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31314 Juhhg| Phwkrgv=+Fkdswhu 4:,

Zh qrz wdnh xs wkh frqfhsw ri wkh juhhg| sdudgljp1 Zh zloo frqvlghu vhyhudo
looxvwudwlyh h{dpsohv1

� Pdnlqj Fkdqjh

Vxssrvh zh kdyh wkh iroorzlqj frlqv= Groodu+433 fhqwv,/ Txduwhu+58 fhqwv,/
Glph+43 fhqwv,/ Qlfnho+8 fhqwv,/ dqg shqq|+4 fhqw,1 Zkhq zh wr sd| vrph
rqh dq dprxqw +vd| '51;<@5;< fhqwv,/ zh gr wklv zlwk olwwoh wklqnlqj lq
d zd| wkdw xvhv wkh vpdoohvw qxpehu ri frlqv1 ^Dvvxph wkdw zh kdyh
vx!flhqw txdqwlwlhv ri hdfk ghqrplqdwlrq,1 Dqg wkh zd| zh gr lw lv nqrzq
dv wkh juhhg| phwkrg1 Zh xvh 5 groodu frlqv/ wkuhh txduwhuv/ rqh glph/
dqg irxu shqqlhv1 Li wkhuh zdv d kdoi0groodu +@83 fhqwv, frlq/ wkhuh duh
wzr srvvlelolwlhv � wkh juhhg| rqh lv 5 groodu frlqv/ rqh kdoi0groodu frlq/
rqh txduwhu/ rqh glph/ dqg irxu shqqlhv1 Vr dw hdfk vwhs/ zh xvh wkh
odujhvw ghqrplqdwlrq dv pdq| wlphv dv srvvleoh zlwkrxw jrlqj ryhu wkh
wrwdo1 Wkh ghflvlrq pdgh dw hdfk vwhs lv qhyhu uhyrnhg1 Wkhvh duh vrph ri
wkh fkdudfwhulvwlfv ri juhhg| phwkrgv1 Lw grhv qrw surylgh wkh fruuhfw
vroxwlrq wr hyhu| sureohp$ Iru h{dpsoh/ frqylqfh |rxuvhoi wkdw zkhq
wkh dydlodeoh frlqv duh= ~83/58/53/43/8/4,/ wklv phwkrg grhv qrw dozd|v
zrun1

Exw lw lv xvhixo lq vrph lqvwdqfhv1 Lq vrph fdvhv/ wkhuh pd| eh pruh wkdq
rqh zd| wr vroyh xvlqj juhhg| lghdv1 Vrph pd| zrun zkloh rwkhuv pd|
qrw1

� Dfwlylw| Vhohfwlrq Sureohp +Fkdswhu 4:14,

Vxssrvh zh kdyh d vhw V @ i4> 5> ===> qj ri q dfwlylwlhv wkdw zlvk wr xvh d
frpprq uhvrxufh1 Dfwlylw| l qhhgv wkh uhvrxufh lq wkh wlph lqwhuydo ^vl> il, zlwk
il A vl1 Wzr dfwlylwlhv l dqg m duh vdlg wr eh frpsdwleoh li wkhlu lqwhuydov gr qrw
ryhuods � wkdw lv li hlwkhu vl � im ru vm � il1 Wkh dfwlylw| vhohfwlrq sureohp lv wr
vhohfw wkh odujhvw vhw ri pxwxdoo| frpsdwleoh dfwlylwlhv1 Khuh lv wkh shvxrgfrgh
iurp wkh errn= v dqg i duh duud|v1 Dvvxph wkdw wkh dfwlylwlhv duh qxpehuhg vr
wkdw i4 � i5 � === � iq1
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� Kx�pdq Frghv +Fkdswhu 4:16,

� Plqlpxp2Pd{lpxp Vsdqqlqj Wuhh Sureohp

� Glmnvwud*v Dojrulwkp lq Vkruwhvw Sdwkv

Wkh glvfxvvlrq ri wkh odvw wzr sureohpv dovr frphv xqghu wkh fdwhjru| Judsk
Dojrulwkpv1

� Vhyhudo Vfkhgxolqj Sureohpv

H{dpsoh 4 D vlqjoh vhuyhu +vxfk dv d surfhvvru/ d fdvklhu lq d edqn/ hwf1,
kdv q fxvwrphuv wr vhuyh1 Wkh vhuylfh wlph uhtxluhg e| hdfk fxvwrphu lv nqrzq
lq dgydqfh= fxvwrphu l zloo uhtxluh wl wlph xqlwv +4 � l � q ,1 Zh zdqw wr
plqlpl}h wkh dyhudjh wlph d fxvwrphu vshqgv lq wkh v|vwhp1

Vlqfh wkh qxpehu ri fxvwrphuv lv �{hg/ wklv lv htxlydohqw wr plqlpl}lqj wkh
wrwdo wlph vshqw e| doo fxvwrphuv1 Vr zh zdqw wr plqlpl}h

Sq
l@4Fl zkhuh

Fl lv wkh wlph dw zklfk fxvwrphu l frpsohwhv vhuylfh1 Vxssrvh q @ 6 dqg
w4 @ 6> w5 @ 43> w6 @ 8 wkh wdeoh ehorz vxppdul}hv wkh ydoxhv iru doo wkh zd|v lq
zklfk zh frxog uhqghu wkh vhuylfh=

Rughu
Sq

l@4Fl

4> 5> 6 67
4> 6> 5 5< Rswlpdo
5> 6> 4 76
5> 4> 6 74
6> 4> 5 64
6> 5> 4 6;

Ohw S @ s4s5===sq eh d shupxwdwlrq ri i4> 5> ===> qj dqg ohw vl @ wsl 1 Li
fxvwrphuv duh vhuyhg lq wkh rughu fruuhvsrqglqj wr S /

q[

l@4

Fl @ v4 . +v4 . v5, . ===. +v4 . ===vq,

@
q[

n@4

+q� n . 4,vn

Wklv lv plqlpl}hg e| wkh shupxwdwlrq wkdw kdv v4 � v5 � === � vq1 Wklv
fruuhvsrqgv wr wkh juhhg| vwudwhj| ri surfhvvlqj wkh fxvwrphu zlwk wkh ohdvw
wlph uhtxluhg �uvw1

H{dpsoh 5 Zh kdyh q mrev wr h{hfxwh/ hdfk rqh ri zklfk wdnhv d xqlw wlph wr
surfhvv1 Dw dq| wlph lqvwdqw zh fdq gr rqo| rqh mre1 Grlqj mre l hduqv d sur�w
sl1 Wkh ghdgolqh iru mre l lv gl1
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Vxssrvh q @ 7> s @ ^83> 43> 48> 63`> g @ ^5> 4> 5> 4`1 Lw vkrxog eh fohdu wkdw zh
fdq surfhvv pruh wkdq wzr mrev e| wkhlu uhvshfwlyh ghdgolqhv1 Wkh vhw ri ihdvleoh
vhtxhqfhv duh=

Vhtxhqfh Sur�w
4 83
5 43
6 48
7 63
4> 6 98
5> 4 93
5> 6 58
6> 4 98
7> 4 ;3 rswlpdo
7> 6 78

D vhw ri mrev lv ihdvleoh li wkhuh lv d vhtxhqfh wkdw lv ihdvleoh iru wklv vhw1 Wkh
juhhg| phwkrg fkrrvhv mrev lq ghfuhdvlqj rughu ri wkhlu sur�wv1 Li wkh lqfoxvlrq
ri wkh qh{w mre grhv qrw d�hfw ihdvlelolw|/ zh gr vr1 Hovh zh gr qrw lqfoxgh wkh
odvw mre wkdw zdv frqvlghuhg1 Zh qhhg wr vkrz wkdw wklv dojrulwkp surylghv dq
rswlpdo vroxwlrq1 Zh dovr qhhg wr frqvlghu wkh lpsohphqwdwlrq wkdw lv prvw
h!flhqw1 Vrph uhvxowv jlyhq ehorz khos lq wklv1

Ohppd 6 Ohw V eh d vhw ri mrev1 Vxssrvh wkdw wkh mrev duh qxpehuhg vr wkdw
g4 � g5 � g6 � ===1 +Wklv lv nqrzq dv wkh Hduolhvw Gxh Gdwh rughu � HGG iru
vkruw,1 Wkh vhw V lv ihdvleoh li dqg rqo| li wkh vhtxhqfh i4> 5> ===> j lv ihdvleoh1

Surri1 Wkh �li� sduw lv fohdu1 Wr vkrz wkdw �rqo| li� sduw zh xvh surri e|
frqwudglfwlrq1 Vxssrvh wkdw wkh vhtxhqfh i4> 5> ===> j lv QRW ihdvleoh1 Ohw wkh
�uvw mre lq wkh vhtxhqfh wkdw plvvhv lwv ghdgolqh eh mre u1 Wklv phdqv wkdw wkh
ghdgolqh iru mre u/ gu � u � 41 Vlqfh rxu vhtxhqfh lv HGG/ wkh �uvw u mrev doo
kdyh ghdgolqhv � +u � 4,1 Krzhyhu/ wkhvh mrev duh vfkhgxohg/ dw ohdvw rqh zloo
qrw phhw lwv ghdgolqh1 Khqfh wkhuh lv qr ihdvleoh vhtxhqfh iru wklv vhw dqg khqfh
iru V1

Wklv lv jrrg qhzv � vlqfh zh grq*w kdyh wr fkhfn doo wkh shupxwdwlrqv ri wklv
vhw wr fkhfn ihdvlelolw|1

Wkhruhp 7 Wkh juhhg| dojrulwkpv vroyhv wkh sureohp1

Surri1 Vxssrvh wkh juhhg| dojrulwkpv fkrrvhv wkh vhw L ri mrev dqg vxssrvh
wkh vhw M lv rswlpdo1 Zh zdqw wr vkrz wkdw wkh wzr kdyh vdph sur�w dqg
khqfh L lv dovr rswlpdo1 Vxssrvh wkdw fruuhvsrqglqj vhtxhqfhv duh VM dqg VL

uhvshfwlyho|1 Wkhvh wzr vhtxhqfhv pd| kdyh jdsv � wlph vorwv zkhuh wkhuh duh
qr mrev1 E| uhduudqjlqj wkhvh vhtxhqfhv/ zh fdq jhw vhtxhqfhv V3

m dqg V3
L lq

zklfk wkh mrev frpprq wr wkh vhwv M dqg L duh vfkhgxohg lq wkh vdph wlph vorwv
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dv vkrzq ehorz=

p y q x r

r s t p u v q w

x y p r q

u s t p r v q w

SI

SJ

S’I

S’J

Wkhvh vhtxhqfhv duh vwloo ihdvleoh vlqfh erwk wkh suhylrxv rqhv zhuh1 Wklv
shuirupv dw prvw rqh h{fkdqjh iru hdfk mre wkdw lv frpprq wr wkh wzr vhwv1 Li wkh
qhz vhtxhqfhv duh qrw wkh vdph zh pd| kdyh rqh ri wkh iroorzlqj srvvlelolwlhv=

� Wkhuh lv d mre d lq V3
L rssrvlwh d jds lq V3

M = Wklv phdqv wkdw d @5 M 1 Exw
M ^ idj lv dovr ihdvleoh ehfdxvh zh fdq sxw d lq wklv jds dqg wklv zrxog
eh pruh sur�wdeoh wkdq bM Exw wklv fdq qrw kdsshq vlqfh M lv rswlpdo1

� Wkhuh lv d mre e lq V3
M rssrvlwh d jds lq V3

L = Wklv phdqv wkdw e @5 L1 Exw
L ^ iej lv dovr ihdvleoh ehfdxvh zh fdq sxw e lq wklv jds1 Wklv lpsolhv
wkdw wkh juhhg| dojrulwkp zrxog kdyh lqfoxghg wkh mre e dv zhoo1 Wklv lv
lpsrvvleoh vlqfh e zdv qrw lqfoxghg lq wkh juhhg| vfkhgxoh1

Wkh rqo| uhpdlqlqj srvvlelolw| lv wkdw vrph mre e lv vfkhgxohg lq V3
L rs0

srvlwh vrph mre d lq V3
M 1 Lq wklv fdvh e @5 V3

M dqg d @5 V3
L 1 Wkhuh duh wkuhh

fdvhv wr frqvlghu=

41 sd A se= Rqh frxog vxevwlwxwh d e| e lq M dqg zh zrxog jhw d kljkhu
sur�w � frqwudglfwlrq wr rswlpdolw| ri M 1

51 se A sd= Wkh juhhg| dojrulwkp zrxog kdyh vhohfwhg e ehiruh vhohfwlqj
d � frqwudglfwlqj wkh rxwfrph ri juhhg| phwkrg1

61 sd @ se= Lq wklv fdvh wkh ydoxhv duh wkh vdph
Khqfh/ erwk vfkhgxohv kdyh htxdo ydoxhv mrev lq hdfk wlph vorw dqg
khqfh wkh wrwdo ydoxhv duh htxdo1 Khqfh L lv dovr rswlpdo1

Wkh iroorzlqj ohppd khosv lq idvwhu lpsohphqwdwlrq ri wkh juhhg| dojrulwkp1
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Ohppd 8 D vhw M ri q mrev lv ihdvleoh li dqg rqo| li zh fdq frqvwuxfw d ihdvleoh
vhtxhqfh dv iroorzv= Vwduw zlwk dq hpsw| vfkhgxoh zlwk q wlph vorwv1 Iru hdfk
mre l 5 M/ vfkhgxoh l dw wlph vorw w/ zkhuh w lv wkh odujhvw lqwhjhu vxfk wkdw
4 � w � plq^q> gl` dqg wlph vorw w lv iuhh1

Lq rwkhu zrugv/ vfkhgxoh wkh qh{w mre dv odwh dv srvvleoh zlwkrxw ylrodwlqj lwv
ghdgolqh1 Li d mre fdq qrw eh vfkhgxohg ehiruh lwv ghdgolqh xqghu wklv dojrulwkp/
wkhq wkhuh lv qr ihdvleoh vhtxhqfh iru wkh vhw M 1

Surri1 Wkh �li� lv reylrxv1 Iru wkh �rqo| li� sduw= Vlqfh wkhuh duh rqo| q
mrev lq doo/ qr mre qhhgv wr eh vfkhgxohg odwhu wkdq wlph vorw q1 Wkxv/ zh fdq
uhvhw wkh ghdgolqhv wr plq^q> gl` iru mre l1 Zkhq zh wu| wr dgg d mre/ wkhuh lv
dozd|v d �jds�1 Vxssrvh zh duh xqdeoh wr dgg d mre zkrvh ghdgolqh lv g1 Wklv
kdsshqv ehfdxvh doo vorwv irup w @ 4 wr w @ u +zkhuh u @ plq^q> g`, duh wdnhq
e| suhylrxv mrev1 Ohw v A u eh wkh vpdoohvw lqwhjhu vxfk wkdw wlph vorw w @ v lv
iuhh1 Wkxv wkh vfkhgxoh exlow xs vr idu lqfoxghv v � 4 mrev zkrvh ghdgolqhv duh
hduolhu wkdq v/ qr mre zlwk ghdgolqh v/ dqg srvvleo| rwkhuv zlwk ghdgolqhv odwhu
wkdq v1 Wkh mre zh duh wu|lqj wr dgg dovr kdv d ghdgolqh ohvv wkdq v1 Wkxv/ M
lqfoxghv dw ohdvw v mrev zlwk ghdgolqhv ohvv wkdq ru htxdo wr v� 41 Zkdwhyhu eh
wkh vfkhgxoh/ dw ohdvw rqh ri wkhvh zloo eh odwh1

Wklv ohppd vxjjhvwv wkdw zh vkrxog wdnh xs wkh mrev lq ghfuhdvlqj rughu ri
wkhlu sur�w ydoxhv dqg vfkhgxoh hdfk mre rqh e| rqh wr srvlwlrqv lq d vhtxhqfh
ri ohqjwk q1 Iru dq| srvlwlrq w gh�qh qw @ pd{in � w =srvlwlrq n lv iuhhj1 Zh
zdqw wkh qh{w mre l wr eh dvvljqhg wr srvlwlrq qw li w @ plq^q> gl`1 Zh qhhg
vrph rwkhu gdwd vwuxfwxuhv wr gr wklv uljkw1 Zh zloo wdnh wklv xs odwhu zkhq zh
gr plqlpxp vsdqqlqj wuhhv lq Judsk dojrulwkpv1

H{dpsoh 9 Zh kdyh q mrev wr h{hfxwh1 Zh fdq gr rqo| rqh mre dw dq| wlph
lqvwdqw 1 Mre l uhtxluhv d gxudwlrq wl1 Wkh ghdgolqh iru mre l lv gl1 Zh zdqw wr
pd{lpl}h wkh qxpehu ri mrev grqh rq ru ehiruh wkhlu ghdgolqhv1

Ohw wkh mrev eh rughuhg lq HGG rughu � qxpehuhg vr wkdw g4 � g5 � g6 � ===1
� gq1 Gh�qh vhwv Ln @ i4> 5> ===> nj zlwk wklv qxpehulqj ri mrev1 Li Lq lv ihdvleoh/
wkhq lw/ fohduo|/ lv wkh vroxwlrq1 Li qrw/ ohw n4 eh wkh plqlpxp n iru zklfk Ln lv
qrw ihdvleoh1 Dw ohdvw rqh ri wkhvh mrev fdq qrw eh lqfoxghg lq wkh �qdo vroxwlrq1
Wkh prvw surplvlqj fdqglgdwh lv djdlq irxqg e| wkh juhhg| phwkrg= lw lv wkh
mre n5 lq wkh vhw Ln iru zklfk wn5 lv wkh odujhvw1 Mre n5 lv uhpryhg iurp wkh olvw
dqg zh uhshdw wklv surfhvv1

Surri1 Surri wkdw wklv zrunv lv e| frqwudglfwlrq1 Vxssrvh wkh rswlpdo
vroxwlrq kdv wkh vhw M ri mrev dqg ohw n5 5 L @ M _Ln1 Vr rxu dojrulwkp uhpryhg
mre n5 exw wkh rswlpdo vroxwlrq kdv lqfoxghg wkdw mre1 Fohduo|/ L 9@ Ln vlqfh wklv
vhw ri mrev lv qrw ihdvleoh dqg khqfh dq| vhw wkdw surshuo| frqwdlqv wklv vhw fdq
qrw eh ihdvleoh dv zhoo1 Ohw o 5 LnqL1 Frqvlghu wkh vhw M 3 @ M ^ iojqin5j1 Vlqfh
wo � wn5 / wkh vhw M 3 lv dovr ihdvleoh1

� D Ordglqj Sureohp

H{dpsoh : Frqvlghu d wudlq wkdw wudyhov iurp srlqw 4 wr srlqw q zlwk lqwhu0
phgldwh vwrsv dw srlqwv 5> 6> ===> +q � 4,1 Zh kdyh sl>m sdfndjhv wkdw qhhg wr eh
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gholyhuhg iurp srlqw l wr srlqw m zkhuh 4 � l ? m � q1 Sdfndjhv kdyh wkh
vdph vl}h1 Wkh pd{lpxp qxpehu dw dq| srlqw lq wkh wudlq pxvw qrw h{fhhg lwv
fdsdflw| F1 Zh zdqw wr gholyhu dv pdq| sdfndjhv dv srvvleoh1

Iru h{dpsoh/ wkh iroorzlqj wdeoh jlyhv gdwd iru q @ 9 zlwk F @ ;=

WR $
IURP& 4 5 6 7 8 9

4 6 6 5 5 5
5 7 4 5 5
6 7 7 4
7 5 5
8 6
9

Zh xvh wkh juhhg| lghd wzlfh lq wkh vroxwlrq ri wklv sureohp1 Zh ghvfuleh
wkh dojrulwkp lqirupdoo|1 Dw srlqw 4 ordg sdfndjhv lq lqfuhdvlqj rughu ri wkhlu
ghvwlqdwlrq wloo fdsdflw| lv uhdfkhg1 Zkhq wkh wudlq duulyhv dw srlqw 5/ +frq0
fhswxdoo|, xqordg dqg uhordg dffruglqj wr wkh vdph sulqflsoh dv deryh1 Li vrph
sdfndjhv wkdw zhuh slfnhg xs dw srlqw 4 jhw ohiw dw srlqw 5/ gr qrw ordg wkhp dw
srlqw 4 lq wkh �uvw sodfh$ Khuh lv wkh hyroxwlrq ri wkh dojrulwkp iru wklv h{dpsoh=

WR $
IURP& 4 5 6 7 8 9

4 6 6 5
5
6
7
8
9

Diwhu Ordglqj dw Srlqw 4

WR $
IURP& 4 5 6 7 8 9

4 6 6 4
5 7
6
7
8
9

Diwhu Ordglqj dw Srlqw 5
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WR $
IURP& 4 5 6 7 8 9

4 6 6 4
7

7 6

Diwhu Ordglqj dw Srlqw 6

WR $
IURP& 4 5 6 7 8 9

4 6 6 4
5 7
6 7 6
7 5 5
8
9

Diwhu Ordglqj dw Srlqw 7

WR $
IURP& 4 5 6 7 8 9

4 6 6 4
5 7
6 7 6
7 5 5
8 6
9

Diwhu Ordglqj dw Srlqw 8

L zloo ohdyh wkh surri wr |rx dv dq h{huflvh1

� Wzr Pdfklqh Vfkhgxolqj Sureohp +V1 Mrkqvrq,

H{dpsoh ; Frqvlghu wkh iroorzlqj vfkhgxolqj sureohp= Zh kdyh wzr pdfklqhv
D dqg E +wkh| shuirup gl�huhqw rshudwlrqv, dqg d vhw i4> 5> ===> qj ri q mrev1 Doo
mrev duh surfhvvhg e| pdfklqh D �uvw dqg wkhq e| pdfklqh E1 Mre l uhtxluhv
d gxudwlrq Dl rq pdfklqh D dqg El rq pdfklqh E1 Zh zlvk wr plqlpl}h wkh
wlph uhtxluhg wr surfhvv doo mrev dqg wkh fruuhvsrqglqj vfkhgxoh1 V1P1 Mrkqvrq
jdyh d juhhg| dojrulwkpv wr vroyh wklv sureohp1

� Mrkqvrq Dojrulwkp=

Sduwlwlrq wkh mrev lqwr wzr vhwv V4 @ il = Dl ? Elj dqg V5 @ il = Dl � Elj1
Vfkhgxoh wkh mrev lq V4 �uvw lq lqfuhdvlqj rughu ri wkhlu Dl ydoxhv dqg wkhq
wkh mrev lq V5 lq ghfuhdvlqj rughu ri wkhlu El ydoxhv1 Qrwh wkdw wklv fdq
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dovr eh ylhzhg dv orrnlqj iru wkh vpdoohvw ri doo gxudwlrqv dqg li wklv lv dq
D w|sh vfkhgxoh wkh mre �uvw dqg li lw lv d E w|sh vfkhgxoh wkh mre odvw1 Lq
wklv vhqvh/ wklv lv d juhhg| phwkrg1 Wkh h�ruw lv �+q ojq,1 Wr suryh wkdw
wklv surgxfhv dq rswlpdo vfkhgxoh/ zh xvh surri e| frqwudglfwlrq1

Surri1 Vxssrvh wklv dojrulwkp grhv qrw zrun iru vrph sureohp lqvwdqfh1
Ohw wkh rswlpdo vfkhgxoh iru wklv eh V1 Vlqfh wkh dojrulwkp grhv qrw zrun/ wkhuh
duh wzr frqvhfxwlyh mrev vd| m iroorzhg e| l lq V vxfk wkdw rqh ri wkh iroorzlqj
frqglwlrqv krogv=

41 m 5 V5 dqg l 5 V4

51 m 5 V4> l 5 V4 dqg Dm A Dl

61 m 5 V5> l 5 V5 dqg Em ? El

Lw vx!fhv wr vkrz wkdw lq dq| ri wkhvh fdvhv/ li zh h{fkdqjh wkh srvlwlrqv
ri wkhvh mrev/ zh jhw d ehwwhu vfkhgxoh � frqwudglfwlqj wkh rswlpdolw| ri V1 Vhh
ehorz=

S

a1 a2

S’

a1 a2

j i

j i

ji

ji

b1 b2

b1

b’2

α

γ

β

δ

Lw vx!fhv wr vkrz wkdw e35 � e5 wr vkrz wkdw wkh vfkhgxoh V3 lv dw ohdvw dv
jrrg dv vfkhgxoh V1 Sohdvh qrwh wkdw wkh mrev diwhu m lq V fdq vwduw dw wkh vdph
wlph ru hduolhu rq pdfklqh E lq V3 lq wklv fdvh1 Ohw wkh mre ehiruh m lq V eh n
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dqg wkh mre diwhu l eh p1

� @ pd{^e4> +Dm . d4,`

� @ pd{^d5> +Em . �,`

e5 @ El . �

@ El .pd{^d5> Em .pd{^e4> +Dm . d4,``

@ El .pd{^d5> Em . e4> Em .Dm . d4`

pd{^d4 .Dm .Dl .El> Em .El . e4> Em .El .Dm . d4`

� @ pd{^e4> +Dl . d4,`

� @ pd{^d5> +El . �,`

e35 @ Em . �

@ Em .pd{^d5> El .pd{^e4> +Dl . d4,``

@ Em .pd{^d5> El . e4> El .Dl . d4`

@ pd{^d4 .Dm .Dl .Em > El .Em . e4> El .Em .Dl . d4`

Wkh plggoh whupv lq e5 dqg e35 duh wkh vdph1 Qrz zh frqvlghu hdfk ri rxu
fdvhv deryh=

41 Iluvw whup lq e5 @ d4 .Dm .Dl .El � El .Em .Dl . d @ Wklug whup lq
e35 ehfdxvh m 5 V5 @, Dm � Em

Wklug whup lq e5 @ Em .El .Dm . d4 � d4 .Dm .Dl .Em @ Iluvw whup
lq e35 ehfdxvh l 5 V4 @, Dl ? El1

Khqfh e5 � e35 lq wklv fdvh1

51 Wklug whup lq e5 @ Em .El .Dm . d4 A El .Em .Dl . d @ Wklug whup
lq e35 ehfdxvh Dm A Dl

Wklug whup lq e5 @ Em .El .Dm . d4 A d4 .Dm .Dl .Em @ Iluvw whup
lq e35 ehfdxvh Dl ? El vlqfh l 5 V4

Khqfh e5 � e35 lq wklv fdvh1

61 Iluvw whup lq e5 @ d4 .Dm .Dl .El � El .Em .Dl . d @ Wklug whup lq
e35 ehfdxvh m 5 V5 @, Dm � Em

Iluvw whup lq e5 @ d4 . Dm . Dl .El A d4 . Dm . Dl .Em @ Iluvw whup
lq e35 ehfdxvh Em ? El

Khqfh e5 � e35 lq wklv fdvh1

Wklv frpsohwhv wkh surri wkdw wkh dojrulwkp zrunv1

Zh zloo uhylvlw juhhg| dojrulwkpv zkhq zh glvfxvv judsk dojrulwkpv1

<


