
PDWODE Sulphu
Vhfrqg Hglwlrq

Nhuplw Vljprq
Ghsduwphqw ri Pdwkhpdwlfv

Xqlyhuvlw| ri Iorulgd

Ghsduwphqw ri Pdwkhpdwlfv � Xqlyhuvlw| ri Iorulgd � Jdlqhvylooh/ IO 65944
vljprqCpdwk1xio1hgx � vljprqCxislqh1elwqhw
Frs|uljkw f�4<;</ 4<<5 e| Nhuplw Vljprq



Frs|uljkw f�4<;</ 4<<5 e| Nhuplw Vljprq
Wkh PDWODE Sulphu pd| eh glvwulexwhg dv ghvluhg vxemhfw wr wkh iroorzlqj frq0
glwlrqv=
41 Lw pd| qrw eh dowhuhg lq dq| zd|/ h{fhsw srvvleo| dgglqj dq dgghqgxp jlylqj

lqirupdwlrq derxw wkh orfdo frpsxwhu lqvwdoodwlrq1
51 Lw/ ru dq| sduw wkhuhri/ pd| qrw eh xvhg dv sduw ri d grfxphqw glvwulexwhg iru

d frpphufldo sxusrvh1
Lq sduwlfxodu/ lw pd| eh glvwulexwhg yld d orfdo frs| fhqwhu ru errnvwruh1 Xvhuv
xvxdoo| dssuhfldwh wkh frqyhqlhqfh dqg gxudelolw| ri d erxqg frs| zlwk d fryhu/
frs| fhqwhu vw|oh1
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PDWODE lv dq lqwhudfwlyh/ pdwul{0edvhg v|vwhp iru vflhqwl�f dqg hqjlqhhulqj fdofx0
odwlrqv1 \rx fdq vroyh frpsoh{ qxphulfdo sureohpv zlwkrxw dfwxdoo| zulwlqj d surjudp1
Wkh qdph PDWODE lv dq deeuhyldwlrq iru PDWul{ ODErudwru|1

Wkh sxusrvh ri wklv Sulphu lv wr khos |rx ehjlq wr xvh PDWODE1 Wkh| fdq ehvw eh
xvhg kdqgv0rq1 \rx duh hqfrxudjhg wr zrun dw wkh frpsxwhu dv |rx uhdg wkh Sulphu dqg
iuhho| h{shulphqw zlwk h{dpsohv1

\rx vkrxog olehudoo| xvh wkh rq0olqh khos idflolw| iru pruh ghwdlohg lqirupdwlrq1 Diwhu
hqwhulqj PDWODE dv ghvfulehg lq vhfwlrq 4/ wkh frppdqg khos zloo glvsod| d olvw ri
ixqfwlrqv iru zklfk rq0olqh khos lv dydlodeoh> wkh frppdqg khos ixqfwlrqqdph zloo jlyh
lqirupdwlrq derxw d vshfl�f ixqfwlrq1 Wkh frppdqg khos hlj/ iru h{dpsoh/ zloo jlyh
lqirupdwlrq derxw wkh hljhqydoxh ixqfwlrq hlj1 \rx fdq suhylhz vrph ri wkh ihdwxuhv ri
PDWODE e| hqwhulqj wkh frppdqg ghpr1

Wkh vfrsh dqg srzhu ri PDWODE jr idu eh|rqg wkhvh qrwhv1 Hyhqwxdoo| |rx zloo
zdqw wr frqvxow wkh PDWODE Xvhu*v Jxlgh dqg Uhihuhqfh Jxlgh1 Wkh grfxphqwdwlrq
zklfk dffrpsdqlhv wkh Vwxghqw Hglwlrq ri PDWODE lv dq h{fhoohqw vrxufh1 Frslhv ri
wkh frpsohwh Xvhu*v Jxlgh duh riwhq dydlodeoh iru uhylhz dw orfdwlrqv vxfk dv frqvxowlqj
ghvnv/ whuplqdo urrpv/ frpsxwlqj odev/ dqg wkh uhvhuyh ghvn ri wkh oleudu|1 Frqvxow |rxu
lqvwuxfwru ru |rxu orfdo frpsxwlqj fhqwhu wr ohduq zkhuh wkh Xvhu*v Jxlghv duh orfdwhg dw
|rxu lqvwlwxwlrq1

PDWODE lv dydlodeoh iru d qxpehu ri hqylurqphqwv= Vxq2Dsroor2YD[vwdwlrq2KS
zrunvwdwlrqv/ YD[/ PlfurYD[/ Jrxog/ SF dqg DW frpsdwleohv/ ;36;9 dqg ;37;9 frp0
sxwhuv/ Dssoh Pdflqwrvk/ dqg vhyhudo sdudooho pdfklqhv1 Wkhuh lv d uhodwlyho| lqh{shqvlyh
Vwxghqw Hglwlrq dydlodeoh iurp Suhqwlfh Kdoo sxeolvkhuv1 Wkh lqirupdwlrq lq wkhvh qrwhv
dssolhv jhqhudoo| wr doo ri wkhvh hqylurqphqwv1

Zkloh wkh vhfrqg hglwlrq ri wkh Sulphu lv edvhg rq yhuvlrq 618 ri PDWODE/ lw lv
frpsdwleoh zlwk yhuvlrq 713 zlwk wkh ixqgdphqwdo gl�huhqfhv qrwhg1 Dq hglwlrq ri wkh
Sulphu edvhg rq yhuvlrq 713 lv xqghu ghyhorsphqw1

Wkh sodlq WH[ vrxufh +dqg d SrvwVfulsw �oh sulphu681sv, ri wklv vhfrqg hglwlrq
ri wkh PDWODE Sulphu lv dydlodeoh yld dqrq|prxv iws iurp pdwk1xio1hgx dv wkh �oh
sulphu681wh{ lq wkh gluhfwru| sxe2pdwode1 Li iws lv xqdydlodeoh wr |rx/ lw fdq eh rewdlqhg
yld olvwvhuy e| vhqglqj dq hpdlo phvvdjh wr olvwvhuyCpdwk1xio1hgx zklfk frqwdlqv wkh
vlqjoh olqh vhqg pdwode2sulphu681wh{1 Lw fdq dovr eh rewdlqhg e| vhqglqj d uhtxhvw wr
wkh dxwkru dw vljprqCpdwk1xio1hgx1 Wkh odwhvw hglwlrq ri wkh Sulphu zloo dozd|v eh
dydlodeoh dv lqglfdwhg deryh dv wkh �oh sulphu1wh{1 D Vsdqlvk yhuvlrq lv dovr dydlodeoh
wkhuh1

PDWODE lv olfhqvhg e| Wkh PdwkZrunv/ Lqf1/ Frfklwxdwh Sodfh/ 57 Sulph Sdun Zd|/
Qdwlfn/ PD 34:93/ +83;,98604748/ Id{= +83;,98605<<:/ Hpdlo= lqirCpdwkzrunv1frp1
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41 Dffhvvlqj PDWODE1
Rq prvw v|vwhpv/ diwhu orjjlqj lq rqh fdq hqwhu PDWODE zlwk wkh v|vwhp frppdqg

pdwode dqg h{lw PDWODE zlwk wkh frppdqg h{lw ru txlw1 Rq d SF/ iru h{dpsoh/ li
surshuo| lqvwdoohg/ rqh pd| hqwhu PDWODE zlwk wkh frppdqg=

FA pdwode
dqg h{lw lw zlwk wkh frppdqg=

AA txlw
Rq v|vwhpv shuplwwlqj pxowlsoh surfhvvhv/ vxfk dv d Xql{ v|vwhp/ |rx zloo �qg lw

frqyhqlhqw/ iru uhdvrqv glvfxvvhg lq vhfwlrq 47/ wr nhhs erwk PDWODE dqg |rxu orfdo hglwru
dfwlyh1 Li |rx duh zrunlqj rq d zrunvwdwlrq zklfk uxqv surfhvvhv lq pxowlsoh zlqgrzv/ |rx
zloo zdqw wr nhhs PDWODE dfwlyh lq rqh zlqgrz dqg |rxu orfdo hglwru dfwlyh lq dqrwkhu1
\rx vkrxog frqvxow |rxu lqvwuxfwru ru |rxu orfdo frpsxwhu fhqwhu iru ghwdlov ri wkh orfdo
lqvwdoodwlrq1
51 Hqwhulqj pdwulfhv1

PDWODE zrunv zlwk hvvhqwldoo| rqo| rqh nlqg ri remhfw�d uhfwdqjxodu qxphulfdo
pdwul{ zlwk srvvleo| frpsoh{ hqwulhv> doo yduldeohv uhsuhvhqw pdwulfhv1 Lq vrph vlwxdwlrqv/
40e|04 pdwulfhv duh lqwhusuhwhg dv vfdoduv dqg pdwulfhv zlwk rqo| rqh urz ru rqh froxpq
duh lqwhusuhwhg dv yhfwruv1

Pdwulfhv fdq eh lqwurgxfhg lqwr PDWODE lq vhyhudo gl�huhqw zd|v=
� Hqwhuhg e| dq h{solflw olvw ri hohphqwv/
� Jhqhudwhg e| exlow0lq vwdwhphqwv dqg ixqfwlrqv/
� Fuhdwhg lq P0�ohv +vhh vhfwlrqv 45 dqg 47 ehorz,/
� Ordghg iurp h{whuqdo gdwd �ohv +vhh Xvhu*v Jxlgh,1

Iru h{dpsoh/ hlwkhu ri wkh vwdwhphqwv
D @ ^4 5 6> 7 8 9> : ; <`

dqg
D @ ^
4 5 6
7 8 9
: ; < `

fuhdwhv wkh reylrxv 60e|06 pdwul{ dqg dvvljqv lw wr d yduldeoh D1 Wu| lw1 Wkh hohphqwv
zlwklq d urz ri d pdwul{ pd| eh vhsdudwhg e| frppdv dv zhoo dv d eodqn1

Zkhq olvwlqj d qxpehu lq h{srqhqwldo irup +h1j1 5167h0<,/ eodqn vsdfhv pxvw eh
dyrlghg1 Olvwlqj hqwulhv ri d odujh pdwul{ lv ehvw grqh lq dq P0�oh/ zkhuh huuruv fdq
eh hdvlo| hglwhg dzd| +vhh vhfwlrqv 45 dqg 47,1

Wkh exlow0lq ixqfwlrqv udqg/ pdjlf/ dqg kloe/ iru h{dpsoh/ surylgh dq hdv| zd| wr
fuhdwh pdwulfhv zlwk zklfk wr h{shulphqw1 Wkh frppdqg udqg+q, zloo fuhdwh dq q � q
pdwul{ zlwk udqgrpo| jhqhudwhg hqwulhv glvwulexwhg xqlirupo| ehwzhhq 3 dqg 4/ zkloh
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udqg+p/q, zloo fuhdwh dq p� q rqh1 pdjlf+q, zloo fuhdwh dq lqwhjudo q� q pdwul{ zklfk
lv d pdjlf vtxduh +urzv dqg froxpqv kdyh frpprq vxp,> kloe+q, zloo fuhdwh wkh q � q
Kloehuw pdwul{/ wkh nlqj ri loo0frqglwlrqhg pdwulfhv +p dqg q ghqrwh/ ri frxuvh/ srvlwlyh
lqwhjhuv,1 Pdwulfhv fdq dovr eh jhqhudwhg zlwk d iru0orrs +vhh vhfwlrq 9 ehorz,1

Lqglylgxdo pdwul{ dqg yhfwru hqwulhv fdq eh uhihuhqfhg zlwk lqglfhv lqvlgh sduhqwkhvhv
lq wkh xvxdo pdqqhu1 Iru h{dpsoh/ D+5> 6, ghqrwhv wkh hqwu| lq wkh vhfrqg urz/ wklug
froxpq ri pdwul{ D dqg {+6, ghqrwhv wkh wklug frruglqdwh ri yhfwru {1 Wu| lw1 D pdwul{
ru d yhfwru zloo rqo| dffhsw srvlwlyh lqwhjhuv dv lqglfhv1
61 Pdwul{ rshudwlrqv/ duud| rshudwlrqv1

Wkh iroorzlqj pdwul{ rshudwlrqv duh dydlodeoh lq PDWODE=
. dgglwlrq
� vxewudfwlrq
� pxowlsolfdwlrq
e srzhu& wudqvsrvh
q ohiw glylvlrq
2 uljkw glylvlrq

Wkhvh pdwul{ rshudwlrqv dsso|/ ri frxuvh/ wr vfdoduv +40e|04 pdwulfhv, dv zhoo1 Li wkh vl}hv
ri wkh pdwulfhv duh lqfrpsdwleoh iru wkh pdwul{ rshudwlrq/ dq huuru phvvdjh zloo uhvxow/
h{fhsw lq wkh fdvh ri vfdodu0pdwul{ rshudwlrqv +iru dgglwlrq/ vxewudfwlrq/ dqg glylvlrq dv
zhoo dv iru pxowlsolfdwlrq, lq zklfk fdvh hdfk hqwu| ri wkh pdwul{ lv rshudwhg rq e| wkh
vfdodu1

Wkh _pdwul{ glylvlrq% rshudwlrqv ghvhuyh vshfldo frpphqw1 Li D lv dq lqyhuwleoh vtxduh
pdwul{ dqg e lv d frpsdwleoh froxpq/ uhvs1 urz/ yhfwru/ wkhq

{ @ Dqe lv wkh vroxwlrq ri D � { @ e dqg/ uhvs1/
{ @ e@D lv wkh vroxwlrq ri { �D @ e1

Lq ohiw glylvlrq/ li D lv vtxduh/ wkhq lw lv idfwruhg xvlqj Jdxvvldq holplqdwlrq dqg wkhvh
idfwruv duh xvhg wr vroyh D � { @ e1 Li D lv qrw vtxduh/ lw lv idfwruhg xvlqj Krxvhkroghu
ruwkrjrqdol}dwlrq zlwk froxpq slyrwlqj dqg wkh idfwruv duh xvhg wr vroyh wkh xqghu0 ru
ryhu0 ghwhuplqhg v|vwhp lq wkh ohdvw vtxduhv vhqvh1 Uljkw glylvlrq lv gh�qhg lq whupv ri
ohiw glylvlrq e| e@D @ +D ' qe ' , ' 1

Duud| rshudwlrqv1 Wkh pdwul{ rshudwlrqv ri dgglwlrq dqg vxewudfwlrq douhdg| rs0
hudwh hqwu|0zlvh exw wkh rwkhu pdwul{ rshudwlrqv jlyhq deryh gr qrw�wkh| duh pdwul{
rshudwlrqv1 Lw lv lpsruwdqw wr revhuyh wkdw wkhvh rwkhu rshudwlrqv/ �/ e / q/ dqg 2/ fdq
eh pdgh wr rshudwh hqwu|0zlvh e| suhfhglqj wkhp e| d shulrg1 Iru h{dpsoh/ hlwkhu
^4/5/6/7`1-^4/5/6/7` ru ^4/5/6/7`1e 5 zloo |lhog ^4/7/</49`1 Wu| lw1 Wklv lv sdu0
wlfxoduo| xvhixo zkhq xvlqj Pdwode judsklfv1
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71 Vwdwhphqwv/ h{suhvvlrqv/ dqg yduldeohv> vdylqj d vhvvlrq1
PDWODE lv dq h{suhvvlrq odqjxdjh> wkh h{suhvvlrqv |rx w|sh duh lqwhusuhwhg dqg

hydoxdwhg1 PDWODE vwdwhphqwv duh xvxdoo| ri wkh irup
yduldeoh @ h{suhvvlrq/ ru vlpso|
h{suhvvlrq

H{suhvvlrqv duh xvxdoo| frpsrvhg iurp rshudwruv/ ixqfwlrqv/ dqg yduldeoh qdphv1 Hydo0
xdwlrq ri wkh h{suhvvlrq surgxfhv d pdwul{/ zklfk lv wkhq glvsod|hg rq wkh vfuhhq dqg
dvvljqhg wr wkh yduldeoh iru ixwxuh xvh1 Li wkh yduldeoh qdph dqg @ vljq duh rplwwhg/ d
yduldeoh dqv +iru dqvzhu, lv dxwrpdwlfdoo| fuhdwhg wr zklfk wkh uhvxow lv dvvljqhg1

D vwdwhphqw lv qrupdoo| whuplqdwhg zlwk wkh fduuldjh uhwxuq1 Krzhyhu/ d vwdwhphqw fdq
eh frqwlqxhg wr wkh qh{w olqh zlwk wkuhh ru pruh shulrgv iroorzhg e| d fduuldjh uhwxuq1 Rq
wkh rwkhu kdqg/ vhyhudo vwdwhphqwv fdq eh sodfhg rq d vlqjoh olqh li vhsdudwhg e| frppdv
ru vhplfrorqv1

Li wkh odvw fkdudfwhu ri d vwdwhphqw lv d vhplfrorq/ wkh sulqwlqj lv vxssuhvvhg/ exw wkh
dvvljqphqw lv fduulhg rxw1 Wklv lv hvvhqwldo lq vxssuhvvlqj xqzdqwhg sulqwlqj ri lqwhuphgldwh
uhvxowv1

PDWODE lv fdvh0vhqvlwlyh lq wkh qdphv ri frppdqgv/ ixqfwlrqv/ dqg yduldeohv1 Iru
h{dpsoh/ vroyhXW lv qrw wkh vdph dv vroyhxw1

Wkh frppdqg zkr zloo olvw wkh yduldeohv fxuuhqwo| lq wkh zrunvsdfh1 D yduldeoh fdq eh
fohduhg iurp wkh zrunvsdfh zlwk wkh frppdqg fohdu yduldeohqdph1 Wkh frppdqg fohdu
dorqh zloo fohdu doo qrqshupdqhqw yduldeohv1

Wkh shupdqhqw yduldeoh hsv +hsvlorq, jlyhv wkh pdfklqh suhflvlrq�derxw 43 ( ) * rq
prvw pdfklqhv1 Lw lv xvhixo lq ghwhuplqlqj wrohuhqfhv iru frqyhujhqfh ri lwhudwlyh surfhvvhv1

D uxqdzd| glvsod| ru frpsxwdwlrq fdq eh vwrsshg rq prvw pdfklqhv zlwkrxw ohdylqj
PDWODE zlwk FWUO0F +FWUO0EUHDN rq d SF,1

Vdylqj d vhvvlrq1 Zkhq rqh orjv rxw ru h{lwv PDWODE doo yduldeohv duh orvw1 Krz0
hyhu/ lqyrnlqj wkh frppdqg vdyh ehiruh h{lwlqj fdxvhv doo yduldeohv wr eh zulwwhq wr d
qrq0kxpdq0uhdgdeoh glvn�oh qdphg pdwode1pdw1 Zkhq rqh odwhu uhhqwhuv PDWODE/ wkh
frppdqg ordg zloo uhvwruh wkh zrunvsdfh wr lwv iruphu vwdwh1
81 Pdwul{ exloglqj ixqfwlrqv1

Frqyhqlhqw pdwul{ exloglqj ixqfwlrqv duh
h|h lghqwlw| pdwul{
}hurv pdwul{ ri }hurv
rqhv pdwul{ ri rqhv
gldj vhh ehorz
wulx xsshu wuldqjxodu sduw ri d pdwul{
wulo orzhu wuldqjxodu sduw ri d pdwul{
udqg udqgrpo| jhqhudwhg pdwul{
kloe Kloehuw pdwul{
pdjlf pdjlf vtxduh
wrhsolw} vhh khos wrhsolw}
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Iru h{dpsoh/ }hurv+p/q, surgxfhv dq p0e|0q pdwul{ ri }hurv dqg }hurv+q, surgxfhv dq
q0e|0q rqh> li D lv d pdwul{/ wkhq }hurv+D, surgxfhv d pdwul{ ri }hurv ri wkh vdph vl}h
dv D1

Li { lv d yhfwru/ gldj+{, lv wkh gldjrqdo pdwul{ zlwk { grzq wkh gldjrqdo> liD lv d vtxduh
pdwul{/ wkhq gldj+D, lv d yhfwru frqvlvwlqj ri wkh gldjrqdo ri D1 Zkdw lv gldj+gldj+D,,B
Wu| lw1

Pdwulfhv fdq eh exlow iurp eorfnv1 Iru h{dpsoh/ li D lv d 60e|06 pdwul{/ wkhq
E @ ^D/ }hurv+6/5,> }hurv+5/6,/ h|h+5,`

zloo exlog d fhuwdlq 80e|08 pdwul{1 Wu| lw1
91 Iru/ zkloh/ li � dqg uhodwlrqv1

Lq wkhlu edvlf irupv/ wkhvh PDWODE �rz frqwuro vwdwhphqwv rshudwh olnh wkrvh lq prvw
frpsxwhu odqjxdjhv1

Iru1 Iru h{dpsoh/ iru d jlyhq q/ wkh vwdwhphqw
{ @ ^`> iru l @ 4=q/ {@^{/le 5`/ hqg

ru
{ @ ^`>
iru l @ 4=q

{ @ ^{/le 5`
hqg

zloo surgxfh d fhuwdlq q0yhfwru dqg wkh vwdwhphqw
{ @ ^`> iru l @ q=04=4/ {@^{/le 5`/ hqg

zloo surgxfh wkh vdph yhfwru lq uhyhuvh rughu1 Wu| wkhp1 Qrwh wkdw d pdwul{ pd| eh
hpsw| +vxfk dv { @ ^`,1 Wkh vwdwhphqwv

iru l @ 4=p
iru m @ 4=q

K+l/ m, @ 42+l.m04,>
hqg

hqg
K

zloo surgxfh dqg sulqw wr wkh vfuhhq wkh p0e|0q kloehuw pdwul{1 Wkh vhplfrorq rq wkh lqqhu
vwdwhphqw vxssuhvvhv sulqwlqj ri xqzdqwhg lqwhuphgldwh uhvxowv zkloh wkh odvw K glvsod|v
wkh �qdo uhvxow1

Zkloh1 Wkh jhqhudo irup ri d zkloh orrs lv
zkloh uhodwlrq

vwdwhphqwv
hqg

Wkh vwdwhphqwv zloo eh uhshdwhgo| h{hfxwhg dv orqj dv wkh uhodwlrq uhpdlqv wuxh1 Iru h{dp0
soh/ iru d jlyhq qxpehu d/ wkh iroorzlqj zloo frpsxwh dqg glvsod| wkh vpdoohvw qrqqhjdwlyh
lqwhjhu q vxfk wkdw 5 + � d=

7



q @ 3>
zkloh 5e q ? d

q @ q . 4>
hqg
q

Li1 Wkh jhqhudo irup ri d vlpsoh li vwdwhphqw lv
li uhodwlrq

vwdwhphqwv
hqg

Wkh vwdwhphqwv zloo eh h{hfxwhg rqo| li wkh uhodwlrq lv wuxh1 Pxowlsoh eudqfklqj lv dovr
srvvleoh/ dv lv looxvwudwhg e|

li q ? 3
sdulw| @ 3>

hovhli uhp+q/5, @@ 3
sdulw| @ 5>

hovh
sdulw| @ 4>

hqg
Lq wzr0zd| eudqfklqj wkh hovhli sruwlrq zrxog/ ri frxuvh/ eh rplwwhg1

Uhodwlrqv1 Wkh uhodwlrqdo rshudwruv lq PDWODE duh
? ohvv wkdq
A juhdwhu wkdq
?@ ohvv wkdq ru htxdo
A@ juhdwhu wkdq ru htxdo
@@ htxdo
�@ qrw htxdo1

Qrwh wkdw _@% lv xvhg lq dq dvvljqphqw vwdwhphqw zkloh _@@% lv xvhg lq d uhodwlrq1
Uhodwlrqv pd| eh frqqhfwhg ru txdqwl�hg e| wkh orjlfdo rshudwruv

) dqg
m ru
� qrw1

Zkhq dssolhg wr vfdoduv/ d uhodwlrq lv dfwxdoo| wkh vfdodu 4 ru 3 ghshqglqj rq zkhwkhu
wkh uhodwlrq lv wuxh ru idovh1 Wu| 6 ? 8/ 6 A 8/ 6 @@ 8/ dqg 6 @@ 61 Zkhq dssolhg
wr pdwulfhv ri wkh vdph vl}h/ d uhodwlrq lv d pdwul{ ri 3*v dqg 4*v jlylqj wkh ydoxh ri wkh
uhodwlrq ehwzhhq fruuhvsrqglqj hqwulhv1 Wu| d @ udqg+8,/ e @ wulx+d,/ d @@ e1

D uhodwlrq ehwzhhq pdwulfhv lv lqwhusuhwhg e| zkloh dqg li wr eh wuxh li hdfk hqwu| ri
wkh uhodwlrq pdwul{ lv qrq}hur1 Khqfh/ li |rx zlvk wr h{hfxwh vwdwhphqw zkhq pdwulfhv D
dqg E duh htxdo |rx frxog w|sh
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li D @@ E
vwdwhphqw

hqg
exw li |rx zlvk wr h{hfxwh vwdwhphqw zkhq D dqg E duh qrw htxdo/ |rx zrxog w|sh

li dq|+dq|+D �@ E,,
vwdwhphqw

hqg
ru/ pruh vlpso|/

li D @@ E hovh
vwdwhphqw

hqg
Qrwh wkdw wkh vhhplqjo| reylrxv

li D �@ E/ vwdwhphqw/ hqg
zloo qrw jlyh zkdw lv lqwhqghg vlqfh vwdwhphqw zrxog h{hfxwh rqo| li hdfk ri wkh fruuhvsrqg0
lqj hqwulhv ri D dqg E gl�hu1 Wkh ixqfwlrqv dq| dqg doo fdq eh fuhdwlyho| xvhg wr uhgxfh
pdwul{ uhodwlrqv wr yhfwruv ru vfdoduv1 Wzr dq|*v duh uhtxluhg deryh vlqfh dq| lv d yhfwru
rshudwru +vhh vhfwlrq ;,1

Wkh iru vwdwhphqw shuplwv dq| pdwul{ wr eh xvhg lqvwhdg ri 4=q1 Vhh wkh Xvhu*v Jxlgh
iru ghwdlov ri krz wklv ihdwxuh h{sdqgv wkh srzhu ri wkh iru vwdwhphqw1
:1 Vfdodu ixqfwlrqv1

Fhuwdlq PDWODE ixqfwlrqv rshudwh hvvhqwldoo| rq vfdoduv/ exw rshudwh hohphqw0zlvh
zkhq dssolhg wr d pdwul{1 Wkh prvw frpprq vxfk ixqfwlrqv duh

vlq dvlq h{s dev urxqg
frv dfrv orj +qdwxudo orj, vtuw �rru
wdq dwdq uhp +uhpdlqghu, vljq fhlo

;1 Yhfwru ixqfwlrqv1
Rwkhu PDWODE ixqfwlrqv rshudwh hvvhqwldoo| rq d yhfwru +urz ru froxpq,/ exw dfw

rq dq p0e|0q pdwul{ +p � 5, lq d froxpq0e|0froxpq idvklrq wr surgxfh d urz yhfwru
frqwdlqlqj wkh uhvxowv ri wkhlu dssolfdwlrq wr hdfk froxpq1 Urz0e|0urz dfwlrq fdq eh
rewdlqhg e| xvlqj wkh wudqvsrvh> iru h{dpsoh/ phdq+D*,*1 D ihz ri wkhvh ixqfwlrqv duh

pd{ vxp phgldq dq|
plq surg phdq doo
vruw vwg

Iru h{dpsoh/ wkh pd{lpxp hqwu| lq d pdwul{ D lv jlyhq e| pd{+pd{+D,, udwkhu wkdq
pd{+D,1 Wu| lw1
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<1 Pdwul{ ixqfwlrqv1
Pxfk ri PDWODE*v srzhu frphv iurp lwv pdwul{ ixqfwlrqv1 Wkh prvw xvhixo rqhv duh

hlj hljhqydoxhv dqg hljhqyhfwruv
fkro fkrohvn| idfwrul}dwlrq
vyg vlqjxodu ydoxh ghfrpsrvlwlrq
lqy lqyhuvh
ox OX idfwrul}dwlrq
tu TU idfwrul}dwlrq
khvv khvvhqehuj irup
vfkxu vfkxu ghfrpsrvlwlrq
uuhi uhgxfhg urz hfkhorq irup
h{sp pdwul{ h{srqhqwldo
vtuwp pdwul{ vtxduh urrw
sro| fkdudfwhulvwlf sro|qrpldo
ghw ghwhuplqdqw
vl}h vl}h
qrup 40qrup/ 50qrup/ I0qrup/ 40qrup
frqg frqglwlrq qxpehu lq wkh 50qrup
udqn udqn

PDWODE ixqfwlrqv pd| kdyh vlqjoh ru pxowlsoh rxwsxw dujxphqwv1 Iru h{dpsoh/
| @ hlj+D,/ ru vlpso| hlj+D,

surgxfhv d froxpq yhfwru frqwdlqlqj wkh hljhqydoxhv ri D zkloh
^X/G` @ hlj+D,

surgxfhv d pdwul{ X zkrvh froxpqv duh wkh hljhqyhfwruv ri D dqg d gldjrqdo pdwul{ G
zlwk wkh hljhqydoxhv ri D rq lwv gldjrqdo1 Wu| lw1
431 Frppdqg olqh hglwlqj dqg uhfdoo1

Wkh frppdqg olqh lq PDWODE fdq eh hdvlo| hglwhg1 Wkh fxuvru fdq eh srvlwlrqhg
zlwk wkh ohiw2uljkw duurzv dqg wkh Edfnvsdfh +ru Ghohwh, nh| xvhg wr ghohwh wkh fkdudfwhu
wr wkh ohiw ri wkh fxuvru1 Rwkhu hglwlqj ihdwxuhv duh dovr dydlodeoh1 Rq d SF wu| wkh Krph/
Hqg/ dqg Ghohwh nh|v> rq rwkhu v|vwhpv vhh khos fhglw ru w|sh fhglw1

D frqyhqlhqw ihdwxuh lv xvh ri wkh xs2grzq duurzv wr vfuroo wkurxjk wkh vwdfn ri suhylrxv
frppdqgv1 Rqh fdq/ wkhuhiruh/ uhfdoo d suhylrxv frppdqg olqh/ hglw lw/ dqg h{hfxwh wkh
uhylvhg frppdqg olqh1 Iru vpdoo urxwlqhv/ wklv lv pxfk pruh frqyhqlhqw wkdw xvlqj dq
P0�oh zklfk uhtxluhv prylqj ehwzhhq PDWODE dqg wkh hglwru +vhh vhfwlrqv 45 dqg 47,1
Iru h{dpsoh/ �rsfrxqwv +vhh vhfwlrq 48, iru frpsxwlqj wkh lqyhuvh ri pdwulfhv ri ydulrxv
vl}hv frxog eh frpsduhg e| uhshdwhgo| uhfdoolqj/ hglwlqj/ dqg h{hfxwlqj

d @ udqg+;,> iorsv+3,/ lqy+d,> iorsv
Li rqh zdqwhg wr frpsduh sorwv ri wkh ixqfwlrqv | @ vlqp{ dqg | @ vlqq{ rq wkh lqwhuydo
^3> 5�` iru ydulrxv p dqg q/ rqh pljkw gr wkh vdph iru wkh frppdqg olqh=

p@5> q@6> {@3=134=5-sl> |@vlq+p-{,> }@frv+q-{,> sorw+{/|/{/},

:



441 Vxepdwulfhv dqg frorq qrwdwlrq1
Yhfwruv dqg vxepdwulfhv duh riwhq xvhg lq PDWODE wr dfklhyh idluo| frpsoh{ gdwd

pdqlsxodwlrq h�hfwv1 _Frorq qrwdwlrq% +zklfk lv xvhg erwk wr jhqhudwh yhfwruv dqg uhihu0
hqfh vxepdwulfhv, dqg vxevfulswlqj e| yhfwruv duh nh|v wr h�flhqw pdqlsxodwlrq ri wkhvh
remhfwv1 Fuhdwlyh xvh ri wkhvh ihdwxuhv shuplwv rqh wr plqlpl}h wkh xvh ri orrsv +zklfk
vorzv PDWODE, dqg wr pdnh frgh vlpsoh dqg uhdgdeoh1 Vshfldo h�ruw vkrxog eh pdgh wr
ehfrph idploldu zlwk wkhp1

Wkh h{suhvvlrq 4=8 +phw hduolhu lq iru vwdwhphqwv, lv dfwxdoo| wkh urz yhfwru ^4 5 6
7 8`1 Wkh qxpehuv qhhg qrw eh lqwhjhuv qru wkh lqfuhphqw rqh1 Iru h{dpsoh/

315=315=415
jlyhv ^315/ 317/ 319/ 31;/ 413/ 415`/ dqg

8=04=4 jlyhv ^8 7 6 5 4`1
Wkh iroorzlqj vwdwhphqwv zloo/ iru h{dpsoh/ jhqhudwh d wdeoh ri vlqhv1 Wu| lw1

{ @ ^313=314=513` , >
| @ vlq+{,>
^{ |`

Qrwh wkdw vlqfh vlq rshudwhv hqwu|0zlvh/ lw surgxfhv d yhfwru | iurp wkh yhfwru {1
Wkh frorq qrwdwlrq fdq eh xvhg wr dffhvv vxepdwulfhv ri d pdwul{1 Iru h{dpsoh/

D+4=7/6, lv wkh froxpq yhfwru frqvlvwlqj ri wkh �uvw irxu hqwulhv ri wkh wklug froxpq
ri D1

D frorq e| lwvhoi ghqrwhv dq hqwluh urz ru froxpq=
D+=/6, lv wkh wklug froxpq ri D/ dqg D+4=7/=, lv wkh �uvw irxu urzv1

Duelwudu| lqwhjudo yhfwruv fdq eh xvhg dv vxevfulswv=
D+=/^5 7`, frqwdlqv dv froxpqv/ froxpqv 5 dqg 7 ri D1

Vxfk vxevfulswlqj fdq eh xvhg rq erwk vlghv ri dq dvvljqphqw vwdwhphqw=
D+=/^5 7 8`, @ E+=/4=6, uhsodfhv froxpqv 5/7/8 ri D zlwk wkh �uvw wkuhh froxpqv
ri E1 Qrwh wkdw wkh hqwluh dowhuhg pdwul{ D lv sulqwhg dqg dvvljqhg1 Wu| lw1

Froxpqv 5 dqg 7 ri D fdq eh pxowlsolhg rq wkh uljkw e| wkh 50e|05 pdwul{ ^4 5>6 7`=
D+=/^5/7`, @ D+=/^5/7`,-^4 5>6 7`

Rqfh djdlq/ wkh hqwluh dowhuhg pdwul{ lv sulqwhg dqg dvvljqhg1
Li { lv dq q0yhfwru/ zkdw lv wkh h�hfw ri wkh vwdwhphqw { @ {+q=04=4,B Wu| lw1
Wr dssuhfldwh wkh xvhixoqhvv ri wkhvh ihdwxuhv/ frpsduh wkhvh PDWODE vwdwhphqwv

zlwk d Sdvfdo/ IRUWUDQ/ ru F urxwlqh wr h�hfw wkh vdph1
451 P0�ohv1

PDWODE fdq h{hfxwh d vhtxhqfh ri vwdwhphqwv vwruhg rq glvn�ohv1 Vxfk �ohv duh fdoohg
_P0�ohv% ehfdxvh wkh| pxvw kdyh wkh �oh w|sh ri _1p% dv wkh odvw sduw ri wkhlu �ohqdph1
Pxfk ri |rxu zrun zlwk PDWODE zloo eh lq fuhdwlqj dqg uh�qlqj P0�ohv1

Wkhuh duh wzr w|shv ri P0�ohv= vfulsw �ohv dqg ixqfwlrq �ohv1
;



Vfulsw �ohv1 D vfulsw �oh frqvlvwv ri d vhtxhqfh ri qrupdo PDWODE vwdwhphqwv1 Li wkh
�oh kdv wkh �ohqdph/ vd|/ urwdwh1p/ wkhq wkh PDWODE frppdqg urwdwh zloo fdxvh wkh
vwdwhphqwv lq wkh �oh wr eh h{hfxwhg1 Yduldeohv lq d vfulsw �oh duh joredo dqg zloo fkdqjh wkh
ydoxh ri yduldeohv ri wkh vdph qdph lq wkh hqylurqphqw ri wkh fxuuhqw PDWODE vhvvlrq1

Vfulsw �ohv duh riwhq xvhg wr hqwhu gdwd lqwr d odujh pdwul{> lq vxfk d �oh/ hqwu| huuruv
fdq eh hdvlo| hglwhg rxw1 Li/ iru h{dpsoh/ rqh hqwhuv lq d glvn�oh gdwd1p

D @ ^
4 5 6 7
8 9 : ;
`>

wkhq wkh PDWODE vwdwhphqw gdwd zloo fdxvh wkh dvvljqphqw jlyhq lq gdwd1p wr eh fduulhg
rxw1

Dq P0�oh fdq uhihuhqfh rwkhu P0�ohv/ lqfoxglqj uhihuhqflqj lwvhoi uhfxuvlyho|1
Ixqfwlrq �ohv1 Ixqfwlrq �ohv surylgh h{whqvlelolw| wr PDWODE1 \rx fdq fuhdwh qhz

ixqfwlrqv vshfl�f wr |rxu sureohp zklfk zloo wkhq kdyh wkh vdph vwdwxv dv rwkhu PDWODE
ixqfwlrqv1 Yduldeohv lq d ixqfwlrq �oh duh e| ghidxow orfdo1 Krzhyhu/ yhuvlrq 713 shuplwv d
yduldeoh wr eh ghfoduhg joredo1

Zh �uvw looxvwudwh zlwk d vlpsoh h{dpsoh ri d ixqfwlrq �oh1
ixqfwlrq d @ udqglqw+p/q,
(UDQGLQW Udqgrpo| jhqhudwhg lqwhjudo pdwul{1
( udqglqw+p/q, uhwxuqv dq p0e|0q vxfk pdwul{ zlwk hqwulhv
( ehwzhhq 3 dqg <1
d @ iorru+43-udqg+p/q,,>

D pruh jhqhudo yhuvlrq ri wklv ixqfwlrq lv wkh iroorzlqj=
ixqfwlrq d @ udqglqw+p/q/d/e,
(UDQGLQW Udqgrpo| jhqhudwhg lqwhjudo pdwul{1
( udqglqw+p/q, uhwxuqv dq p0e|0q vxfk pdwul{ zlwk hqwulhv
( ehwzhhq 3 dqg <1
( udqg+p/q/d/e, uhwxuq hqwulhv ehwzhhq lqwhjhuv d dqg e1
li qdujlq ? 6/ d @ 3> e @ <> hqg
d @ iorru++e0d.4,-udqg+p/q,, . d>

Wklv vkrxog eh sodfhg lq d glvn�oh zlwk �ohqdph udqglqw1p +fruuhvsrqglqj wr wkh ixqfwlrq
qdph,1 Wkh �uvw olqh ghfoduhv wkh ixqfwlrq qdph/ lqsxw dujxphqwv/ dqg rxwsxw dujxphqwv>
zlwkrxw wklv olqh wkh �oh zrxog eh d vfulsw �oh1 Wkhq d PDWODE vwdwhphqw
} @ udqglqw+7/8,/ iru h{dpsoh/ zloo fdxvh wkh qxpehuv 7 dqg 8 wr eh sdvvhg wr wkh
yduldeohv p dqg p lq wkh ixqfwlrq �oh zlwk wkh rxwsxw uhvxow ehlqj sdvvhg rxw wr wkh
yduldeoh }1 Vlqfh yduldeohv lq d ixqfwlrq �oh duh orfdo/ wkhlu qdphv duh lqghshqghqw ri wkrvh
lq wkh fxuuhqw PDWODE hqylurqphqw1

Qrwh wkdw xvh ri qdujlq +_qxpehu ri lqsxw dujxphqwv%, shuplwv rqh wr vhw d ghidxow
ydoxh ri dq rplwwhg lqsxw yduldeoh�vxfk dv d dqg e lq wkh h{dpsoh1

<



D ixqfwlrq pd| dovr kdyh pxowlsoh rxwsxw dujxphqwv1 Iru h{dpsoh=
ixqfwlrq ^phdq/ vwghy` @ vwdw+{,
( VWDW Phdq dqg vwdqgdug ghyldwlrq
( Iru d yhfwru {/ vwdw+{, uhwxuqv wkh
( phdq dqg vwdqgdug ghyldwlrq ri {1
( Iru d pdwul{ {/ vwdw+{, uhwxuqv wzr urz yhfwruv frqwdlqlqj/
( uhvshfwlyho|/ wkh phdq dqg vwdqgdug ghyldwlrq ri hdfk froxpq1
^p q` @ vl}h+{,>
li p @@ 4

p @ q> ( kdqgoh fdvh ri d urz yhfwru
hqg
phdq @ vxp+{,2p>
vwghy @ vtuw+vxp+{1e 5,2p 0 phdq1e 5,>

Rqfh wklv lv sodfhg lq d glvn�oh vwdw1p/ d PDWODE frppdqg ^{p/ {g` @ vwdw+{,/ iru
h{dpsoh/ zloo dvvljq wkh phdq dqg vwdqgdug ghyldwlrq ri wkh hqwulhv lq wkh yhfwru { wr
{p dqg {g/ uhvshfwlyho|1 Vlqjoh dvvljqphqwv fdq dovr eh pdgh zlwk d ixqfwlrq kdylqj
pxowlsoh rxwsxw dujxphqwv1 Iru h{dpsoh/ {p @ vwdw+{, +qr eudfnhwv qhhghg durxqg {p,
zloo dvvljq wkh phdq ri { wr {p1

Wkh ( v|pero lqglfdwhv wkdw wkh uhvw ri wkh olqh lv d frpphqw> PDWODE zloo ljqruh
wkh uhvw ri wkh olqh1 Krzhyhu/ wkh �uvw ihz frpphqw olqhv/ zklfk grfxphqw wkh P0�oh/ duh
dydlodeoh wr wkh rq0olqh khos idflolw| dqg zloo eh glvsod|hg li/ iru h{dpsoh/ khos vwdw lv
hqwhuhg1 Vxfk grfxphqwdwlrq vkrxog dozd|v eh lqfoxghg lq d ixqfwlrq �oh1

Wklv ixqfwlrq looxvwudwhv vrph ri wkh PDWODE ihdwxuhv wkdw fdq eh xvhg wr surgxfh
h�flhqw frgh1 Qrwh/ iru h{dpsoh/ wkdw {1e 5 lv wkh pdwul{ ri vtxduhv ri wkh hqwulhv ri {/
wkdw vxp lv d yhfwru ixqfwlrq +vhfwlrq ;,/ wkdw vtuw lv d vfdodu ixqfwlrq +vhfwlrq :,/ dqg
wkdw wkh glylvlrq lq vxp+{,2p lv d pdwul{0vfdodu rshudwlrq1

Wkh iroorzlqj ixqfwlrq/ zklfk jlyhv wkh juhdwhvw frpprq glylvru ri wzr lqwhjhuv yld
wkh Hxfolghdq dojrulwkp/ looxvwudwhv wkh xvh ri dq huuru phvvdjh +vhh wkh qh{w vhfwlrq,1

ixqfwlrq d @ jfg+d/e,
( JFG Juhdwhvw frpprq glylvru
( jfg+d/e, lv wkh juhdwhvw frpprq glylvru ri
( wkh lqwhjhuv d dqg e/ qrw erwk }hur1
d @ urxqg+dev+d,,> e @ urxqg+dev+e,,>
li d @@ 3 ) e @@ 3

huuru+*Wkh jfg lv qrw ghilqhg zkhq erwk qxpehuv duh }hur*,
hovh

zkloh e �@ 3
u @ uhp+d/e,>
d @ e> e @ u>

hqg
hqg
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Vrph pruh dgydqfhg ihdwxuhv duh looxvwudwhg e| wkh iroorzlqj ixqfwlrq1 Dv qrwhg hduolhu/
vrph ri wkh lqsxw dujxphqwv ri d ixqfwlrq�vxfk dv wro lq wkh h{dpsoh/ pd| eh pdgh
rswlrqdo wkurxjk xvh ri qdujlq +_qxpehu ri lqsxw dujxphqwv%,1 Wkh yduldeoh qdujrxw
fdq eh vlploduo| xvhg1 Qrwh wkdw wkh idfw wkdw d uhodwlrq lv d qxpehu +4 zkhq wuxh> 3 zkhq
idovh, lv xvhg dqg wkdw/ zkhq zkloh ru li hydoxdwhv d uhodwlrq/ _qrq}hur% phdqv _wuxh%
dqg 3 phdqv _idovh%1 Ilqdoo|/ wkh PDWODE ixqfwlrq ihydo shuplwv rqh wr kdyh dv dq
lqsxw yduldeoh d vwulqj qdplqj dqrwkhu ixqfwlrq1

ixqfwlrq ^e/ vwhsv` @ elvhfw+ixq/ {/ wro,
(ELVHFW ]hur ri d ixqfwlrq ri rqh yduldeoh yld wkh elvhfwlrq phwkrg1
( elvhfw+ixq/{, uhwxuqv d }hur ri wkh ixqfwlrq1 ixq lv d vwulqj
( frqwdlqlqj wkh qdph ri d uhdo0ydoxhg ixqfwlrq ri d vlqjoh
( uhdo yduldeoh> ruglqdulo| ixqfwlrqv duh ghilqhg lq P0ilohv1
( { lv d vwduwlqj jxhvv1 Wkh ydoxh uhwxuqhg lv qhdu d srlqw
( zkhuh ixq fkdqjhv vljq1 Iru h{dpsoh/
( elvhfw+*vlq*/6, lv sl1 Qrwh wkh txrwhv durxqg vlq1
(
( Dq rswlrqdo wklug lqsxw dujxphqw vhwv d wrohuhqfh iru wkh
( uhodwlyh dffxudf| ri wkh uhvxow1 Wkh ghidxow lv hsv1
( Dq rswlrqdo vhfrqg rxwsxw dujxphqw jlyhv d pdwul{ frqwdlqlqj d
( wudfh ri wkh vwhsv> wkh urzv duh ri irup ^f i+f,`1

( Lqlwldol}dwlrq
li qdujlq ? 6/ wro @ hsv> hqg
wudfh @ +qdujrxw @@ 5,>
li { �@ 3/ g{ @ {253> hovh/ g{ @ 4253> hqg
d @ { 0 g{> id @ ihydo+ixq/d,>
e @ { . g{> ie @ ihydo+ixq/e,>

( Ilqg fkdqjh ri vljq1
zkloh +id A 3, @@ +ie A 3,

g{ @ 513-g{>
d @ { 0 g{> id @ ihydo+ixq/d,>
li +id A 3, �@ +ie A 3,/ euhdn/ hqg
e @ { . g{> ie @ ihydo+ixq/e,>

hqg
li wudfh/ vwhsv @ ^d id> e ie`> hqg

( Pdlq orrs
zkloh dev+e 0 d, A 513-wro-pd{+dev+e,/413,

f @ d . 318-+e 0 d,> if @ ihydo+ixq/f,>
li wudfh/ vwhsv @ ^vwhsv> ^f if``> hqg
li +ie A 3, @@ +if A 3,

e @ f> ie @ if>
hovh
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d @ f> id @ if>
hqg

hqg
Vrph ri PDWODE*v ixqfwlrqv duh exlow0lq zkloh rwkhuv duh glvwulexwhg dv P0�ohv1 Wkh

dfwxdo olvwlqj ri dq| P0�oh�PDWODE*v ru |rxu rzq�fdq eh ylhzhg zlwk wkh PDWODE
frppdqg w|sh ixqfwlrqqdph1 Wu| hqwhulqj w|sh hlj/ w|sh ydqghu/ dqg w|sh udqn1
461 Wh{w vwulqjv/ huuru phvvdjhv/ lqsxw1

Wh{w vwulqjv duh hqwhuhg lqwr PDWODE vxuurxqghg e| vlqjoh txrwhv1 Iru h{dpsoh/
v @ *Wklv lv d whvw*

dvvljqv wkh jlyhq wh{w vwulqj wr wkh yduldeoh v1
Wh{w vwulqjv fdq eh glvsod|hg zlwk wkh ixqfwlrq glvs1 Iru h{dpsoh=

glvs+*wklv phvvdjh lv khuhe| glvsod|hg*,
Huuru phvvdjhv duh ehvw glvsod|hg zlwk wkh ixqfwlrq huuru

huuru+*Vruu|/ wkh pdwul{ pxvw eh v|pphwulf*,
vlqfh zkhq sodfhg lq dq P0Iloh/ lw fdxvhv h{hfxwlrq wr h{lw wkh P0�oh1

Lq dq P0�oh wkh xvhu fdq eh surpswhg wr lqwhudfwlyho| hqwhu lqsxw gdwd zlwk wkh ixqfwlrq
lqsxw1 Zkhq/ iru h{dpsoh/ wkh vwdwhphqw

lwhu @ lqsxw+*Hqwhu wkh qxpehu ri lwhudwlrqv= *,
lv hqfrxqwhuhg/ wkh surpsw phvvdjh lv glvsod|hg dqg h{hfxwlrq sdxvhv zkloh wkh xvhu nh|v
lq wkh lqsxw gdwd1 Xsrq suhvvlqj wkh uhwxuq nh|/ wkh gdwd lv dvvljqhg wr wkh yduldeoh lwhu
dqg h{hfxwlrq uhvxphv1
471 Pdqdjlqj P0�ohv1

Zkloh xvlqj PDWODE rqh iuhtxhqwo| zlvkhv wr fuhdwh ru hglw dq P0�oh dqg wkhq uhwxuq
wr PDWODE1 Rqh zlvkhv wr nhhs PDWODE dfwlyh zkloh hglwlqj d �oh vlqfh rwkhuzlvh doo
yduldeohv zrxog eh orvw xsrq h{lwlqj1

Wklv fdq eh hdvlo| grqh xvlqj wkh $0ihdwxuh1 Li/ zkloh lq PDWODE/ |rx suhfhgh lw zlwk
dq $/ dq| v|vwhp frppdqg�vxfk dv wkrvh iru hglwlqj/ sulqwlqj/ ru frs|lqj d �oh�fdq eh
h{hfxwhg zlwkrxw h{lwlqj PDWODE1 Li/ iru h{dpsoh/ wkh v|vwhp frppdqg hg dffhvvhv |rxu
hglwru/ wkh PDWODE frppdqg

AA $hg urwdwh1p
zloo ohw |rx hglw wkh �oh qdphg urwdwh1p xvlqj |rxu orfdo hglwru1 Xsrq ohdylqj wkh hglwru/
|rx zloo eh uhwxuqhg wr PDWODE mxvw zkhuh |rx ohiw lw1

Dv qrwhg lq vhfwlrq 4/ rq v|vwhpv shuplwwlqj pxowlsoh surfhvvhv/ vxfk dv rqh uxqqlqj
Xql{/ lw pd| eh suhihudeoh wr nhhs erwk PDWODE dqg |rxu orfdo hglwru dfwlyh/ nhhslqj
rqh surfhvv vxvshqghg zkloh zrunlqj lq wkh rwkhu1 Li wkhvh surfhvvhv fdq eh uxq lq pxowlsoh
zlqgrzv/ dv rq d zrunvwdwlrq/ |rx zloo zdqw wr nhhs PDWODE dfwlyh lq rqh zlqgrz dqg
|rxu hglwru dfwlyh lq dqrwkhu1

\rx pd| frqvxow |rxu lqvwuxfwru ru |rxu orfdo frpsxwlqj fhqwhu iru ghwdlov ri wkh orfdo
lqvwdoodwlrq1
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Yhuvlrq 713 kdv pdq| gheexjjlqj wrrov1 Vhh khos gew|sh dqg uhihuhqfhv jlyhq wkhuh1
Zkhq lq PDWODE/ wkh frppdqg glu zloo olvw wkh frqwhqwv ri wkh fxuuhqw gluhfwru|

zkloh wkh frppdqg zkdw zloo olvw rqo| wkh P0�ohv lq wkh gluhfwru|1 Wkh PDWODE frp0
pdqgv ghohwh dqg w|sh fdq eh xvhg wr ghohwh d glvn�oh dqg sulqw d �oh wr wkh vfuhhq/
uhvshfwlyho|/ dqg fkglu fdq eh xvhg wr fkdqjh wkh zrunlqj gluhfwru|1 Zkloh wkhvh frp0
pdqgv pd| gxsolfdwh v|vwhp frppdqgv/ wkh| dyrlg wkh xvh ri dq $1

P0�ohv pxvw eh dffhvvleoh wr PDWODE1 Rq prvw pdlqiudph ru zrunvwdwlrq qhwzrun
lqvwdoodwlrqv/ shuvrqdo P0�ohv zklfk duh vwruhg lq d vxegluhfwru| ri rqh*v krph gluhfwru|
qdphg pdwode zloo eh dffhvvleoh wr PDWODE iurp dq| gluhfwru| lq zklfk rqh lv zrunlqj1
Vhh wkh glvfxvvlrq ri PDWODESDWK lq wkh Xvhu*v Jxlgh iru ixuwkhu lqirupdwlrq1
481 Frpsdulqj h�flhqf| ri dojrulwkpv= �rsv dqg hwlph1

Wzr phdvxuhv ri wkh h�flhqf| ri dq dojrulwkp duh wkh qxpehu ri �rdwlqj srlqw rshu0
dwlrqv +�rsv, shuiruphg dqg wkh hodsvhg wlph1

Wkh PDWODE ixqfwlrq iorsv nhhsv d uxqqlqj wrwdo ri wkh �rsv shuiruphg1 Wkh
frppdqg iorsv+3, +qrw iorsv @ 3$, zloo uhvhw �rsv wr 31 Khqfh/ hqwhulqj iorsv+3,
lpphgldwho| ehiruh h{hfxwlqj dq dojrulwkp dqg iorsv lpphgldwho| diwhu jlyhv wkh �rs
frxqw iru wkh dojrulwkp1

Wkh PDWODE ixqfwlrq forfn jlyhv wkh fxuuhqw wlph dffxudwh wr d kxqguhwk ri d vhfrqg
+vhh khos forfn,1 Jlyhq wzr vxfk wlphv w4 dqg w5/ hwlph+w5/w4, jlyhv wkh hodsvhg wlph
iurp w4 wr w51 Rqh fdq/ iru h{dpsoh/ phdvxuh wkh wlph uhtxluhg wr vroyh d jlyhq olqhdu
v|vwhp D{ @ e xvlqj Jdxvvldq holplqdwlrq dv iroorzv=

w @ forfn> { @ Dqe> wlph @ hwlph+forfn/w,
\rx pd| zlvk wr frpsduh wklv wlph�dqg �rs frxqw�zlwk wkdw iru vroylqj wkh v|vwhp
xvlqj { @ lqy+D,-e>1 Wu| lw1 Yhuvlrq 713 kdv wkh pruh frqyhqlhqw wlf dqg wrf1

Lw vkrxog eh qrwhg wkdw/ rq wlphvkdulqj pdfklqhv/ hwlph pd| qrw eh d uholdeoh phdvxuh
ri wkh h�flhqf| ri dq dojrulwkp vlqfh wkh udwh ri h{hfxwlrq ghshqgv rq krz exv| wkh
frpsxwhu lv dw wkh wlph1
491 Rxwsxw irupdw1

Zkloh doo frpsxwdwlrqv lq PDWODE duh shuiruphg lq grxeoh suhflvlrq/ wkh irupdw ri
wkh glvsod|hg rxwsxw fdq eh frqwuroohg e| wkh iroorzlqj frppdqgv1

irupdw vkruw �{hg srlqw zlwk 7 ghflpdo sodfhv +wkh ghidxow,
irupdw orqj �{hg srlqw zlwk 47 ghflpdo sodfhv
irupdw vkruw h vflhqwl�f qrwdwlrq zlwk 7 ghflpdo sodfhv
irupdw orqj h vflhqwl�f qrwdwlrq zlwk 48 ghflpdo sodfhv

Rqfh lqyrnhg/ wkh fkrvhq irupdw uhpdlqv lq h�hfw xqwlo fkdqjhg1
Wkh frppdqg irupdw frpsdfw zloo vxssuhvv prvw eodqn olqhv doorzlqj pruh lqirupd0

wlrq wr eh sodfhg rq wkh vfuhhq ru sdjh1 Lw lv lqghshqghqw ri wkh rwkhu irupdw frppdqgv1
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4:1 Kdugfrs|1
Kdugfrs| lv prvw hdvlo| rewdlqhg zlwk wkh gldu| frppdqg1 Wkh frppdqg

gldu| �ohqdph
fdxvhv zkdw dsshduv vxevhtxhqwo| rq wkh vfuhhq +h{fhsw judsklfv, wr eh zulwwhq wr wkh
qdphg glvn�oh +li wkh �ohqdph lv rplwwhg lw zloo eh zulwwhq wr d ghidxow �oh qdphg gldu|,
xqwlo rqh jlyhv wkh frppdqg gldu| rii> wkh frppdqg gldu| rq zloo fdxvh zulwlqj wr
wkh �oh wr uhvxph/ hwf1 Zkhq �qlvkhg/ |rx fdq hglw wkh �oh dv ghvluhg dqg sulqw lw rxw rq
wkh orfdo v|vwhp1 Wkh $0ihdwxuh +vhh vhfwlrq 47, zloo shuplw |rx wr hglw dqg sulqw wkh �oh
zlwkrxw ohdylqj PDWODE1
4;1 Judsklfv1

PDWODE fdq surgxfh erwk sodqdu sorwv dqg 60G phvk vxuidfh sorwv1 Wr suhylhz vrph
ri wkhvh fdsdelolwlhv lq yhuvlrq 618/ hqwhu wkh frppdqg sorwghpr1

Sodqdu sorwv1 Wkh sorw frppdqg fuhdwhv olqhdu {0| sorwv> li { dqg | duh yhfwruv ri
wkh vdph ohqjwk/ wkh frppdqg sorw+{/|, rshqv d judsklfv zlqgrz dqg gudzv dq {0| sorw
ri wkh hohphqwv ri { yhuvxv wkh hohphqwv ri |1 \rx fdq/ iru h{dpsoh/ gudz wkh judsk ri wkh
vlqh ixqfwlrq ryhu wkh lqwhuydo 07 wr 7 zlwk wkh iroorzlqj frppdqgv=

{ @ 07=134=7> | @ vlq+{,> sorw+{/|,
Wu| lw1 Wkh yhfwru { lv d sduwlwlrq ri wkh grpdlq zlwk phvkvl}h 3134 zkloh | lv d yhfwru
jlylqj wkh ydoxhv ri vlqh dw wkh qrghv ri wklv sduwlwlrq +uhfdoo wkdw vlq rshudwhv hqwu|zlvh,1

Zkhq lq wkh judsklfv vfuhhq/ suhvvlqj dq| nh| zloo uhwxuq |rx wr wkh frppdqg vfuhhq
zkloh wkh frppdqg vkj +vkrz judsk, zloo wkhq uhwxuq |rx wr wkh fxuuhqw judsklfv vfuhhq1
Li |rxu pdfklqh vxssruwv pxowlsoh zlqgrzv zlwk d vhsdudwh judsklfv zlqgrz/ |rx zloo zdqw
wr nhhs wkh judsklfv zlqgrz h{srvhg�exw pryhg wr wkh vlgh�dqg wkh frppdqg zlqgrz
dfwlyh1

Dv d vhfrqg h{dpsoh/ |rx fdq gudz wkh judsk ri | @ h - . / ryhu wkh lqwhuydo 0418 wr 418
dv iroorzv=

{ @ 0418=134=418> | @ h{s+0{1e 5,> sorw+{/|,
Qrwh wkdw rqh pxvw suhfhgh e e| d shulrg wr hqvxuh wkdw lw rshudwhv hqwu|zlvh +vhh vhfwlrq
6,1

Sorwv ri sdudphwulfdoo| gh�qhg fxuyhv fdq dovr eh pdgh1 Wu|/ iru h{dpsoh/
w@3=1334=5-sl> {@frv+6-w,> |@vlq+5-w,> sorw+{/|,

Wkh frppdqg julg zloo sodfh julg olqhv rq wkh fxuuhqw judsk1
Wkh judskv fdq eh jlyhq wlwohv/ d{hv odehohg/ dqg wh{w sodfhg zlwklq wkh judsk zlwk

wkh iroorzlqj frppdqgv zklfk wdnh d vwulqj dv dq dujxphqw1
wlwoh judsk wlwoh
{odeho {0d{lv odeho
|odeho |0d{lv odeho
jwh{w lqwhudfwlyho|0srvlwlrqhg wh{w
wh{w srvlwlrq wh{w dw vshfl�hg frruglqdwhv

Iru h{dpsoh/ wkh frppdqg
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wlwoh+*Ehvw Ohdvw Vtxduhv Ilw*,
jlyhv d judsk d wlwoh1 Wkh frppdqg jwh{w+*Wkh Vsrw*, doorzv d prxvh ru wkh duurz nh|v
wr srvlwlrq d furvvkdlu rq wkh judsk/ dw zklfk wkh wh{w zloo eh sodfhg zkhq dq| nh| lv
suhvvhg1

E| ghidxow/ wkh d{hv duh dxwr0vfdohg1 Wklv fdq eh ryhuulgghq e| wkh frppdqg d{lv1 Li
f @ ^{ 0 1 2 > { 3 4 5 > | 6 7 8 > | 6 9 5 ` lv d 70hohphqw yhfwru/ wkhq d{lv+f, vhwv wkh d{lv vfdolqj wr wkh
suhfulehg olplwv1 E| lwvhoi/ d{lv iuhh}hv wkh fxuuhqw vfdolqj iru vxevhtxhqw judskv> hqwhulqj
d{lv djdlq uhwxuqv wr dxwr0vfdolqj1 Wkh frppdqg d{lv+*vtxduh*, hqvxuhv wkdw wkh vdph
vfdoh lv xvhg rq erwk d{hv1 Lq yhuvlrq 713/ d{lv kdv ehhq vljql�fdqwo| fkdqjhg> vhh khos
d{lv1

Wzr zd|v wr pdnh pxowlsoh sorwv rq d vlqjoh judsk duh looxvwudwhg e|
{@3=134=5-sl>|4@vlq+{,>|5@vlq+5-{,>|6@vlq+7-{,>sorw+{/|4/{/|5/{/|6,

dqg e| iruplqj d pdwul{ \ frqwdlqlqj wkh ixqfwlrqdo ydoxhv dv froxpqv
{@3=134=5-sl> \@^vlq+{,*/ vlq+5-{,*/ vlq+7-{,*`> sorw+{/\,

Dqrwkhu zd| lv zlwk krog1 Wkh frppdqg krog iuhh}hv wkh fxuuhqw judsklfv vfuhhq vr wkdw
vxevhtxhqw sorwv duh vxshulpsrvhg rq lw1 Hqwhulqj krog djdlq uhohdvhv wkh _krog1% Wkh
frppdqgv krog rq dqg krog rii duh dovr dydlodeoh lq yhuvlrq 7131

Rqh fdq ryhuulgh wkh ghidxow olqhw|shv dqg srlqww|shv1 Iru h{dpsoh/
{@3=134=5-sl> |4@vlq+{,> |5@vlq+5-{,> |6@vlq+7-{,>
sorw+{/|4/*00*/{/|5/*=*/{/|6/*.*,

uhqghuv d gdvkhg olqh dqg grwwhg olqh iru wkh �uvw wzr judskv zkloh iru wkh wklug wkh v|pero
. lv sodfhg dw hdfk qrgh1 Wkh olqh0 dqg pdun0w|shv duh

Olqhw|shv= vrolg +0,/ gdvkhg +00,1 grwwhg +=,/ gdvkgrw +01,
Pdunw|shv= srlqw +1,/ soxv +.,/ vwdu +-,/ flufoh +r,/ {0pdun +{,

Vhh khos sorw iru olqh dqg pdun froruv1
Wkh frppdqg vxesorw fdq eh xvhg wr sduwlwlrq wkh vfuhhq vr wkdw xs wr irxu sorwv fdq

eh ylhzhg vlpxowdqhrxvo|1 Vhh khos vxesorw1
Judsklfv kdugfrs| : 1 D kdugfrs| ri wkh judsklfv vfuhhq fdq eh prvw hdvlo| rewdlqhg

zlwk wkh PDWODE frppdqg sulqw1 Lw zloo vhqg d kljk0uhvroxwlrq frs| ri wkh fxuuhqw
judsklfv vfuhhq wr wkh sulqwhu/ sodflqj wkh judsk rq wkh wrs kdoi ri wkh sdjh1

Lq yhuvlrq 713 wkh phwd dqg jss frppdqgv ghvfulehg ehorz kdyh ehhq devruehg lqwr
wkh sulqw frppdqg1 Vhh khos sulqw1

Surgxflqj xql�hg kdug frs| ri vhyhudo sorwv uhtxluhv pruh h�ruw1 Wkh Pdwode frppdqg
phwd �ohqdph vwruhv wkh fxuuhqw judsklfv vfuhhq lq d �oh qdphg �ohqdph1phw +d _phwd�oh%,
lq wkh fxuuhqw gluhfwru|1 Vxevhtxhqw phwd +qr �ohqdph, frppdqgv dsshqg d qhz fxuuhqw
judsklfv vfuhhq wr wkh suhylrxvo| qdphg phwd�oh1 Wklv phwd�oh�zklfk pd| qrz frqwdlq
vhyhudo sorwv�pd| eh surfhvvhg odwhu zlwk wkh judsklfv srvw0surfhvvru +JSS, surjudp wr
surgxfh kljk0uhvroxwlrq kdugfrs|/ wzr sorwv shu sdjh1

: Wkh ihdwxuhv ghvfulehg lq wklv vxevhfwlrq duh qrw dydlodeoh zlwk wkh Vwxghqw Hglwlrq ri
Pdwode1 Judsklfv kdugfrs| fdq eh rewdlqhg wkhuh rqo| zlwk d vfuhhq gxps= Vkliw0SuwVfu1
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Wkh surjudp JSS +judsklfv srvw0surfhvvru, lv d v|vwhp frppdqg/ qrw d PDWODE
frppdqg1 Krzhyhu/ lq sudfwlfh lw lv xvxdoo| lqyronhg iurp zlwklq PDWODE xvlqj wkh %$%
ihdwxuh +vhh vhfwlrq 47,1 Lw dfwv rq d ghylfh0lqghshqghqw phwd�oh wr surgxfh dq rxwsxw �oh
dssursuldwh iru pdq| gl�huhqw kdugfrs| ghylfhv1

Wkh vhohfwlrq ri wkh vshfl�f kdugfrs| ghylfh lv pdgh zlwk wkh rswlrq nh| %2g%1 Iru
h{dpsoh/ wkh v|vwhp frppdqgv

jss ilohqdph 2gsv
jss ilohqdph 2gmhw

zloo surgxfh �ohv ilohqdph1sv dqg ilohqdph1mhw vxlwdeoh iru sulqwlqj rq/ uhvshfwlyho|/
SrvwVfulsw dqg KS OdvhuMhw sulqwhuv1 Wkh| fdq eh sulqwhg xvlqj wkh xvxdo sulqwlqj frp0
pdqg iru wkh orfdo v|vwhp�iru h{dpsoh/ osu ilohqdph1sv rq d Xql{ v|vwhp1 Hqwhulqj
wkh v|vwhp frppdqg jss zlwk qr dujxphqwv jlyhv d olvw ri doo vxssruwhg kdugfrs| gh0
ylfhv1 Rq d SF/ prvw ri wklv fdq eh dxwrpdwhg e| dssursuldwho| hglwlqj wkh �oh jss1edw
glvwulexwhg zlwk PDWODE1

60G phvk sorwv1 Wkuhh glphqvlrqdo phvk vxuidfh sorwv duh gudzq zlwk wkh ixqfwlrq
phvk1 Wkh frppdqg phvk+}, fuhdwhv d wkuhh0glphqvlrqdo shuvshfwlyh sorw ri wkh hohphqwv
ri wkh pdwul{ }1 Wkh phvk vxuidfh lv gh�qhg e| wkh }0frruglqdwhv ri srlqwv deryh d
uhfwdqjxodu julg lq wkh {0| sodqh1 Wu| phvk+h|h+43,,1

Wr gudz wkh judsk ri d ixqfwlrq } @ i+{> |, ryhu d uhfwdqjoh/ rqh �uvw gh�qhv yhfwruv
{{ dqg || zklfk jlyh sduwlwlrqv ri wkh vlghv ri wkh uhfwdqjoh1 Zlwk wkh ixqfwlrq phvkgrp
+phvk grpdlq> fdoohg phvkjulg lq yhuvlrq 713, rqh wkhq fuhdwhv d pdwul{ {/ hdfk urz ri
zklfk htxdov {{ dqg zkrvh froxpq ohqjwk lv wkh ohqjwk ri ||/ dqg vlploduo| d pdwul{ |/
hdfk froxpq ri zklfk htxdov ||/ dv iroorzv=

^{/|` @ phvkgrp+{{/||,>
Rqh wkhq frpsxwhv d pdwul{ }/ rewdlqhg e| hydoxdwlqj i hqwu|zlvh ryhu wkh pdwulfhv {
dqg |/ wr zklfk phvk fdq eh dssolhg1

\rx fdq/ iru h{dpsoh/ gudz wkh judsk ri } @ h ; < = ; > ? ryhu wkh vtxduh ^�5> 5`� ^�5> 5`
dv iroorzv +wu| lw,=

{{ @ 05=14=5>
|| @ {{>
^{/|` @ phvkgrp+{{/||,>
} @ h{s+0{1e 5 0 |1e 5,>
phvk+},

Rqh frxog/ ri frxuvh/ uhsodfh wkh �uvw wkuhh olqhv ri wkh suhfhglqj zlwk
^{/|` @ phvkgrp+05=14=5/ 05=14=5,>

\rx duh uhihuuhg wr wkh Xvhu*v Jxlgh iru ixuwkhu ghwdlov uhjduglqj phvk1
Lq yhuvlrq 713/ wkh 60G judsklfv fdsdelolwlhv ri PDWODE kdyh ehhq frqvlghudeo| h{0

sdqghg1 Frqvxow wkh rq0olqh khos iru sorw6/ phvk/ dqg vxui1
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4<1 Uhihuhqfh1
Wkhuh duh pdq| PDWODE ihdwxuhv zklfk fdqqrw eh lqfoxghg lq wkhvh lqwurgxfwru|

qrwhv1 Olvwhg ehorz duh vrph ri wkh PDWODE ixqfwlrqv dqg rshudwruv dydlodeoh/ jurxshg
e| vxemhfw duhd @ 1 Xvh wkh rq0olqh khos idflolw| ru frqvxow wkh Xvhu*v Jxlgh iru pruh ghwdlohg
lqirupdwlrq rq wkh ixqfwlrqv1

Wkhuh duh pdq| ixqfwlrqv eh|rqg wkhvh1 Wkhuh h{lvw/ lq sduwlfxodu/ vhyhudo _wrroer{hv%
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