
4 Zrunvkhhw ;= Pdjqhwlf Ilhog ri d Ulqj

Lq wklv zrunvkhhw |rx zloo xvh Pdwkhpdwlfd dqg Iruwudq wr fdofxodwh wkh
pdjqhwrvwdwlf �hog ri d fxuuhqw0fduu|lqj ulqj e| qxphulfdoo| lqwhjudwlqj wkh
Elr0Vdyduw odz1 \rx zloo qhhg wr gr wkh exon ri wkh fdofxodwlrq lq erwk
Pdwkhpdwlfd dqg Iruwudq/ dqg |rx zloo kdyh wzr zhhnv wr frpsohwh wklv
zrunvkhhw1 Wkhuh zloo eh qr qhz Iruwudq pdwhuldo lq wklv zrunvkhhw/ dqg
dv xvxdo Pdwkhpdwlfd*v rq0olqh khos zloo eh hqrxjk1 Pdnh vxuh |rx uhylhz
edvlf pdjqhwrvwdwlfv/ lq sduwlfxodu Elr0Vdyduw*v odz iru wkh pdjqhwlf �hog ri
d fxuuhqw0fduu|lqj zluh1

414 Sureohp Irupxodwlrq

Frqvlghu fxuuhqw U  rzlqj lq d flufxodu ulqj ri udglxv - ' � xqlw1 Dovr
dvvxph wkdw g '

� �
� � ' � lq wkhvh xqlwv1 Fkrrvh wkh ulqj vr wkdw lw lv

fhqwhuhg dw Efc fc f�/ dqg wkdw lw olhv lq wkh %+ sodqh1 Xvh wkh Elrw0Vdyduw
odz wr �qg wkh pdjqhwlf �hog gxh wr wklv fxuuhqw ulqj dw dq duelwudu| srlqw
E%c fc 5� lq wkh %5 sodqh +l1h1 d sodqh shushqglfxodu wr wkh sodqh ri wkh ulqj,1
Qrwh wkdw wklv jlyhv wkh �hog dw dq| srlqw vlqfh wkhuh lv f|olqgulfdo v|pphwu|
derxw wkh 5 d{lv1

D ihz uhplqghuv=
Wkh frqwulexwlrq iurp d vpdoo gluhfwhg hohphqw ri ohqjwk _O, ri d zluh

fduu|lqj d fxuuhqw U wr wkh pdjqhwlf �hog dw d srlqw Oo lv jlyhq e| Elr0Vdyduw*v
odz=

_ O� '
>U

eZ

_O, � Oo

o
� +4,

Wkxv/ wr �qg wkh wrwdo pdjqhwlf �hog dw d jlyhq srlqw Oo� � � � 	 ' E%c fc 5�
fdxvhg e| d fxuuhqw0fduu|lqj ulqj/ rqh qhhgv wr lqwhjudwh wkh h{suhvvlrq lq
htxdwlrq 4 +vhsdudwho| iru hdfk frpsrqhqw/ ri frxuvh, ryhu hohphqwv ri wkh
ulqj dw srvlwlrq Oo 
 � � 
 / Oo ' Oo� � � � � �Oo � � � � +gudz d �jxuh wr khos |rx xqghuvwdqg
wklv,1 Iru d xqlw0udglxv ulqj lq wkh %+ sodqh/ zh fdq wdnh wkh lqwhjudwlrq wr
eh ryhu wkh srodu dqjoh w/ vr wkdw Oo � � � � ' EULt wc t�? wc f�1 Dovr/ iru vxfk d

ulqj/ _O, ' E	5 � Oo � � � � � _w/ zkhuh 	5 lv wkh xqlw yhfwru lq wkh 5 gluhfwlrq +l1h1
shushqglfxodu wr wkh sodqh ri wkh ulqj,1

Qrz |rx kdyh doo wkh h{suhvvlrqv |rx qhhg wr zulwh grzq +lq d ihz olqhv

xvlqj Pdwkhpdwlfd�uhdg qh{w vhfwlrq li |rx zlvk, dq h{suhvvlrq jlylqj _O�

iurp wkh hohphqw ri zluh dw d srodu dqjoh w1 Wklv vkrxog kdyh wkh irup
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_O� ' O� �
� _w1 Vkrz |rxu h{suhvvlrq iru O� � wr |rxu surihvvru ru WD ehiruh

zrunlqj rq wkh uhvw ri wklv zrunvkhhw1 Wkhq/ wkh wrwdo pdjqhwlf �hog dw wkh
srlqw Oo� � � � � lv vlpso| wkh lqwhjudo=

O� '
� � 	
 � � O� 
 � _w +5,

415 Pdwkhpdwlfd Vroxwlrq

Xvlqj wkh deryh h{suhvvlrqv dqg wkh furvv0surgxfw ixqfwlrq Furvv �qg wkh
h{suhvvlrq iru O� � dv d ixqfwlrq ri %/ 5 dqg w1 Wkhq/ xvlqj wkh ixqfwlrq
Lqwhjudwh/ lqwhjudwh wklv h{suhvvlrq frpsrqhqw0e|0frpsrqhqw ryhu w '
dfc 2Zo wr rewdlq wkh h{suhvvlrq iru O�1 Wkhvh lqwhjudov duh vr fdoohg hools0
wlf lqwhjudov dqg Pdwkhpdwlfd fdq hydoxdwh wkhp1 Fkrrvh d vdpsoh srlqw/
iru h{dpsoh % ' f�� dqg 5 ' f�S/ dqg hydoxdwh wkh pdjqhwlf �hog dw wkdw
srlqw1

Lq pdq| fdvhv dq h{dfw lqwhjudo fdq qrw eh irxqg dqg rqh zrxog wkhq xvh
qxphulfdo lqwhjudwlrq +QLqwhjudwh,1 Wu| wklv dqg vhh li |rx jhw wkh vdph
uhvxow dv deryh1 Zklfk uhvxow kdg kljkhu suhflvlrqB Zklfk gr |rx wklqn zdv
hydoxdwhg idvwhuB

Qrz |rx fdq dovr sorw wkh pdjqhwlf �hog ri wklv ulqj lq wkh %5 sodqh dv d
yhfwru �hog1 Wklv vkrxog eh d vlqjoh olqh lq Pdwkhpdwlfd1

416 Iruwudq Vroxwlrq

41614 Wudsh}rlg0Uxoh iru Qxphulfdo Lqwhjudwlrq

Lw zdv sxuho| iruwxqdwh +gxh wr wkh uhodwlyho| vlpsoh jhrphwu|, wkdw wkh
lqwhjudov deryh frxog eh hydoxdwhg dqdo|wlfdoo|1 Lq prvw fdvhv wklv kdv gr
eh grqh qxphulfdoo|1 Iruwudq oleudulhv e| idu vxusdvv Pdwkhpdwlfd lq vshhg
zkhq lw frphv wr vxfk qxphulfdo pdqlsxodwlrqv/ exw wkh| duh qrw qhduo| dv
hdv| wr xvh1

Ehiruh zh dwwdfn wkh lqwhjudwlrq sureohp lq ht1 5/ zh qhhg wr jhqhudol}h
lw wr d vwdqgdug sureohp wkdw fdq eh dssolhg wr d ydulhw| ri sureohpv dqg
wkdw lv zhoo vwxglhg lq qxphulfdo dqdo|vlv/

U ' � �� sE%�_% +6,
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zkhuh sE%� lv pruh0ru0ohvv d zhoo ehkdyhg ixqfwlrq ri % lq d@c Ko1 Wkhuh
duh pdq| vr0fdoohg txdgudwxuh irupxodh iru qxphulfdoo| fdofxodwlqj U/ vxfk
dv Qhzwrq0Frwhv/ Jdxvv dqg Urpehuj txdgudwxuh1 D qlfh ghvnwrs uhihu0
hqfh iru wkhvh dqg pdq| rwkhu qxphulfdo dojrulwkpv lv �Qxphulfdo Uhfls0
lhv lq IRUWUDQ :: dqg Iruwudq <3�/ irxqg dw/ iru h{dpsoh/ kwws=22ole0
zzz1odqo1jry2qxphulfdo21

Wkh vlpsohvw/ |hw urexvw/ txdgudwxuh lv wkh wudsh}rlg0uxoh lqwhjudwlrq1 Lw
vwduwv e| vsolwwlqj wkh lqwhuydo d@c Ko lqwr � lqwhuydov ri htxdo ohqjwk � '

� � � � ��
zlwk srvlwlrqv % � ' @n ��/ f 	 � 	 � 1 Wkhq lw lv wuxh wkdw/

� �
	 sE%�_% � � 
 � �


� � � sE% � � n �

2
dsE@� n sEK�o n�E� � � +7,

zkhuh �E� � � ghqrwhv huuru ri rughu � � 1 Lw lv hdv| wr vhh wkdw lw lv qrw
dw doo gl!fxow wr frgh 7 lq Iruwudq1 Zulwh d ixqfwlrq/ vd| Wudsh}rlg/ wkdw
lqwhjudwhv d jlyhq ixqfwlrq sE%� rq d@c Ko1 Zh*yh kdg h{dpsohv ri sdvvlqj
surfhgxuhv dv dujxphqwv wr surfhgxuhv lq wkh judsklfv urxwlqhv/ dqg dowkrxjk
wklv lv qrw lq wkh pdqxdo/ lw*v qrw kdug wr xqghuvwdqg1 Doo rqh qhhgv wr gr lv
surylgh dq lqwhuidfh iru wkh surfhgxuh=

IXQFWLRQ Wudsh}rlg+i/d/e/Q, UHVXOW+L,

LQWHUIDFH

IXQFWLRQ i+{, UHVXOW+ib{, $ Ixqfwlrq wr eh lqwhjudwhg

UHDO/ LQWHQW+LQ, == {

UHDO == ib{

HQG IXQFWLRQ i

HQG LQWHUIDFH

UHDO/ LQWHQW+LQ, == d/e $ Wkh erxqgv

LQWHJHU/ LQWHQW+LQ, == Q

111

111Fdofxodwh L khuh xvlqj wudsh}rlg uxoh xvlqj i dqg d GR orrs111

111

HQG IXQFWLRQ Wudsh}rlg

Whvw wklv surfhgxuh rq vrph vlpsoh h{dpsoh |rx douhdg| nqrz wkh dqd0
o|wlfdo dqvzhu iru1 Qh{w zh ghvfuleh d uhdg|0pdgh txdgudwxuh oleudu|1 \rx
grq*w kdyh wr xvh lw/ exw lw lvq*w pxfk gl�huhqw iurp xvlqj Wudsh}rlg1
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41615 Dgydqfhg= Prgxoh QxphulfdobLqwhjudwlrq

Dv xvxdo/ zh pdgh d vlpsoh zudsshu urxwlqh iru qxphulfdo lqwhjudwlrq/ DgdswlyhLqwhjudo/
zklfk lq wxuq fdoov d uhdg|0pdgh dgdswlyh txdgudwxuh Iruwudq oleudu| wdnhq
iurp Dgdp Ploohu*v Iruwudq <3 zhevlwh1 Wkh ixqfwlrq lv lq wkh prgxoh
QxphulfdobLqwhjudwlrq/ zklfk lv lq rxu fodvv gluhfwru| dqg |rx pxvw XVH
lq |rxu surjudp1 Wklv ixqfwlrq dffhswv d xvhu ixqfwlrq i wr eh lqwhjudwhg
lq d jlyhq �qlwh udqjh ^d/e` dqg uhwxuqv wkh lqwhjudo wr zlwklq wkh ghvluhg
uhodwlyh ru devroxwh suhflvlrqv uhodwlyhbhuuru dqg devroxwhbhuuru +wkhvh
duh erwk rswlrqdo/ vr |rx grq*w qhhg wr vshfli| wkhp,1 Dq hvwlpdwh ri wkh
huuru lq wkh uhvxow lv uhwxuqhg lq wkh dujxphqw huurubhvwlpdwh/ dqg wkh
ixqfwlrq dovr uhwxuqv dq huuru vljqdo li wkh lqwhjudwlrq idlohg +wklv lv sodfhg
lq wkh prgxoh yduldeoh huurubiodj dqg |rx qhhg qrw zruu| derxw lw,

Wkh lqwhuidfh wr wklv ixqfwlrq dqg wkh prgxoh yduldeohv duh jlyhq khuh=

prgxoh QxphulfdobLqwhjudwlrq

xvh Suhflvlrq/ rqo|= zs $ zs@gs lq wkh prgxoh Suhflvlrq

xvh DgdswbTxdg $ Uhdg0pdgh oleudu|

sulydwh

sxeolf == DgdswlyhLqwhjudo $ Wkh pdlq urxwlqh

lqwhjhu/ vdyh/ sxeolf == huurubiodj@3 $ Dq huuru iodj +3 lv vxffhvv,

frqwdlqv

ixqfwlrq DgdswlyhLqwhjudo+i/d/e/huurubhvwlpdwh/ )

uhodwlyhbhuuru/devroxwhbhuuru, )

uhvxow+lqwhjudo,

$ i lv wkh ixqfwlrq zh zdqw wr lqwhjudwh=

lqwhuidfh

ixqfwlrq i+{, uhvxow+ib{,

xvh Suhflvlrq/ rqo|= zs

uhdo+nlqg@zs,/ lqwhqw+lq, == {

uhdo+nlqg@zs, == ib{

hqg ixqfwlrq i

hqg lqwhuidfh

uhdo+nlqg@zs,/ lqwhqw+lq, == d/e $ Wkh lqwhuydo ri lqwhjudwlrq

uhdo+nlqg@zs,/ lqwhqw+rxw, == huurubhvwlpdwh $ Hvwlpdwh ri huuru

$ Wkh ghvluhg huuruv +wkh| duh rswlrqdo,=
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uhdo+nlqg@zs,/ lqwhqw+lq,/ rswlrqdo == uhodwlyhbhuuru/devroxwhbhuuru

uhdo+nlqg@zs, == lqwhjudo $ Wkh uhvxow ri wkh lqwhjudwlrq

111

hqg ixqfwlrq DgdswlyhLqwhjudo

hqg prgxoh QxphulfdobLqwhjudwlrq

Lw lv lpsruwdqw wr srlqw wkdw lq wkh prgxoh Suhflvlrq lw lv gh�qhg wkdw
zs@gs/ vr |rx qhhg wr xvh grxeoh suhflvlrq lq |rxu pdlq surjudp dv zhoo +wklv
oleudu| rqo| fdph lq grxeoh suhflvlrq,1 Wkhuh zloo eh qr h{dpsohv jlyhq ri
krz wr fdoo wklv urxwlqh1 \rx vkrxog eh deoh wr uhdg wkh deryh vshfl�fdwlrqv
dqg fdoo wklv ixqfwlrq zlwkrxw dq| sureohpv1

41616 Wkh Prgxoh Ebwkhwd

Mxvw olnh wkh sorwwlqj urxwlqhv lq wkh IxqJudsklfv prgxoh/ wkh deryh lqwh0
judwlrq urxwlqh qhhgv wr eh vxssolhg zlwk d xvhu ixqfwlrq wr lqwhjudwh1 Lq
rxu fdvh/ wklv ixqfwlrq zloo eh uhodwhg wr O� � / vlqfh wklv lv wkh lqwhjudqg zh
qhhg wr lqwhjudwh1 Xvh wkh h{suhvvlrq wkdw Pdwkhpdwlfd jdyh |rx iru O� � wr
zulwh wzr ixqfwlrqv/ vd| gE{ dqg gE|/ wkdw kdyh wkh vdph lqwhuidfh dv wkh
ixqfwlrq i lq wkh urxwlqh DgdswlyhLqwhjudo +vhh deryh, dqg uhwxuq wkh %

dqg 5 frpsrqhqwv ri O� � uhvshfwlyho|1
Wkhvh zloo dffhsw w dv dq lqsxw dujxphqw +zk|B,/ exw zloo qhhg wr nqrz

wkh ydoxhv ri % dqg 51 E| sodflqj wkh urxwlqhv lq d prgxoh/ vd| Ebwkhwd/ dqg
pdnlqj % dqg 5 joredo sxeolf yduldeohv lq wklv prgxoh/ wkh pdlq surjudp
fdq vhw wkhvh ydoxhv +vd| wkh xvhu hqwhuv wkhp, ehiruh fdoolqj wkh urxwlqh
DgdswlyhLqwhjudo/ dqg doo vkrxog zrun zhoo1 Uh0uhdg wkh ghvfulswlrq ri wklv
phwkrgrorj| jlyhq lq wkh odvw zrunvkhhw vr |rx xqghuvwdqg krz lw zrunv1

Qrz frpsloh dqg uxq |rxu surjudp dqg hydoxdwh wkh pdjqhwlf �hog dw
wkh vdph srlqw dv |rx glg lq |rxuPdwkhpdwlfd zrunvkhhw1 Frpsduh wkh wzr
uhvxowv1

41617 Sorwwlqj wkh Pdjqhwlf Ilhog lq Iruwudq

Rqfh |rx pdnh wkh deryh zrun/ li |rx kdyh wlph dqg zloo/ |rx fdq sorw
wkh pdjqhwlf �hog iurp zlwklq Iruwudq xvlqj wkh IxqFrqwrxuSorw5G urxwlqh
iurp wkh odvw zrunvkhhw1 Li |rx zdqw vrph Iruwudq fkdoohqjh/ gr wklv dqg
zh zloo khos |rx1 Rqh wklqj wr fduu| lq plqg lv wkdw wkh sorwwlqj urxwlqhv
dffhsw rqo| vlqjoh suhflvlrq dujxphqwv/ zkloh wkh lqwhjudwlrq urxwlqhv deryh
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dffhsw rqo| grxeoh suhflvlrq yduldeohv1 Vr |rx qhhg wr eh pruh fduhixo wklv
wlph wkdq wkh xvxdo UHDO+NLQG@zs, lq doo ghfodudwlrqv1

\rx zloo jhw h{wud fuhglw dssolhg wrzdug |rxu �qdo h{dp li |rx gr wklv$

41618 Frpslolqj wkh Surjudp

Dv xvxdo/ wkh uhdg|0pdgh �ohv duh lq rxu fodvv gluhfwru|1 Ehiruh |rx frpsloh
|rxu frgh/ h{hfxwh=

& vrxufh 2fodvvhv2sk|5342Lqwhjudwlrq1lqlw

dqg wkhq dsshqg d 'DGTGyi<3 +vwdqgv iru dgdswlyh txdgudwxuh zlwk
YDVW i<3, wr hyhu| frpslodwlrq olqh1 Li |rx xvh wkh judsklfv prgxohv dv zhoo
vrxufh wkh �oh VlpsohJudsklfv1lqlw dv zhoo dqg dsshqg d 'GLVOLQyi<3 dv
zhoo1
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