkh vsdfh { dqg |

ydoxhv duh uhvshfwlyho| wuhdwhg dv d froxpq yhfwru/ d urz yhfwru dqg d froxpq yhfwru1 Wkh rqo| rqh
h{fhswlrq lv wkh frppdqg X @ H{wudfwVroxwlrq+QdphIloh/**|m|m**,1 Lq wklv fdvh/ wkh wlph ydoxhv duh
vwruhg lq urz irupdw1

2-



5; WXWRULDO

-- wxwru;1suj

-2

qhz>

oleudu| SGH5G>

SGH5Gvhw>

&lqfoxgh wxwru1lqf>

bbrxwsxw @ 3>

rxwsxw iloh @ wxwru;1rxw uhvhw>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)wplqErxqg/){plqErxqg/){pd{Erxqg/)|plqErxqg/)|pd{Erxqg/

3/3/3/3,>

{plq @ 3> {pd{ @ 4> Q{ @ 46>

|plq @ 3> |pd{ @ 4> Q| @ 44>

wplq @ 3> wpd{ @ 318> Qw @ 9>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**wxwru;**,>

{ @ H{wudfwVroxwlrq+**wxwru;**/**{**,>

| @ H{wudfwVroxwlrq+**wxwru;**/**|**,>

w @ H{wudfwVroxwlrq+**wxwru;**/**w**,>

sulqw **00 { 00**>

fdoo sulqwip+{/4/**-1-oi** �: �8,>

sulqw **00 | 00**>

fdoo sulqwip+|/4/**-1-oi** �8 �5,>

sulqw> sulqw **00 w 00**>

fdoo sulqwip+w/4/**-1-oi** �8 �5,>

rxwsxw rii>

00 { 00

3133333

313;666

314999:

3158333

3166666

317499:

3183333

318;666

319999:

31:8333

31;6666

31<499:

4133333

00 | 00

3133 3143 3153 3163 3173 3183 3193 31:3 31;3 31<3 4133

00 w 00

3133

3143

3153

3163

3173

3183

Ehfdxvh wkh gdwdvhw lv vwruhg lq wkh kdug gulyh/ |rx pd| lqyhvwljdwh wkh vroxwlrq zlwkrxw vroylqj wkh
sureohp dw hdfk wlph1 Lq wkh surjudp ehorz/ zh h{wudfw wkh iroorzlqj vroxwlrq=

� X4 lv d 9� 44 pdwul{1 Lw frqwdlqv wkh ydoxhv x +w> { @ 3=8> |,1 Wkh urzv fruuhvsrqg wr wkh vroxwlrq
iru w htxdo wr 3/ 3=4/ 3=5/ 3=6/ 3=7 dqg 3=81 Wkh froxpqv fruuhvsrqg wr wkh vroxwlrq iru | htxdo wr 3/
3=4/ 3=5/ 3=6/ 3=7/ 3=8/ 3=9/ 3=:/ 3=;/ 3=</ 4 >



WKH H[WUDFWVROXWLRQ SURFHGXUH 5<

� X5 lv d 46 � 9 pdwul{1 Lw frqwdlqv wkh ydoxhv x +w> {> | @ 3=;,1 Wkh urzv fruuhvsrqg wr wkh vroxwlrq
iru { htxdo wr 3/ 4

45 /
4
9 /

4
7 /

4
6 /

8
45 / 3=8/

:
45 /

5
6 /

6
7 /

8
9 /

44
45 dqg 41 Wkh froxpqv fruuhvsrqg wr wkh vroxwlrq

iru w htxdo wr 3/ 3=4/ 3=5/ 3=6/ 3=7 dqg 3=8 >

� X6 lv d 46� 44 pdwul{1 Lw frqwdlqv wkh ydoxhv x +w @ 3=8> {> |,1 Wkh urzv fruuhvsrqg wr wkh vroxwlrq
iru { htxdo wr 3/ 4

45 /
4
9 /

4
7 /

4
6 /

8
45 / 3=8/

:
45 /

5
6 /

6
7 /

8
9 /

44
45 dqg 41 Wkh froxpqv fruuhvsrqg wr wkh vroxwlrq

iru | htxdo wr 3/ 3=4/ 3=5/ 3=6/ 3=7/ 3=8/ 3=9/ 3=:/ 3=;/ 3=</ 41

2-

-- wxwru<1suj

-2

qhz>

oleudu| SGH5G>

SGH5Gvhw>

rxwsxw iloh @ wxwru<1rxw uhvhw>

X4 @ H{wudfwVroxwlrq+**wxwru;**/**{**�318,>

X5 @ H{wudfwVroxwlrq+**wxwru;**/**|**�31;,>

X6 @ H{wudfwVroxwlrq+**wxwru;**/**w**�318,>

fdoo sulqwip+X4/4/**-1-oi** �: �6,>

sulqw **@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@**>

fdoo sulqwip+X5/4/**-1-oi** �: �6,>

sulqw **@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@**>

fdoo sulqwip+X6/4/**-1-oi** �: �6,>

rxwsxw rii>

31833 31863 318:3 31953 319;3 31:83 31;63 31<53 41353 41463 41583

31833 3185: 31896 3193; 31995 31:58 31:<: 31;:; 31<9; 4139; 414:<

31833 31857 3188: 318<9 31978 31:34 31:98 31;6: 31<4; 41339 41447

31833 31855 31883 318;9 3195; 319:; 31:67 31:<; 31;9; 31<87 41389

31833 3184< 31878 318:9 31946 31989 31:39 31:93 31;5: 31<34 41336

31833 3184: 3186< 3189: 318<< 3196: 319:; 31:5< 31:;8 31;97 31<88

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

31333 31333 31333 31333 31333 31333

31475 31469 31464 31458 31453 31448

315<9 315;6 315:3 3158; 3157: 31569

31793 3176< 3174; 316<< 316;3 31698

31969 31938 318:9 3187: 31855 317<:

31;55 31:;5 31:75 31:38 3199< 31973

41353 31<9; 31<4; 31;9; 31;5: 31:;8

4155< 41498 41434 41377 31<;9 31<79

4177< 416:4 415<9 41554 41497 41439

419;3 418;; 417<9 4174: 4166< 415<6

41<55 41;46 41:46 41945 41878 417::

514:9 51386 41<64 41;6< 41:7: 419:8

51773 51636 514:< 5139: 41<98 41;:6

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

31333 31333 31333 31333 31333 31333 31333 31333 31333 31333 31333

313;6 313;7 313;9 313;< 313<6 313<: 31435 3143; 31448 31456 3146;

3149: 3149< 314:7 314;3 314;; 314<; 3153< 31555 31569 31589 315;8

31583 31588 31596 315:7 315;: 31635 31653 31673 31698 316<7 31773

31666 31675 31687 3169< 316;; 31743 31768 31798 317<: 31876 31936

3174: 3175< 31779 3179: 317<5 31854 31888 318<5 31973 319<: 31::8

31833 3184: 3186< 3189: 318<< 3196: 319:; 31:5< 31:;8 31;97 31<88

318;6 31938 31967 3199; 31:3< 31:87 31;43 31;9: 31<79 41366 41477

3199: 319<8 31:63 31::6 31;54 31;;3 31<75 41356 41439 41555 41674

31:83 31:;8 31;5< 31;:< 31<75 4133; 413<5 414:: 415<6 41745 41879

31;66 31;:9 31<5< 31<<7 41398 41485 41576 4168: 417:: 41949 41:93

31<4: 31<:3 41368 41444 41533 415<; 41745 41867 419:8 41;55 41<;5

41333 4139: 41479 4156: 41673 41788 418;5 41:55 41;:6 5136: 51546

Zh pd| xvh wkh IlqgLqgh{ surfhgxuh wr h{wudfw pruh vshfl�f vroxwlrq1

2-
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-- wxwru431suj

-2

qhz>

oleudu| SGH5G>

SGH5Gvhw>

rxwsxw iloh @ wxwru431rxw uhvhw>

{ @ H{wudfwVroxwlrq+**wxwru;**/**{**,>

| @ H{wudfwVroxwlrq+**wxwru;**/**|**,>

lqg{ @ IlqgLqgh{+{/318,>

lqg| @ IlqgLqgh{+|*/318,>

x @ vxepdw+H{wudfwVroxwlrq+**wxwru;**/**w**�318,/lqg{/lqg|,>

vro @ VroxwlrqSurf+318/318/318,>

sulqw iwrv+vro/**x+318/318/318, @ (oi**/7/9,>

sulqw iwrv+x/ **Qxphulfdo vro1 @ (oi**/7/9,>

rxwsxw rii>

surf vroxwlrqSurf+w/{/|,>

uhws+ ++{a5,1-| . {1-+|a5,,1-h{s+0w, . { ,>

hqgs>

x+318/318/318, @ 31984966

Qxphulfdo vro1 @ 31969::8

717 Hoolswlf sureohpv

Zh frqvlghu wkh hoolswlf sureohp ri Jrxuod| dqg PfNhh ^4<::`/ sdjh 537=

d +{> |, @ 4

e +{> |, @ �
4

5
f +{> |, @ 4

g +{> |, @ 3

h +{> |, @ 3

i +{> |, @ 3

j +{> |, @ 3

zlwk wkh erxqgdu| frqglwlrqv

x +3> |, @ 3

x +4> |, @ | . |5

x +{>3, @ 3

x +{>4, @ {. {5

Wkh vroxwlrq ri wklv sureohp lv
x +{> |, @ {5| . {|5

Iru wkh lqlwldo jxhvv vroxwlrq/ zh xvh udqgrp qxpehuv1

2-

-- hoolswlf1lqf
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-2

surf dSurf+w/{/|,>

uhws+ rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf eSurf+w/{/|,>

uhws+ 0318-rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf fSurf+w/{/|,>

uhws+ rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf gSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf hSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf iSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf jSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf {plqErxqg+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf {pd{Erxqg+w/{/|,>

uhws+ rqhv+urzv+{,/4, 1- +| . |a5, ,>

hqgs>

surf |plqErxqg+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf |pd{Erxqg+w/{/|,>

uhws+ rqhv+urzv+{,/4, 1- +{ . {a5, ,>

hqgs>

surf LqlwldoJxhvvVroxwlrq+w/{/|,>

uhws+ uqgq+urzv+{,/frov+|,, ,>

hqgs>

surf vroxwlrqSurf+w/{/|,>

uhws+ +{a5,1-| . {1-+|a5, ,>

hqgs>

Wkh surjudp ehorz vkrzv wkh frqyhujhqfh ri wkh Krsvfrwfk phwkrg wr wkh hoolswlf vroxwlrq1

2-

-- wxwru441suj

-2

qhz>

oleudu| SGH5G/sjudsk>

SGH5Gvhw>

&lqfoxgh hoolswlf1lqf>

uqgvhhg 456>
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fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)LqlwldoJxhvvVroxwlrq/

){plqErxqg/){pd{Erxqg/)|plqErxqg/)|pd{Erxqg/

3/3/3/3,>

{plq @ 3> {pd{ @ 4> Q{ @ 54>

|plq @ 3> |pd{ @ 4> Q| @ 54>

wplq @ 3> wpd{ @ 31758> Qw @ 434>

bKrsvfrwfkbPhwkrgv @ ~5/6�> 2- fhqwhu iloolqj phwkrg

)

olqh Krsvfrwfk phwkrg -2

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**wxwru44**,>

{ @ H{wudfwVroxwlrq+**wxwru44**/**{**,>

| @ H{wudfwVroxwlrq+**wxwru44**/**|**,>

w @ H{wudfwVroxwlrq+**wxwru44**/**w**,>

vro @ vroxwlrqSurf+wpd{/{/|,>

judskvhw>

ehjzlqg>

zlqgrz+7/7/3,>

bsgdwh @ ****> bsqxp @ 3> bsd{hv @ 3> bsiudph @ 3> bsvxui @ ~3/3�>

bswlwokw @ 3178>

l @ 4>

gr xqwlo l A 47>

X @ H{wudfwVroxwlrq+**wxwru44**/**w**�w^5-l`,>

vhwzlqg+l,>

vwu @ iwrv+5-l 0 4/**lwhu qr (oi**/4/3,>

wlwoh+vwu,>

vxuidfh+{*/|*/X*,>

l @ l . 4>

hqgr>

X @ H{wudfwVroxwlrq+**wxwru44**/**w**�w^Qw`,>

vhwzlqg+48,>

vwu @ iwrv+Qw/**lwhu qr (oi**/4/3,>

wlwoh+vwu,>

vxuidfh+{*/|*/X*,>

vhwzlqg+49,>

wlwoh+**H{dfw vroxwlrq**,

vxuidfh+{*/|*/vro*,>

judsksuw+**0f@4 0fi@wxwru441hsv**,>

hqgzlqg>

Wkh qh{w surjudp lv dq looxvwudwlrq ri wkh xvh ri wkh bKrsvfrwfkbHoolswlf yduldeoh1 Lq wklv fdvh/ wkh
frqyhujhqfh lv dfklhyhg diwhu :< lwhudwlrqv1

2-

-- wxwru451suj

-2

qhz>
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Iljxuh 704

oleudu| SGH5G/sjudsk>

SGH5Gvhw>

&lqfoxgh hoolswlf1lqf>

uqgvhhg 456>

rxwsxw iloh @ wxwru451rxw uhvhw>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)LqlwldoJxhvvVroxwlrq/

){plqErxqg/){pd{Erxqg/)|plqErxqg/)|pd{Erxqg/

3/3/3/3,>

{plq @ 3> {pd{ @ 4> Q{ @ 54>

|plq @ 3> |pd{ @ 4> Q| @ 54>

wplq @ 3> wpd{ @ 31758> Qw @ 434>

bKrsvfrwfkbPhwkrgv @ ~4/5�> 2- ohiw0uljkw iloolqj phwkrg

)

rughuhg rgg0hyhq Krsvfrwfk phwkrg -2

bKrsvfrwfkbHoolswlf @ 4>

bKrsvfrwfkbVdyhOdvwLwhu @ 4>

bifpswro @ 4h07>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**wxwru45**,>

{ @ H{wudfwVroxwlrq+**wxwru45**/**{**,>

| @ H{wudfwVroxwlrq+**wxwru45**/**|**,>

w @ H{wudfwVroxwlrq+**wxwru45**/**w**,>

sulqw> sulqw **w yhfwru @ ** w>

X @ H{wudfwVroxwlrq+**wxwru45**/**w**�w,>

vro @ vroxwlrqSurf+w/{/|,>

rxwsxw rii>

judskvhw>

bsgdwh @ ****>

wlwoh+**Uhodwlyh qxphulfdo huuru +(,**,>

{odeho+**{**,>

|odeho+**|**,>

}wlfv+3/418/318/8,>
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judsksuw+**0f@4 0fi@wxwru451hsv**,>

vxuidfh+{*/|*/433-plvvuy++X0vro,*12plvv+vro/3,/3,,>

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

Erxqg Glulfkohw Qhxpdqq

{plq ---------

{pd{ ---------

|plq ---------

|pd{ ---------

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

Iloolqj Krsvfrwfk phwkrg= ohiw0uljkw

Wkhwd Krsvfrwfk phwkrg= rughuhg rgg0hyhq

Phvk vsdflqj lq wlph = n @ 3133758333

Phvk vsdflqj lq vsdfh { = k{ @ 3138333333

Phvk vsdflqj lq vsdfh | = k| @ 3138333333

Phvk udwlr u+{/{,= 41:33333

u+{/|,= 41:33333

u+|/|,= 41:33333

Hoolswlf Sureohp 0 Dojrulwkp vwrsshg dw wkh :<wk lwhudwlrq

Krsvfrwfk frpsohwhg

w yhfwru @ 3166483333

Iljxuh 705

718 Vrph h{dpsohv

71814 4vw h{dpsoh ri Jrxuod| dqg PfNhh ^4<::`

2-

--A h{41suj

--

-- Jrxuod|/ D1U1 dqg V1 PfNhh ^4<::`/ Wkh frqvwuxfwlrq ri krsvfrwfk phwkrgv



VRPH H[DPSOHV 68

-- iru sduderolf dqg hoolswlf htxdwlrqv lq wzr vsdfh glphqvlrqv zlwk d pl{hg

-- ghulydwlyh/ Mrxuqdo ri Frpsxwdwlrqdo dqg Dssolhg Pdwkhpdwlfv/ 6/ 5340538

--

-- sdjh 536/ H{dpsoh 4

--

-- d+w/{/|, @ d @ 314

-- e+w/{/|, @ e @ 3138

-- f+w/{/|, @ f @ 3148

-- g+w/{/|, @ 3

-- h+w/{/|, @ 3

-- i+w/{/|, @ 3

-- j+w/{/|, @ 3

--

-- x+3/{/|, @ vlq+{.|,

-- x+w/3/|, @ h{s+0+d.5e.f,-w,-vlq+|,

-- x+w/4/|, @ h{s+0+d.5e.f,-w,-vlq+4.|,

-- x+w/{/3, @ h{s+0+d.5e.f,-w,-vlq+{,

-- x+w/{/4, @ h{s+0+d.5e.f,-w,-vlq+4.{,

--

-- k+w/{/|/x, @ x

-2

qhz>

oleudu| SGH5G/sjudsk>

SGH5Gvhw>

d @ 314> e @ 3138> f @ 3148>

surf dSurf+w/{/|,>

uhws+ d-rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf eSurf+w/{/|,>

uhws+ e-rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf fSurf+w/{/|,>

uhws+ f-rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf gSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf hSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf iSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf jSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf wplqErxqg+w/{/|,>

uhws+ vlq+{.|, ,>

hqgs>

surf {plqErxqg+w/{/|,>

uhws+ h{s+0+d.5-e.f,-w,-vlq+|, ,>

hqgs>

surf {pd{Erxqg+w/{/|,>

uhws+ h{s+0+d.5-e.f,-w,-vlq+4.|, ,>

hqgs>

surf |plqErxqg+w/{/|,>

uhws+ h{s+0+d.5-e.f,-w,-vlq+{, ,>
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hqgs>

surf |pd{Erxqg+w/{/|,>

uhws+ h{s+0+d.5-e.f,-w,-vlq+4.{, ,>

hqgs>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)wplqErxqg/){plqErxqg/){pd{Erxqg/)|plqErxqg/)|pd{Erxqg/

3/3/3/3,>

{plq @ 3> {pd{ @ 4> Q{ @ 44>

|plq @ 3> |pd{ @ 4> Q| @ 54>

wplq @ 3> wpd{ @ 8> Qw @ 84>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**h{4**,>

{ @ H{wudfwVroxwlrq+**h{4**/**{**,>

| @ H{wudfwVroxwlrq+**h{4**/**|**,>

w @ H{wudfwVroxwlrq+**h{4**/**w**,>

X @ H{wudfwVroxwlrq+**h{4**/**w**�wpd{,>

2- Wkh h{dfw vroxwlrq lv

--

-- x+w/{/|, @ h{s+0+d.5e.f,-w,-vlq+{.|,

--

-2

surf vroxwlrqSurf+w/{/|,>

uhws+ h{s+0+d.5-e.f,-w,-vlq+{.|, ,>

hqgs>

vro @ vroxwlrqSurf+wpd{/{/|,>

judskvhw>

ehjzlqg>

pdnhzlqg+</4/3/91;8804/4,>

pdnhzlqg+<25/81;88/3/3/4,>

pdnhzlqg+<25/81;88/<25/3/4,>

vhwzlqg+4,>

bsgdwh @ ****> bswlwokw @ 4158> bsqxp @ 3> bsd{hv @ 3>

wlwoh+**Jrxuod| dqg PfNhh C^4<::C` 0 H{dpsoh 4 sdjh 536**,>

gudz>

judskvhw>

bsgdwh @ ****> bsqxp @ 5> bswlwokw @ 3158> bsd{kw @ 3158> bsqxpkw @ 3153>

{odeho+**{**,>

|odeho+**|**,>

}odeho+**x+8/{/|,**,>

vhwzlqg+5,>

wlwoh+**Qxphulfdo vroxwlrq**,

vxuidfh+{*/|*/X*,>

vhwzlqg+6,>

wlwoh+**H{dfw vroxwlrq**,

vxuidfh+{*/|*/vro*,>

judsksuw+**0f@4 0fi@h{41hsv**,>

hqgzlqg>
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Iljxuh 706

71815 5qg h{dpsoh ri Jrxuod| dqg PfNhh ^4<::`

2-

--A h{51suj

--

-- Jrxuod|/ D1U1 dqg V1 PfNhh ^4<::`/ Wkh frqvwuxfwlrq ri krsvfrwfk phwkrgv

-- iru sduderolf dqg hoolswlf htxdwlrqv lq wzr vsdfh glphqvlrqv zlwk d pl{hg

-- ghulydwlyh/ Mrxuqdo ri Frpsxwdwlrqdo dqg Dssolhg Pdwkhpdwlfv/ 6/ 5340538

--

-- sdjh 536/ h{dpsoh 5

--

-- d+w/{/|, @ 318-{a5 . |a5

-- e+w/{/|, @ 0318 - +{a5 . |a5,

-- f+w/{/|, @ {a5 . 318-|a5

-- g+w/{/|, @ 3

-- h+w/{/|, @ 3

-- i+w/{/|, @ 3

-- j+w/{/|, @ 3

--

-- x+3/{/|, @ {a5-| . {-|a5

-- x+w/3/|, @ 3

-- x+w/4/|, @ +| . |a5, - h{s+0w,

-- x+w/{/3, @ 3

-- x+w/{/4, @ +{ . {a5, - h{s+0w,

--

-- k+w/{/|/x, @ x

-2

qhz>

oleudu| SGH5G/sjudsk>

SGH5Gvhw>

surf dSurf+w/{/|,>

uhws+318-{a5 . |a5,>

hqgs>

surf eSurf+w/{/|,>

uhws+ 0318 - +{a5 . |a5, ,>

hqgs>

surf fSurf+w/{/|,>

uhws+{a5 . 318-|a5,>

hqgs>



6; WXWRULDO

surf gSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf hSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf iSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf jSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf wplqErxqg+w/{/|,>

uhws+ +{a5,1-| . {1-+|a5, ,>

hqgs>

surf {plqErxqg+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf {pd{Erxqg+w/{/|,>

uhws+ +| . |a5, - h{s+0w, ,>

hqgs>

surf |plqErxqg+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf |pd{Erxqg+w/{/|,>

uhws+ +{ . {a5, - h{s+0w, ,>

hqgs>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)wplqErxqg/){plqErxqg/){pd{Erxqg/)|plqErxqg/)|pd{Erxqg/

3/3/3/3,>

{plq @ 3> {pd{ @ 4> Q{ @ 54>

|plq @ 3> |pd{ @ 4> Q| @ 54>

wplq @ 3> wpd{ @ 3158> Qw @ 84>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**h{5**,>

{ @ H{wudfwVroxwlrq+**h{5**/**{**,>

| @ H{wudfwVroxwlrq+**h{5**/**|**,>

w @ H{wudfwVroxwlrq+**h{5**/**w**,>

X @ H{wudfwVroxwlrq+**h{5**/**w**�wpd{,>

2- Wkh h{dfw vroxwlrq lv

--

-- x+w/{/|, @ +{a5-| . {-|a5, - h{s+0w,

--

-2

surf vroxwlrqSurf+w/{/|,>

uhws+ + +{a5,1-| . {1-+|a5, , - h{s+0w, ,>

hqgs>

vro @ vroxwlrqSurf+wpd{/{/|,>

judskvhw>

ehjzlqg>

pdnhzlqg+</4/3/91;8804/4,>

pdnhzlqg+<25/81;88/3/3/4,>
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pdnhzlqg+<25/81;88/<25/3/4,>

vhwzlqg+4,>

bsgdwh @ ****> bswlwokw @ 4158> bsqxp @ 3> bsd{hv @ 3>

wlwoh+**Jrxuod| dqg PfNhh C^4<::C` 0 H{dpsoh 5 sdjh 536**,>

gudz>

judskvhw>

bsgdwh @ ****> bsqxp @ 5> bswlwokw @ 3158> bsd{kw @ 3153> bsqxpkw @ 3148>

{odeho+**{**,>

|odeho+**|**,>

vhwzlqg+5,>

wlwoh+**Qxphulfdo vroxwlrq**,

vxuidfh+{*/|*/X*,>

vhwzlqg+6,>

wlwoh+**H{dfw vroxwlrq**,

vxuidfh+{*/|*/vro*,>

judsksuw+**0f@4 0fi@h{51hsv**,>

hqgzlqg>

Iljxuh 707

71816 7wk h{dpsoh ri Jrxuod| dqg PfNhh ^4<::`

Uhpdun 49 L kdyh grqh wklv h{dpsoh/ ehfdxvh L wklqn wkdw lw looxvwudwhv wkh gl�huhqfh ehwzhhq wkh rughuhg
rgg0hyhq dqg wkh olqh phwkrgv1

2-

--A h{61suj

--

-- Jrxuod|/ D1U1 dqg V1 PfNhh ^4<::`/ Wkh frqvwuxfwlrq ri krsvfrwfk phwkrgv

-- iru sduderolf dqg hoolswlf htxdwlrqv lq wzr vsdfh glphqvlrqv zlwk d pl{hg

-- ghulydwlyh/ Mrxuqdo ri Frpsxwdwlrqdo dqg Dssolhg Pdwkhpdwlfv/ 6/ 5340538

--

-- sdjh 538/ h{dpsoh 7

--

-- d+w/{/|, @ +{ 0 318,a5

-- e+w/{/|, @ 318 - +{ 0 318, - +| 0 318,
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-- f+w/{/|, @ +| 0 318,a5

-- g+w/{/|, @ 3

-- h+w/{/|, @ 3

-- i+w/{/|, @ 3

-- j+w/{/|, @ 0+8-{-|-+{.|, . +{.|, 0 +9-{-| . {a5 . |a5,,-h{s+0w,

--

-- x+3/{/|, @ {-|-+{.|,

-- x+w/3/|, @ 3

-- x+w/4/|, @ +| . |a5, - h{s+0w,

-- x+w/{/3, @ 3

-- x+w/{/4, @ +{ . {a5, - h{s+0w,

--

-- k+w/{/|/x, @ x

-2

qhz>

oleudu| SGH5G/sjudsk>

SGH5Gvhw>

surf dSurf+w/{/|,>

uhws+ ++{ 0 318,a5, 1- rqhv+4/frov+|,, ,>

hqgs>

surf eSurf+w/{/|,>

uhws+318-+{ 0 318,1-+| 0 318,,>

hqgs>

surf fSurf+w/{/|,>

uhws+ ++| 0 318,a5, 1- rqhv+urzv+{,/4, ,>

hqgs>

surf gSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf hSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf iSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf jSurf+w/{/|,>

uhws+ 0+8-{1-|1-+{.|, . +{.|, 0 +9-{1-| . {a5 . |a5,,1-h{s+0w, ,>

hqgs>

surf wplqErxqg+w/{/|,>

uhws+ +{a5,1-| . {1-+|a5, ,>

hqgs>

surf {plqErxqg+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf {pd{Erxqg+w/{/|,>

uhws+ +| . |a5, 1- h{s+0w, ,>

hqgs>

surf |plqErxqg+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf |pd{Erxqg+w/{/|,>

uhws+ +{ . {a5, 1- h{s+0w, ,>

hqgs>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)wplqErxqg/){plqErxqg/){pd{Erxqg/)|plqErxqg/)|pd{Erxqg/
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3/3/3/3,>

{plq @ 3> {pd{ @ 4> Q{ @ 54>

|plq @ 3> |pd{ @ 4> Q| @ 54>

wplq @ 3> wpd{ @ 3158> Qw @ 434>

bKrsvfrwfkbSulqwLwhuv @ 4>

bKrsvfrwfkbPhwkrgv @ 4�5>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**h{6**,>

{ @ H{wudfwVroxwlrq+**h{6**/**{**,>

| @ H{wudfwVroxwlrq+**h{6**/**|**,>

w @ H{wudfwVroxwlrq+**h{6**/**w**,>

lqg{ @ IlqgLqgh{+{/3158�318�31:8,>

lqg| @ IlqgLqgh{+|*/318,>

X @ H{wudfwVroxwlrq+**h{6**/**|**�|^lqg|`,>

X4 @ X^lqg{/1`>

bKrsvfrwfkbPhwkrgv @ 5�6>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**h{6**,>

{ @ H{wudfwVroxwlrq+**h{6**/**{**,>

| @ H{wudfwVroxwlrq+**h{6**/**|**,>

w @ H{wudfwVroxwlrq+**h{6**/**w**,>

lqg{ @ IlqgLqgh{+{/3158�318�31:8,>

lqg| @ IlqgLqgh{+|*/318,>

X @ H{wudfwVroxwlrq+**h{6**/**|**�|^lqg|`,>

X5 @ X^lqg{/1`>

2- Wkh h{dfw vroxwlrq lv

--

-- x+w/{/|, @ +{a5-| . {-|a5, - h{s+0w,

--

-2

surf vroxwlrqSurf+w/{/|,>

uhws+ + +{a5,1-| . {1-+|a5, , - h{s+0w, ,>

hqgs>

vro @ vroxwlrqSurf+w*/3158�318�31:8/318,>

judskvhw>

ehjzlqg>

zlqgrz+4/5/3,>

bsgdwh @ ****> bsqxp @ 5> bsqxpkw @ 3158> bsd{kw @ 3158> bswlwokw @ 3158>

bsofwuo @ 06> bsvw|sh @ ;�<�43> bs|vfl @ 4> bsv|pvl} @ :>

{wlfv+3/3158/3138/8,>

{odeho+**w**,>

|odeho+**Qxphulfdo huuru iru | @ 318**,>

bsohjvwu @ **{ @ 3158_333{ @ 3183_333{ @ 31:8**>

vhwzlqg+4,>

wlwoh+**RUGHUHG RGG0HYHQ Krsvfrwfk**,>

bsohjfwo @ ~5 : :1:8 31:8�>

{|+w/vro*0X4*,>

vhwzlqg+5,>

bsohjfwo @ ~5 : 04158 31:8�>

wlwoh+**OLQH Krsvfrwfk**,>

{|+w/vro*0X5*,>

judsksuw+**0f@4 0fi@h{61hsv**,>

hqgzlqg>
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Iljxuh 708

71817 Vwrfkdvwlf yrodwlolw| rswlrq prgho

Wkh wzr surjudpv ehorz kdyh ehhq xvhg wr jhqhudwh wkh iroorzlqj wdeoh ri Nxuslho dqg Urqfdool

^4<<;`1

� @ �3=8
V3 FHX FKh

HX/VY FK
HX/VY FEDZ

DP FK
DP/VY

;3 3135<4 31349< 31349; 313655 3134:3

;8 314878 3144:3 314499 314957 3144;8

<3 318:33 318373 318367 318;<9 318466

<8 4189;< 418363 418359 419484 418734

433 617544 616<94 616<8; 61857< 61836;

438 915537 9157<9 9157<5 91777; 918349

443 <1;7:3 <1<3<7 <1<3;: 4316479 4317456

448 47138<9 4714584 4714575 48 4813489

453 4;194;3 4;199;5 4;199:8 53 53

7181714 Hxurshdq rswlrqv

2-

--A h{71suj

--

-- Nxuslho/ D1 dqg W1 Urqfdool ^4<<;`/ Krsvfrwfk phwkrgv iru wzr0vwdwh

-- ilqdqfldo prghov/ IHUF zrunlqj sdshu/ Flw| Xqlyhuvlw| Exvlqhvv Vfkrro

-2

qhz>

oleudu| rswlrq/SGH5G>

SGH5Gvhw>

N @ 433>

V3 @ vhtd+;3/8/<,>

e @ 03137>

u @ 313;>

Y3 @ 3153a5>

wdx @ 3158>

ukr @ 0318>

Ndssd @ 31<>

wkhwd @ 3153a5>
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odpegd @ 313>

vljpdY @ 3143>

ndssdVwdu @ ndssd . odpegd>

wkhwdVwdu @ ndssd-wkhwd2+ndssd.odpegd,>

surf dSurf+w/{/|,>

uhws+ 318 - | 1- +{a5, ,>

hqgs>

surf eSurf+w/{/|,>

uhws+ 318- ukr - vljpdY - | 1- { ,>

hqgs>

surf fSurf+w/{/|,>

uhws+ 318 - +vljpdYa5,1-| 1- rqhv+urzv+{,/4, ,>

hqgs>

surf gSurf+w/{/|,>

uhws+ e1-{1-rqhv+4/frov+|,, ,>

hqgs>

surf hSurf+w/{/|,>

uhws+ + ndssdVwdu-+wkhwdVwdu0|, , 1- rqhv+urzv+{,/4, ,>

hqgs>

surf iSurf+w/{/|,>

uhws+ u 1- rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf jSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf wplqErxqg+w/{/|,>

{ @ rqhv+4/frov+|,, 1- {>

uhws+ +{ 1A N, 1- + { 0 N, ,>

hqgs>

surf {plqErxqg+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf G{pd{Erxqg+w/{/|,>

uhws+ rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf G|plqErxqg+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf G|pd{Erxqg+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)wplqErxqg/){plqErxqg/3/3/3/

3/)G{pd{Erxqg/3/3,>

{plq @ 83> {pd{ @ 483> Q{ @ 534>

|plq @ 31335> |pd{ @ 31455> Q| @ 94>

wplq @ 3> wpd{ @ wdx> Qw @ iorru+4;58-wdx,>

bKrsvfrwfkbVdyhOdvwLwhudwlrq @ 4>

bKrsvfrwfkbSulqwLwhuv @ 4>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**wps**,>

{ @ H{wudfwVroxwlrq+**wps**/**{**,>

| @ H{wudfwVroxwlrq+**wps**/**|**,>

wpd{ @ H{wudfwVroxwlrq+**wps**/**w**,>
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X @ H{wudfwVroxwlrq+**wps**/**w**�wpd{,>

bifpswro @ 314>

lqg{[ @ IlqgLqgh{+{/V3,> lqg{\ @ IlqgLqgh{+|*/Y3,>

V3 @ {^lqg{[`> Y3 @ |^lqg{\`>

Fhx4 @ HxurshdqEV+V3/N/vtuw+Y3,/wdx/e/u,>

Fhx5 @ }hurv+urzv+V3,/4,>

l @ 4>

gr xqwlo l A urzv+V3,>

~Fhx5^l`/uhwfrgh� @ HxurshdqKhvwrq+V3^l`/N/Y3/wdx/e/u/

ndssd/wkhwd/vljpdY/ukr/odpegd,>

l @ l . 4>

hqgr>

rxwsxw iloh @ h{71rxw uhvhw>

sulqw V3�Fhx4�Fhx5�X^lqg{[/lqg{\`>

rxwsxw rii>

;31333333 3135<3<353: 31349<64768 31349:8;93;

;81333333 31487799<9 31449<;<77 3144997:58

<31333333 3189<<;893 31836<<69; 3183675439

<81333333 4189;<443 418363<46 418358874

433133333 6175443;; 616<94388 616<8:85:

438133333 9155377;4 9157<8;67 9157<4<33

443133333 <1;79<8:5 <1<3<6:59 <1<3;:6:9

448133333 47138<883 471458397 4714574;3

453133333 4;194;356 4;199;553 4;199:864

7181715 Dphulfdq rswlrqv

2-

--A h{81suj

--

-- Nxuslho/ D1 dqg W1 Urqfdool ^4<<;`/ Krsvfrwfk phwkrgv iru wzr0vwdwh

-- ilqdqfldo prghov/ IHUF zrunlqj sdshu/ Flw| Xqlyhuvlw| Exvlqhvv Vfkrro

-2

qhz>

oleudu| rswlrq/SGH5G>

SGH5Gvhw>

N @ 433>

V3 @ vhtd+;3/8/<,>

e @ 03137>

u @ 313;>

Y3 @ 3153a5>

wdx @ 3158>

ukr @ 0318>

Ndssd @ 31<>

wkhwd @ 3153a5>

odpegd @ 313>

vljpdY @ 3143>

ndssdVwdu @ ndssd . odpegd>

wkhwdVwdu @ ndssd-wkhwd2+ndssd.odpegd,>

surf dSurf+w/{/|,>

uhws+ 318 - | 1- +{a5, ,>

hqgs>

surf eSurf+w/{/|,>

uhws+ 318- ukr - vljpdY - | 1- { ,>

hqgs>

surf fSurf+w/{/|,>

uhws+ 318 - +vljpdYa5,1-| 1- rqhv+urzv+{,/4, ,>
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hqgs>

surf gSurf+w/{/|,>

uhws+ e1-{1-rqhv+4/frov+|,, ,>

hqgs>

surf hSurf+w/{/|,>

uhws+ + ndssdVwdu-+wkhwdVwdu0|, , 1- rqhv+urzv+{,/4, ,>

hqgs>

surf iSurf+w/{/|,>

uhws+ u 1- rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf jSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

C?000000000000000000 k+w/{/|/X, 000000000000000000AC

surf kSurf+w/{/|/X,>

orfdo Sd|Rii/fqg>

Sd|Rii @ + { 1A N , 1- + { 0 N , 1- rqhv+4/frov+|,,>

fqg @ Sd|Rii 1A X>

uhws+ fqg1-Sd|Rii . +40fqg,1-X ,>

hqgs>

C?000000000000000000000000000000000000000000000000AC

surf wplqErxqg+w/{/|,>

{ @ rqhv+4/frov+|,, 1- {>

uhws+ +{ 1A N, 1- + { 0 N, ,>

hqgs>

surf {plqErxqg+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf G{pd{Erxqg+w/{/|,>

uhws+ rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf G|plqErxqg+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf G|pd{Erxqg+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/)kSurf/

)wplqErxqg/){plqErxqg/3/3/3/

3/)G{pd{Erxqg/3/3,>

{plq @ 83> {pd{ @ 483> Q{ @ 534>

|plq @ 31335> |pd{ @ 31455> Q| @ 94>

wplq @ 3> wpd{ @ wdx> Qw @ iorru+4;58-wdx,>

bKrsvfrwfkbVdyhOdvwLwhudwlrq @ 4>

bKrsvfrwfkbSulqwLwhuv @ 4>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**wps**,>

{ @ H{wudfwVroxwlrq+**wps**/**{**,>

| @ H{wudfwVroxwlrq+**wps**/**|**,>

wpd{ @ H{wudfwVroxwlrq+**wps**/**w**,>

X @ H{wudfwVroxwlrq+**wps**/**w**�wpd{,>

bifpswro @ 314>

lqg{[ @ IlqgLqgh{+{/V3,> lqg{\ @ IlqgLqgh{+|*/Y3,>

V3 @ {^lqg{[`> Y3 @ |^lqg{\`>
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Fdp @ DphulfdqEV+V3/N/vtuw+Y3,/wdx/e/u,>

rxwsxw iloh @ h{81rxw uhvhw>

sulqw V3�Fdp�X^lqg{[/lqg{\`>

rxwsxw rii>

;31333333 313654844<: 31349<98488

;81333333 314957736: 3144;78694

<31333333 318;<97;;4 318465<755

<81333333 419483<54 4187339:4

433133333 61857<545 61836:<48

438133333 91777:9:: 918348;:9

443133333 431647935 43174564;

448133333 481333333 48134896:

453133333 531333333 531333333

71818 Juhhnv frpsxwlqj

Wkh iroorzlqj surjudp qxphulfdoo| vroyhv wkh Eodfn0Vfkrohv prgho1 Wkhq/ zh xvh wkh Ghulyh surfhgxuh
wr frpsxwh wkh �/ � dqg � frh!flhqwv ri wkh fdoo rswlrqv1 Zh uhpdun wkdw wkh gl�huhqfhv ehwzhhq wkhvh
qxphulfdo ydoxhv dqg wkhvh rewdlqhg e| h{dfw irupxodv duh yhu| vpdoo1

2-

--A h{91suj

--

-2

qhz>

oleudu| SGH5G/rswlrq/sjudsk>

SGH5Gvhw>

N @ 433>

vljpd @ 3153>

wdx @ 3158>

u @ 313;>

e @ 313;>

surf dSurf+w/{/|,>

uhws+ 318-+vljpda5, 1- +{a5, 1- rqhv+4/frov+|,, ,>

hqgs>

surf eSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf fSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf gSurf+w/{/|,>

uhws+ e 1- { 1- rqhv+4/frov+|,, ,>

hqgs>

surf hSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf iSurf+w/{/|,>

uhws+ u 1- rqhv+urzv+{,/frov+|,, ,>

hqgs>
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surf jSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf wplqErxqg+w/{/|,>

orfdo Sd|Rii>

Sd|Rii @ { 0 N>

Sd|Rii @ Sd|Rii 1- +Sd|Rii 1A 3,>

uhws+ Sd|Rii 1- rqhv+4/frov+|,, ,>

hqgs>

surf {plqErxqg+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf G{pd{Erxqg+w/{/|,>

uhws+ rqhv+urzv+{,/frov+|,, ,>

hqgs>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)wplqErxqg/){plqErxqg/3/3/3/

3/)G{pd{Erxqg/3/3,>

{plq @ 83> {pd{ @ 483> Q{ @ 534>

|plq @ 3143> |pd{ @ 3163> Q| @ 8>

wplq @ 3> wpd{ @ wdx> Qw @ iorru+4;58-wdx,>

bKrsvfrwfkbSulqwLwhuv @ 43>

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**h{9**,>

gw @ yuhdg+bKrsvfrwfkbPhvkUdwlrv/**n**,>

gV @ yuhdg+bKrsvfrwfkbPhvkUdwlrv/**k{**,>

lqg{W @ vhtd+43/48/63,>

lqg{V3 @ vhtd+4/43/54,>

judskvhw>

ehjzlqg>

zlqgrz+5/5/3,>

bsgdwh @ ****> bsqxp @ 5> bsqxpkw @ 3158> bswlwokw @ 3158> bsd{kw @ 3158>

irqwv+**vlpsoh{ vlpjupd**,>

vhwzlqg+4,>

V3 @ H{wudfwVroxwlrq+**h{9**/**{**,>

X @ H{wudfwVroxwlrq+**h{9**/**w**�wdx,>

ghowd @ Ghulyh+X/gV/3,>

wlwoh+**Ghowd**,>

{odeho+**V3**,>

|wlfv+3/4/3158/3,>

{|+V3^lqg{V3`/vxepdw+ghowd�HxurshdqEVbGhowd+V3/N/vljpd/wdx/e/u,/lqg{V3/3,,>

vhwzlqg+5,>

jdppdb @ Ghulyh+Ghulyh+X/gV/04,/gV/4,>

wlwoh+**Jdppd**,>

|wlfv+3/3138/3134/3,>

{|+V3^lqg{V3`/vxepdw+jdppdb�HxurshdqEVbJdppd+V3/N/vljpd/wdx/e/u,/lqg{V3/3,,>

vhwzlqg+6,>

w @ H{wudfwVroxwlrq+**h{9**/**w**,>

| @ H{wudfwVroxwlrq+**h{9**/**|**,>

X @ H{wudfwVroxwlrq+**h{9**/**|**�|^6`,>

wkhwd @ Ghulyh+X*/gw/3,>
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wlwoh+**Wkhwd +Krsvfrwfk,**,>

{odeho+**_535w_534**,>

|odeho+**V3**,>

{wlfv+3/3153/3143/3,>

|wlfv+;3/453/43/3,>

}wlfv+3/83/43/3,>

vxuidfh+vxepdw+w*/3/lqg{W,/vxepdw+V3/lqg{V3/3,/

vxepdw+wkhwd*/lqg{V3/lqg{W,,>

vhwzlqg+7,>

wlwoh+**Wkhwd**,>

vxuidfh+vxepdw+w*/3/lqg{W,/vxepdw+V3/lqg{V3/3,/

vxepdw+HxurshdqEVbWkhwd+V3/N/vljpd/w*/e/u,/lqg{V3/lqg{W,,>

judsksuw+**0f@4 0fi@h{91hsv**,>

hqgzlqg>

Iljxuh 709

71819 Odsodfh htxdwlrq

2-

--A h{:1suj

--

-- Odsodfh Htxdwlrq

-2

qhz>

oleudu| SGH5G/sjudsk>

SGH5Gvhw>

surf dSurf+w/{/|,>

uhws+ 5-rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf eSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf fSurf+w/{/|,>
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uhws+ 5-rqhv+urzv+{,/frov+|,, ,>

hqgs>

surf gSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf hSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf iSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf jSurf+w/{/|,>

uhws+ }hurv+urzv+{,/frov+|,, ,>

hqgs>

surf LqlwldoJxhvvVroxwlrq+w/{/|,>

uhws+ uqgx+urzv+{,/frov+|,, ,>

hqgs>

surf {plqErxqg+w/{/|,>

uhws+ rqhv+urzv+{,/frov+|,, 1- +4 0 |a5, ,>

hqgs>

surf {pd{Erxqg+w/{/|,>

uhws+ rqhv+urzv+{,/frov+|,, 1- +4 0 |a5, ,>

hqgs>

surf |plqErxqg+w/{/|,>

uhws+ rqhv+urzv+{,/frov+|,, 1- +{a5 0 4, ,>

hqgs>

surf |pd{Erxqg+w/{/|,>

uhws+ rqhv+urzv+{,/frov+|,, 1- +{a5 0 4, ,>

hqgs>

fdoo SGH5G+)dSurf/)eSurf/)fSurf/)gSurf/)hSurf/)iSurf/)jSurf/3/

)LqlwldoJxhvvVroxwlrq/){plqErxqg/){pd{Erxqg/)|plqErxqg/)|pd{Erxqg/

3/3/3/3,>

{plq @ 04> {pd{ @ 4> Q{ @ 54>

|plq @ 04> |pd{ @ 4> Q| @ 54>

wplq @ 3> wpd{ @ 3158> Qw @ 434>

bKrsvfrwfkbSulqwLwhuv @ 5>

bKrsvfrwfkbHoolswlf @ 4>

bKrsvfrwfkbVdyhOdvwLwhu @ 4>

bifpswro @ 4h08>

bKrsvfrwfkbPhwkrgv^4` @ 5> 2- Fhqwhu Iloolqj Phwkrg -2

bKrsvfrwfkbPhwkrgv^5` @ 318> 2- Fudqn0Qlfkrovrq Wkhwd Phwkrg -2

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**wps**,>

{ @ H{wudfwVroxwlrq+**wps**/**{**,>

| @ H{wudfwVroxwlrq+**wps**/**|**,>

w @ H{wudfwVroxwlrq+**wps**/**w**,>

X4 @ H{wudfwVroxwlrq+**wps**/**w**�w,>

bKrsvfrwfkbPhwkrgv^5` @ 4> 2- Lpsolflw Wkhwd Phwkrg -2

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**wps**,>

w @ H{wudfwVroxwlrq+**wps**/**w**,>

X5 @ H{wudfwVroxwlrq+**wps**/**w**�w,>

bKrsvfrwfkbPhwkrgv^5` @ 5> 2- Rughuhg Rgg0Hyhq Wkhwd Phwkrg -2
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fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**wps**,>

w @ H{wudfwVroxwlrq+**wps**/**w**,>

X6 @ H{wudfwVroxwlrq+**wps**/**w**�w,>

bKrsvfrwfkbPhwkrgv^5` @ 6> 2- Olqh Wkhwd Phwkrg -2

fdoo Krsvfrwfk+wplq/wpd{/Qw/{plq/{pd{/Q{/|plq/|pd{/Q|/**wps**,>

w @ H{wudfwVroxwlrq+**wps**/**w**,>

X7 @ H{wudfwVroxwlrq+**wps**/**w**�w,>

surf VroxwlrqSurf+{/|,>

uhws+{a50|a5,>

hqgs>

vro @ VroxwlrqSurf+{/|,>

judskvhw>

ehjzlqg>

pdnhzlqg+</91;88/3/3/4,>

pdnhzlqg+518/518/3/3/4,>

pdnhzlqg+518/518/3/91;880518/4,>

pdnhzlqg+518/518/<0518/3/4,>

pdnhzlqg+518/518/<0518/91;880518/4,>

bsqxp @ 5>

vhwzlqg+4,>

wlwoh+**Odsodfh Htxdwlrq**,>

{wlfv+04/4/318/3,>

|wlfv+04/4/318/3,>

vxuidfh+{*/|*/X4*,>

judskvhw>

bswlwokw @ 3163> bsqxpkw @ 31:3> bsd{hv @ 3>

vhwzlqg+5,>

wlwoh+**Fudqn0Qlfkrovrq**,>

frqwrxu+{*/|*/+X40vro,*,>

vhwzlqg+6,>

wlwoh+**Lpsolflw**,>

frqwrxu+{*/|*/+X50vro,*,>

vhwzlqg+7,>

wlwoh+**Rughuhg Rgg0Hyhq**,>

frqwrxu+{*/|*/+X60vro,*,>

vhwzlqg+8,>

wlwoh+**Olqh**,>

frqwrxu+{*/|*/+X70vro,*,>

judsksuw+**0f@4 0fi@h{:1hsv**,>

hqgzlqg>
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Iljxuh 70:
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Eleolrjudsk|

^4` Jrxuod|/ D1U1 dqg V1 PfNhh ^4<::`/ Wkh frqvwuxfwlrq ri krsvfrwfk phwkrgv iru sduderolf dqg
hoolswlf htxdwlrqv lq wzr vsdfh glphqvlrqv zlwk d pl{hg ghulydwlyh/ Mrxuqdo ri Frpsxwdwlrqdo dqg
Dssolhg Pdwkhpdwlfv/ 6/ 5340538

^5` Nxuslho/ D1 dqg W1 Urqfdool ^4<<;`/ Krsvfrwfk phwkrgv iru wzr0vwdwh �qdqfldo prghov/ IHUF
Zrunlqj Sdshu/ Flw| Xqlyhvlw| Exvlqhvv Vfkrro



Lqgh{

Ghulyh/ </ 45/ 79

H{wudfwVroxwlrq/ </ 46/ 49/ 5:

IlqgLqgh{/ </ 47/ 5<

Krsvfrwfk/ 9/ 48/ 55
bKrsvfrwfkbFrqyhujhqfh/ ;
bKrsvfrwfkbHoolswlf/ :/ 48/ 65
bKrsvfrwfkbPhvkUdwlrv/ ;/ 48/ 56
bKrsvfrwfkbPhwkrgv/ ;/ 48/ 57
bKrsvfrwfkbSulqwLwhuv/ ;/ 49/ 59
bKrsvfrwfkbUhwFrgh/ ;/ 49/ 59
bKrsvfrwfkbVdyhOdvwLwhu/ ;/ 49/ 5:

lqvwdoodwlrq/ 6

SGH5G/ 8/ 4:/ 4<
SGH5Gvhw/ 4;
SGH sureohp/ 8
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