
Ohfwxuh &8=

31314 Glylgh ) Frqtxhu Phwkrg +Frqwlqxhg � Pruh H{dpsohv,=

H{dpsoh 4 Pxowlsolfdwlrq ri wzr q�q pdwulfhv e| Vwudvvhq*v Phwkrg= Zh duh
jlyhq wzr q� q pdwulfhv D dqg E dqg zh zdqw F @ D � E1 +Sdjh :6<0:78 ri
|rxu errn,

Uhfdoo

Fl>m @
q[

n@4

dl>n � en>m

Xvlqj wklv/ lq wkh xvxdo pdqqhu/ zh zloo gr �+q6, pxowlsolfdwlrqv dqg dggl0
wlrqv1 Iru frqyhqlhqfh/ zh dvvxph wkdw q lv d srzhu ri 51 Ohw

D @
D4>4 D4>5

D5>4 D5>5

E @
E4>4 E4>5

E5>4 E5>5

F @
F4>4 F4>5

F5>4 F5>5

zkhuh hdfk ri wkhvh lv q
5 � q

5 vxepdwul{ ri wkh fruuhvsrqglqj pdwul{1 Li zh
gr pxowlsolfdwlrq wkh xvxdo zd|/ zh kdyh ; pxowlsolfdwlrqv ri sdluv ri q

5 � q
5

pdwulfhv dqg 7 dgglwlrqv1 Dgglwlrq ri wzr q�q pdwulfhv lv �+q5,1 Y1 Vwudvvhq
ghylvhg dq dojrulwkpv wkdw grhv ihzhu pxowlsolfdwlrqv1

Iru wklv/ ohw

P4 @ ^D5>4 .D5>5 �D4>4` � ^E5>5 �E4>5 .E4>4`

P5 @ ^D4>4` � ^E4>4`

P6 @ ^D4>5` � ^E5>4`

P7 @ ^D4>4 �D5>4` � ^E5>5 �E4>5`

P8 @ ^D5>4 .D5>5` � ^E4>5 �E4>4`

P9 @ ^D4>5 �D5>4 .D4>4 �D5>5` � ^E5>5`

P: @ ^D5>5` � ^E4>4 .E5>5 �E4>5 �E5>4`

Wkhq

F4>4 @ P5 .P6

F4>5 @ P4 .P5 .P8 .P9

F5>4 @ P4 .P5 .P7 �P:

F5>5 @ P4 .P5 .P7 .P8
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Wkxv/ zh gr : pxowlsolfdwlrq ri q
5 � q

5 pdwulfhv dqg ihz pruh dgglwlrqv1
Uhfdoo dgglwlrqv duh fkhdshu$ Wklv jlyhv xv wkh uhfxuvlrq

w+q, @ :w+
q

5
, . f+q5,

Wklv lv rqh ri wkh h{dpsohv zh vdz xqghu wkh pdvwhu wkhruhp dqg zh re0
wdlqhg w+q, @ �+qoj :, @ �+q5=;4, zklfk lv ehwwhu wkdq ehiruh1 Wkh fxuuhqw ehvw
lv �+q5=6:9,1

H{dpsoh 5 Shupxwdwlrq Qhwzrunv +Sureohp 5;06/ sdjh 985,

Wklv vhfwlrq iroorzv wkh qrwhv iurp Surihvvru Kdo Vxgexurxjk1 D vzlwfk lv
d flufxlw zlwk wzr lqsxwv/ wzr rxwsxwv/ dqg d frqwuro1 Wkh frqwuro fdq eh vhw wr
rqh ri wzr srvlwlrqv dv vkrzq ehorz=

Control in position 1 Control in position 2

Zh zdqw wr frqvwuxfw d ghylfh zlwk q lqsxwv dqg q rxwsxwv xvlqj wkhvh
vzlwfkhv> wklv ghylfh vkrxog deoh wr rxwsxw dq| ri wkh q$ srvvleoh shupxwdwlrqv
ri wkh lqsxwv e| vhwwlqj wkh vzlwfkhv lq dq dssursuldwh pdqqhu1 Rxu jrdo lv wr
xvh R+q ojq, vzlwfkhv wr gr wklv1 Zh zloo dvvxph djdlq wkdw q lv d srzhu ri 51
Iru h{dpsoh/ iru q @ 7 zh kdyh=

n = 2

n = 2

n = 4
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dqg iru q @ ;

n = 4

n = 4

n = 8

\rx vkrxog jhw wkh lghd lq jhqhudo1 Li zh ohw w+q, eh wkh qxpehu ri vzlwfkhv
xvhg iru frqvwuxfwlqj d qhwzrun zlwk q lqsxwv2rxwsxwv/ zh kdyh wkh uhfxuuhqfh
uhodwlrq=

w+q, @ 5w+
q

5
, . q

Wkh vroxwlrq ri wklv e| wkh pdvwhu wkhruhp lv w+q, @ �+q ojq,1 Wkh h{dfw
vroxwlrq lv w+q, @ q ojq� q

5 dqg lv rewdlqhg e| lwhudwlrq phwkrg1
Zh qhhg wr vkrz rqh pruh wklqj= wkdw wklv zrunv fruuhfwo| � zh fdq jhw doo

wkh shupxwdwlrqv ri wkh lqsxwv dv rxwsxwv e| vhwwlqj wkh vzlwfkhv1 Iru wklv zh
vkrz krz wr vhw wkh vzlwfkhv surshuo|1 Zh dvvxph wkdw wkh lqsxw lv ^4> 5> ===> q`
lq wkdw rughu iurp wkh wrs wr erwwrp1 Ohw xv orrn dw vrph vshfl�f h{dpsohvA

Ohw q @ 7/ dqg ohw wkh rxwsxw eh ^6> 4> 7> 5` Wklv fuhdwhv zkdw duh fdoohg
�iruelgghq sdluv� dqg lq wklv fdvh wkh| duh =i+6> 4,> +7> 5,j Wklv phdqv wkdw wkh
wzr hohphqwv lq d iruelgghq sdlu vkrxog qrw eh vzlwfkhg wr wkh vdph �kdoi�
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qhwzrun1 Vhh ehorz iru krz wkh vzlwfkhv duh vhw=
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Forbidden Pairs Diagram
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N1
n = 4
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n = 4

n = 8
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Wkh jhqhudo fdvh lv kdqgohg lq d vlplodu pdqqhu1
Wkh qh{w txhvwlrq= fdq zh gr zlwk ihzhu vzlwfkhvB Zh vkrz ehorz wkdw zh

fdq qrw lpsuryh wkh rughu � w+q, @ �+q ojq,1 Vxssrvh zh kdyh p vzlwfkhv wr
kdqgoh q lqsxwv1 Vlqfh hdfk vzlwfk fdq eh lq rqh ri wzr srvlwlrqv/ wkh v|vwhp
fdq eh lq qr pruh wkdq 5p srvvleoh frq�jxudwlrqv1 Hdfk frq�jxudwlrq fdq rqo|
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|lhog rqh rxwsxw shupxwdwlrq1 Khqfh zh pxvw kdyh

5p � q$

Khqfh p � oj^q$` @ �+q ojq, dv zh vkrzhg hduolhu1
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