
wiñi* çýhñit ð? �@|*@M

#@ñð_ úh?L*_
�@|ü DfçQ�ý*|ðñ@hð@M*i ç@*Uý*ýt

ïU|LMih �ec �bb.

úMt|h@U|

�@|*@M ðt ýti_ |L i T*Lhi |üi *iñi* Uýhñi UL?UiT| Lu uý?U|ðL?t 4@TTð?}
-2 ð?|L -ë

èhihi^ýðtð|itë 5L4i u@4ð*ð@hð|) êð|ü �@|*@M<t 2fpû{eð[ UL44@?_
ðt hi^ýðhi_ë +ý_ð4i?|@h) !?Lê*i_}i Lu �@|*@M<t i*i4i?| êðti LTih@|Lht
Eì6c ì"c ìuäë

W?|hL_ýU|ðL?

Ohw*v ehjlq zlwk d ghñqlwlrq1

Ghñqlwlrq 4 Ohw i = U5 $ U1 Wkh vhw i+{> |, = i+{> |, @ fj/ zkhuh f lv dq
duelwudu| frqvwdqw/ lv fdoohg d ohyho vhw ri wkh ixqfwlrq i 1

Frqvlghu wkh ixqfwlrq i = U5 $ U ghñqhg e| i+{> |, @ {5.|51 Li |rx fkrrvh
f @ 4/ wkhq wkh vhw ri srlqwv

i+{> |, = i+{> |, @ fj
@ i+{> |, = i+{> |, @ 4j
@

õ
+{> |, = {5 . |5 @ 4

ô
lv d flufoh ri udglxv 4/ fhqwhuhg dw wkh ruljlq +Iljxuh 4,/ dqg lv fdoohg d ohyho vhw
ri wkh ixqfwlrq i 1
Wkh xvxdo sudfwlfh lv wr vnhwfk vhyhudo ohyho vhwv e| vhohfwlqj glòhuhqw ydoxhv

iru wkh frqvwdqw f1 Iru h{dpsoh/ li |rx ohw f @ 4> 5> 6> 7> 8/ wkhq wkh iroorzlqj
ohyho vhwv duh rewdlqhg1 õ

+{> |, = {5 . |5 @ 4
ôõ

+{> |, = {5 . |5 @ 5
ôõ

+{> |, = {5 . |5 @ 6
ôõ

+{> |, = {5 . |5 @ 7
ôõ

+{> |, = {5 . |5 @ 8
ô
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Iljxuh 4= Wkh ohyho vhw i+{> |, @ 41
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Iljxuh 5= Ohyho fxuyhv iru f @ 4> 5> 6> 7> 81
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Hdfk ri wkhvh ohyho vhwv lv d flufoh/ fhqwhuhg dw wkh ruljlq/ zlwk udglxv 4/
s
5/
s
6/

5/ dqg
s
8/ dv vkrzq lq Iljxuh 51Qrwh wkdw lw lv fxvwrpdu| wr odeho hdfk ohyho

fxuyh zlwk lwv f0ydoxh/ dv vkrzq lq Iljxuh 51
Wkh ohyho vhwv slfwxuhg lq Iljxuh 5 ròhu d zhdowk ri ylvxdo lqirupdwlrq derxw

wkh ixqfwlrq i 1 Iru h{dpsoh/ dv |rx pryh dzd| iurp wkh srlqw +3> 3,/ orfdwhg
dw wkh fhqwhu ri Iljxuh 5/ wkh ixqfwlrq ydoxhv lqfuhdvh1 Dv |rx pryh wrzdug wkh
srlqw +3> 3,/ wkh ixqfwlrq ydoxhv ghfuhdvh1 Lw lv qr frlqflghqfh wkdw wkh ohyho vhwv
lq Iljxuh 5 forvho| uhvhpeoh d wrsrjudsklfdo pds/ zkhuh hdfk frqwrxu uhsuhvhqwv
d frqvwdqw khljkw1
Wkhuh duh qxphurxv dssolfdwlrqv zkhuh ohyho fxuyhv fdq eh yhu| xvhixo1 Iru

h{dpsoh/ vxssrvh wkdw wkh ixqfwlrq i+{> |, @ {5 . |5 xvhg wr jhqhudwh wkh ohyho
fxuyhv lq Iljxuh 5 uhsuhvhqwv wkh whpshudwxuh +lq ghjuhhv Idkuhqkhlw, dw wkh
srvlwlrq +{> |,1 Dq| srlqw vhohfwhg iurp wkh fxuyh {5 . |5 @ 4 zloo kdyh whp0
shudwxuh 4 ïI/ srlqwv vhohfwhg iurp wkh fxuyh {5. |5 @ 5 zloo kdyh whpshudwxuh
5 ïI/ dqg vr rq1

�@|*@M<t çL?|Lýh çL44@?_

Pdwode vlpsolñhv wkh surfhvv ri frqvwuxfwlqj ohyho fxuyhv/ hyhq iru wkh prvw
glïfxow ri ixqfwlrqv1

H{dpsoh 5 Vnhwfk vhyhudo ohyho fxuyhv ri wkh ixqfwlrq i = U5 $ U ghñqhg e|

i+{> |, @
ý6|

{5 . |5 . 4

ryhu wkh uhjlrq i+{> |, = ý5 é { é 5> ý5 é | é 5j dqg odeho hdfk ohyho fxuyh zlwk
lwv frqvwdqw ixqfwlrq ydoxh1

Vroxwlrq1 Iluvw xvh wkh phvkjulg frppdqg wr fuhdwh d julg ri {0 dqg |0
ydoxhv rq wkh jlyhq grpdlq1 Fdofxodwh wkh ixqfwlrq ydoxh dw hdfk srlqw dqg xvh
Pdwode*v frqwrxu frppdqg wr gudz wkh ohyho fxuyhv1 Wkh iroorzlqj frppdqgv
vkrxog surgxfh dq lpdjh vlplodu wr wkdw lq Iljxuh 61

AA ^{/|`@phvkjulg+05=14=5,>

AA }@06-|12+{1a5.|1a5.4,>

AA frqwrxu+{/|/},

Li |rx duh qrw vdwlvñhg e| wkh qxpehu ri ohyho fxuyhv surgxfhg/ lw lv d vlpsoh
pdwwhu wr dgg pruh1 Wkh iroorzlqj frppdqg vkrxog surgxfh 43 ohyho fxuyhv/
vlplodu wr wkrvh lq Iljxuh 71

AA frqwrxu+{/|/}/43,

w@Mi*ð?} |üi çL?|Lýht

Lw lv d vlpsoh wdvn wr odeho hdfk ohyho fxuyhv zlwk lwv frqvwdqw ixqfwlrq ydoxh1
Wkh iroorzlqj frppdqgv zhuh xvhg wr surgxfh wkh lpdjh lq Iljxuh 81

6



-2 -1 0 1 2
-2

-1

0

1

2

Iljxuh 6= Ohyho fxuyhv ri i+{> |, @ ý6|@+{5 . |5 . 4,1
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Iljxuh 7= Whq ohyho fxuyhv1
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Iljxuh 8= Odeholqj wkh ohyho fxuyhv1

AA ^f/k`@frqwrxu+{/|/},>

AA fodeho+f/k,>

Qrwh= Li |rx duh xqkdss| zlwk wkh sodfhphqw ri wkh odehov/ wkhq |rx pljkw
zdqw wr wu| fodeho+f/k/*pdqxdo*, lqvwhdg1 Wklv frppdqg zloo doorz |rx wr
sodfh wkh odehov zlwk |rxu prxvh1

çüLLtð?} è@h|ðUý*@h çL?|Lýht

\rx pljkw kdyh qrwhg e| qrz wkdw Pdwode dxwrpdwlfdoo| ghflghv rq wkh rswl0
pxp f0ydoxhv zkhq sorwwlqj wkh ohyho fxuyhv i+{> |, @ f1 \rx fdq hdvlo| ryhuulgh
wklv dxwrpdwlf vhohfwlrq dqg sorw frqwrxuv iru sduwlfxodu f0ydoxhv1 Iru h{dpsoh/
vxssrvh wkdw |rx zdqw ohyho fxuyhv iru f @ ý4=58>ý4=33>ý3=:8> = = = >4=81 Uhfdoo
wkdw wkh Pdwode frgh 04158=158=4158 zloo surgxfh wklv yhfwru ri f0ydoxhv1 Wkh
iroorzlqj frppdqg zdv xvhg wr fuhdwh wkh lpdjh lq Iljxuh 91

AA ^f/k`@frqwrxu+{/|/}/04158=158=4158,>

AA fodeho+f/k,

Qrwh= Djdlq/ li |rx gr qrw fduh iru wkh furzghg dsshdudqfh ri wkh odehov lq
Iljxuh 9/ wu| wkh frppdqg fodeho+f/k/*pdqxdo*,/ zklfk zloo doorz |rx wr vhw
wkh odehov lqglylgxdoo| zlwk wkh prxvh1
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Iljxuh 9= Vshfli|lqj sduwlfxodu frqwrxuv1

W4T*ðUð| 6ý?U|ðL? è*L||ð?}

Riwhq/ dq htxdwlrq vxfk dv

{6 . |6 @ 6{| +4,

lv glïfxow +ru lpsrvvleoh, wr vroyh iru | lq whupv ri {1 Krzhyhu/ |rx fdq xvh
Pdwode*v frqwrxu frppdqg dv dq lpsolflw ixqfwlrq sorwwhu/ holplqdwlqj wkh qhhg
wr h{solflwo| vroyh wkh htxdwlrq iru | lq whupv ri { ehiruh sorwwlqj1 Ehjlq e|
pdnlqj rqh vlgh ri wkh htxdwlrq +4, htxdo wr }hur1

{6 . |6 ý 6{| @ 3 +5,

Qh{w/ ghñqh d ixqfwlrq i = U5 $ U e| i+{> |, @ {6 . |6 ý 6{|1 Htxdwlrq +5,
qrz uhdgv

i+{> |, @ 3 +6,

zkhuh i+{> |, @ {6 . |6 ý 6{|1 Frqvhtxhqwo|/ htxdwlrq +6, lv wkh ohyho fxuyh
i+{> |, @ 3 ri wkh ixqfwlrq i+{> |, @ {6 . |6 ý 6{|1 \rx fdq sorw d vlq0
joh ohyho fxuyh ri d ixqfwlrq e| xvlqj Pdwode*v frqwrxu frppdqg lq wkh irup
frqwrxu+{/|/}/^f f`,1 Wkh iroorzlqj frppdqgv vkrxog surgxfh dq lpdjh
vlplodu wr wkdw lq Iljxuh :1 Qrwh krz d ñqhu phvk lv xvhg lq wklv h{dpsoh wr
lpsuryh wkh dffxudf| ri wkh sorw1

AA ^{/|`@phvkjulg+05=138=5,>

AA }@{1a6.|1a606-{1-|>

AA frqwrxu+{/|/}/^3/3`,
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Iljxuh :1 Sorwwlqj d vlqjoh frqwrxu1

OL4iêLh! , ihUðtit

41 Frqvlghu wkh ixqfwlrq ghñqhg e| wkh htxdwlrq

i+{> |, @ ý{|hý{5ý|5

+d, Xvh Pdwode*v frqwrxu frppdqg wr sorw wzhqw| +53, frqwrxuv ryhu
wkh grpdlq i+{> |, = ý5 é {> | é 5j1

+e, Xvh wkh irup fodeho+f/k/*pdqxdo*, wr vhohfwlyho| odeho vhyhudo frq0
wrxuv zlwk wkh prxvh1

+f, Rewdlq d sulqwrxw ri |rxu uhvxow1

51 Frqvlghu wkh ixqfwlrq ghñqhg e| wkh htxdwlrq

i+{> |, @ ý{|hý{5ý|5

+d, Xvh Pdwode*v frqwrxu6 frppdqg wr sorw wzhqw| +53, frqwrxuv ryhu
wkh grpdlq i+{> |, = ý5 é {> | é 5j1 Klqw= W|sh khos frqwrxu6 wr
rewdlq khos rq wkh frqwrxu6 frppdqg1

+e, Wxuq rò wkh julg zlwk wkh frppdqg julg rii1

+f, Rewdlq d sulqwrxw ri |rxu uhvxow1

61 Frqvlghu wkh ixqfwlrq ghñqhg e| wkh htxdwlrq

i+{> |, @ ý{|hý{5ý|5

:



+d, Xvh Pdwode*v phvkf frppdqg wr rewdlq d vlpxowdqhrxv sorw ri wkh
vxuidfh dqg wkh ohyho fxuyhv ri wkh ixqfwlrq ryhu wkh grpdlq i+{> |, = ý5 é {> | é 5j1
Klqw= W|sh khos phvkf wr rewdlq khos rq wkh phvkf frppdqg1

+e, Uhpryh klgghq olqh uhprydo zlwk wkh frppdqg klgghq rii1

+f, Rewdlq d sulqwrxw ri |rxu uhvxow1

71 Vnhwfk wkh judsk ri wkh idprxv nqrw fxuyh zkrvh srlqwv vdwlvi| wkh htxd0
wlrq

+{5 ý 4,5 @ |5+6 . 5|,

Rewdlq d sulqwrxw ri |rxu uhvxow1

;


