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Wklv vkhhw lv lqwhqghg wr hqfrxudjh uhylvlrq ri �uvw |hdu suredelolw| pdwhuldo/ lq sduwlfxodu wkh xvh ri
sduwlwlrqv/ wkh Wkhruhp ri Wrwdo Suredelolw| dqg Ed|hv Wkhruhp1
41 D eldvhg frlq lv wrvvhg uhshdwhgo|/ zlwk wrvvhv pxwxdoo| lqghshqghqw> wkh suredelolw| ri wkh frlq
vkrzlqj Khdgv rq dq| wrvv lv s1 Ohw K � eh wkh hyhqw wkdw dq hyhq qxpehu ri Khdgv kdyh ehhq rewdlqhg
diwhu q wrvvhv/ ohw s � @ S+ K � ,/ dqg gh�qh s � @ 41
E| frqglwlrqlqj rq K ����� dqg xvlqj wkh Wkhruhp ri Wrwdo Suredelolw|/ vkrz wkdw/ iru q � 4/
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Ilqg d vroxwlrq wr wklv gl�huhqfh htxdwlrq/ ydolg iru doo q � 3/ ri wkh irup s � @ D.E� � / zkhuh D/ E
dqg � duh frqvwdqwv wr eh lghqwl�hg1 Suryh wkdw li s ? 4@5 wkhq s � A 4@5 iru doo q � 4/ dqg �qg wkh
olplwlqj ydoxh ri s � dv q �$ 41 Lv wklv olplw lqwxlwlyho| uhdvrqdeoh B

51 Vxssrvh wkdw Q idlu/ vwdqgdug glfh duh uroohg/ zkhuh wkh vfruhv rq wkh Q glfh duh lqghshqghqw/
zkhuh Q lv xqnqrzq1 Ohw Q � eh wkh hyhqw wkdw Q @ l/ iru l � 4/ dqg vxssrvh wkdw
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Ohw V ghqrwh wkh vxp ri wkh vfruhv rq wkh Q glfh/ dqg ohw V � eh wkh hyhqw wkdw wkh wrwdo vfruh lv m1
Zulwh grzq dq h{suhvvlrq iru wkh hyhqw H/ fruuhvsrqglqj wr wkh hyhqw wkdw wkh wrwdo qxpehu ri glfh
xvhg lv hyhq/ lq whupv ri wkh hyhqwv Q � / l � 41
Xvlqj wkh frqglwlrqdo suredelolw| gh�qlwlrq/ wkh Wkhruhp ri Wrwdo Suredelolw|/ dqg Ed|hv Wkhr0
uhp/ �qg wkh suredelolw| wkdw

+l, V @ 7/ jlyhq wkdw Q lv hyhq1 +ll, Q @ 5/ jlyhq wkdw V @ 71

61 +Wulfn| 111, Wzr sod|huv frqwhvw d pdwfk frqvlvwlqj ri d vhulhv ri jdphv/ lq zklfk wkh pdwfk lv zrq
e| wkh sod|hu zkr �uvw zlqv wkuhh jdphv/ xqohvv wkh vfruh ehfrphv wlhg dw wzr jdphv hdfk lq zklfk fdvh
wkh pdwfk frqwlqxhv xqwlo d sod|hu jdlqv d ohdg ri wzr jdphv ryhu wkh rssrqhqw1
Vxssrvh wkdw wkh suredelolw| wkdw sod|hu 4 zlqv d jdph lv s/ wkdw jdphv duh suredelolvwlfdoo| lqghshqghqw/
dqg wkdw qr gudzv duh srvvleoh1 Ohw Z eh wkh hyhqw wkdw sod|hu 4 zlqv wkh pdwfk/ dqg ohw Z � eh wkh
hyhqw wkdw sod|hu 4 zlqv wkh pdwfk rq jdph l/ iru l � 41
Xvlqj wkh hyhqwv Z � dv d vxlwdeoh sduwlwlrq/ vkrz wkdw
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^Klqw= frqvlghu vhsdudwho| wkh suredelolwlhv ri Z � / iru wkh wkuhh fdvhv l � 7/ l � 8 iru l hyhq/ dqg l � 8
iru l rgg1 Qrwh wkdw/ iru Z� / l � 8/ wr rffxu/ wkh jdph vfruh pxvw eh wzr jdphv doo diwhu irxu jdphv/
dqg wkdw sod|hu 4 pxvw zlq wkh odvw wzr ri wkh l jdphv1`
Hydoxdwh j+s, . j+4� s, dqg frpphqw rq wklv uhvxow1
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71 D vlpsoh prgho iru zhdwkhu iruhfdvwlqj lqyroyhv fodvvli|lqj gd|v dv hlwkhu Ilqh ru Zhw/ dqg wkhq
dvvxplqj wkdw wkh zhdwkhu rq d jlyhq gd| zloo eh wkh vdph dv wkh zhdwkhu rq wkh suhfhglqj gd| zlwk
suredelolw| s1 Vxssrvh wkdw wkh suredelolw| ri �qh zhdwkhu rq gd| lqgh{hg 4 +vd| Mdq 4vw, lv ghqrwhg
�1 Ohw � � ghqrwh wkh suredelolw| wkdw gd| lqgh{hg q lv Ilqh1
Iru q @ 5> 6> ===/ suryh wkdw

� � @ s� ����� . +4� s,+4� � ����� ,=
Xvlqj wklv gl�huhqfh htxdwlrq/ �qg � � h{solflwo| dv d ixqfwlrq ri q/ s dqg �/ dqg �qg wkh olplwlqj ydoxh
ri � � dv q �$ 41

81 Frqvlghu wzr frlqv/ ri zklfk rqh lv qrupdo dqg wkh rwkhu kdv d Khdg rq erwk vlghv1 D frlq lv vhohfwhg
dqg wrvvhg q wlphv zlwk wrvvhv pxwxdoo| lqghshqghqw1 Hydoxdwh wkh frqglwlrqdo suredelolw| wkdw wkh
vhohfwhg frlq lv qrupdo/ jlyhq wkdw wkh �uvw q wrvvhv duh Khdgv1
Qrz frqvlghu wzr frlqv/ ri zklfk rqh lv qrupdo dqg wkh rwkhu lv eldvhg vr wkdw wkh suredelolw| ri
rewdlqlqj d Khdg lv s A 4@51 Djdlq/ rqh ri wkh frlqv lv vhohfwhg dqg wrvvhg q wlphv1 Ohw H eh wkh hyhqw
wkdw wkh q wrvvhv uhvxow lq n Khdgv dqg q� n Wdlov/ dqg ohw I eh wkh hyhqw wkdw wkh frlq lv idlu1 Ilqg
h{suhvvlrqv iru S+H, dqg S+I mH,1
^Uhfdoo wkh Elqrpldo glvwulexwlrq iurp P4V> lq d vhtxhqfh ri q pxwxdoo| lqghshqghqw elqdu| +vxf0
fhvv2idloxuh, wuldov/ wkh suredelolw| ri rewdlqlqj d wrwdo ri n vxffhvvhv lv
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zkhuh s lv wkh vxffhvv suredelolw| iru hdfk lqglylgxdo wuldo1`

91 Wkh suredelolw| wkdw d wuhh kdv q �rzhuv lv jlyhq e| +4 � s,s � iru q @ 3> 4> 5> ===1 Hdfk �rzhu kdv
suredelolw| 526 ri ehlqj sroolqdwhg dqg surgxflqj iuxlw/ dqg hdfk iuxlw kdv suredelolw| ri 427 ri qrw
ulshqlqj ixoo|1 Lw fdq eh dvvxphg wkdw hdfk ghyhorsphqwdo vwdjh lv lqghshqghqw ri wkh rwkhuv1
Ghgxfh wkdw wkh suredelolw| ri d �rzhu surgxflqj d ulsh iuxlw lv 4251 Jlyhq wkdw d wuhh ehduv u ulsh
iuxlw/ fdofxodwh wkh frqglwlrqdo suredelolw| wkdw lw ruljlqdoo| kdg q �rzhuv1
^Wkh Qhjdwlyh Elqrpldo h{sdqvlrq
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pd| eh xvhixo1`
:1 D frpsdq| lv wr lqwurgxfh pdqgdwru| guxj whvwlqj iru lwv hpsor|hhv1 Wkh whvw xvhg lv yhu| dffxudwh/
lq wkdw lw lw jlyhv d fruuhfw srvlwlyh whvw +ghwhfwv guxjv zkhq wkh| duh suhvhqw lq d eorrg vdpsoh, zlwk
suredelolw| 31<</ dqg d fruuhfw qhjdwlyh whvw +grhv qrw ghwhfw guxjv zkhq wkh| duh qrw suhvhqw, zlwk
suredelolw| 31<;1 Li dq lqglylgxdo whvwv srvlwlyh rq wkh �uvw whvw/ d vhfrqg eorrg vdpsoh lv whvwhg1 Lw lv
dvvxphg wkdw rqo| 4 lq 8333 hpsor|hhv dfwxdoo| grhv surylgh d eorrg vdpsoh zlwk guxjv suhvhqw1
Zkdw lv wkh suredelolw| wkdw wkh suhvhqfh ri guxjv lq d eorrg vdpsoh lv ghwhfwhg fruuhfwo|/ jlyhq

+l, d srvlwlyh uhvxow rq wkh �uvw whvw +ehiruh wkh vhfrqg whvw lv fduulhg rxw,
+ll, d srvlwlyh uhvxow rq erwk �uvw dqg vhfrqg whvwv
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