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L2 L3 L1 0









OQPkU��k^wcDpk�S`�\
[L]×Q

nabd{eU�o�\]PSU�� � _aZkU�ow�r_aZkZSU p±� ¦ \sPkU � blZkU
L

_aZSp�\]PkU��£cebdZ@\
Q

©�ªÀceZkowblpkU�^�«�k^w\sPkU ^
\]PkU�\[�Mc2Wvg¬{eU�`�\]ca^so !

A =





L5

L6

L4



 , B =





L2

L3

L1





«ce^=��Pkbl`jPV\]PkU�t ��� `j aU ^¢` caZkow\s^]_abdZ¡\¢Pkc � pko�!
BTA = 0

©
A

^wU �k^wU owU Z@\]o¢\]PkU��£cablZ@\¢_i\¢blZSÄkZkbd\ ¦ ca«:\sPkU � blZSUa©
OQPkU�t ��� `j aU�^�T3_i\s^sb¨®�`B_iZz�4U���^sb¨\s\]U�Zz_ao !

[L]× =









0 −L4 L6 −L2

L4 0 −L5 −L3

−L6 L5 0 −L1

L2 L3 L1 0









=

(

[A]× −B

BT 0

)

OQPSU³` _ � bd�k^]_v\]blcaZ �k^wce� � U�T `�ceZkosbdpkU ^wU p blZ \]PSblo�^sU��£ca^w\�bdo2\]c ` ceTV�k�S\sU¥�k^sc|uwU `�\sblceZ!^s_ ¦ o�«ce^¿_ �d�
�kb¨®DU � o�ci«¢_�`B_aTVU ^s_Sm0«^sceTÁblT3_aneU�o�ci«K� � _aZk_a^�` _ � bd�k^]_v\]blcaZzna^sblpSo�blZf�kZk ¡ZkcA��Z±�£caosbd\sblceZSo ©�ÂÃU�_iosos�ST3U
\]Pr_v\�pkU�ZkosU��£cebdZ@\�`�ce^s^wU ow�£ceZSpkU Zk`�U o�_i^sUVnebd{aU Z°m-b¬© Ua©2«ce^��8T3_aZ ¦ ���Sb¨®DU � o m��ÀU�_a^sU3_a� � UV\scfpkU�\]U�^sTVblZkU
\]PkU¥�4cebdZ¡\so�ceZ�\]PSU¥`B_ � bl�k^s_i\]bdceZ ne^wblpko3\]Pr_i\z_i^sU²owU U Z blZ�\sPr_i\¿�kb ®DU � ©�ªÀceTV�k�S\sU p!�k^sc|uwU `�\sblceZ ^s_ ¦ o
��b �d� �4U�`�ceZko¤\]^]_iblZkU�pÃ\]cf` �S\�\]PkU3`B_aTVU ^s_�_v®Dblo�©fOQPSU2` c}ce^spSblZr_i\sU3o ¦ ow\]U�T bdZI��Pkbd`jP `B_ � bl�k^s_i\]bdceZ²��b �d�
�£U�U¯®S�S^sU owosU�p°m�bloy\sPr_i\#ca«¢\]PkU�Är^wow\#`B_ � bl�S^]_i\sblceZ²na^sblp:©Vª�_ � bd�k^]_i\sblceZz\]P¡�ko#` ceZSosblo¤\]o�blZ±`�ceT3�S�S\]bdZkn�\]PkU
�£caosbd\sblceZ�ca«0\]PkUQ` _aT3U�^]_�_v®DbdoK_aZkp�ca«4\]PkUQ�S^scvuwU�`�\]bdceZ�^]_ ¦ o m¡bdZ�\]Pr_i\�` c}ce^spkbdZr_i\sU�o ¦ ow\sU Tz©�OQPkU��k^wce�£caosU p
_a�k�k^wc@_a`jP �S^sc}` U U�pko�� ¦ Är^wow\�U ow\sblT3_i\]bdZkn�\]PkUV`B_iT3U�^]_�_|®Sbdo#_aZkpI\sPkU��4ceowU3ca«Q_ �l� ne^wblpko��k�D\�\sPkU3Är^wow\
ceZkUi©

� � � ���
�#� �¥��� ������� ��� ��� � �! ���"� $ �#�²� #�������	�������� �Á�	���¿$$#
ªÀceZkowblpkU�^¢owceTVU��Sb¨®DU � _aZSp � U�\

Q
_aZkp

Q′
�£UQ\]PSU�`�ce^s^wU ow�£ceZSpkblZkn��4ceblZ@\so¢caZ�\sPkUQ\[�Àc�`B_ � bl�k^s_i\]bdceZ�ne^wblpko�m

nebd{aU Z³_ao#We� �4ceblZ@\]o�blZ¥\]PkU�na^sblpSo � � cD` _ � `�cDca^spkbdZr_i\]U�o ¦ ow\sU TVo ©VµDbdZk` U��MU�` ceZkowblpkU�^�� � _aZk_a^�ne^wblpko�m°�ÀU
blTV�£caosU

Q3 = Q′

3
= 0

©
ÂIU=Pr_B{eUK\]PSUK«c �l� cA��bdZknÀ`�ceZkow\s^]_abdZ@\�ceZ#\sPkU=�4ceosUKca«}\]PkUKowU ` caZkp�na^sblp �

R
′, t′

�°_io��MU �d� _ao+\]PSU=�kZk ¡ZkcA��Z
`B_aTVU ^s_�_v®Dblo

L
!�\sPkU � bdZkU�ow�r_aZkZkU�p¿� ¦

Q
_aZkp

Q′
` �S\so

L
mkPSU Zk`�U�blo�`�ce� � _iZr_a^M��b¨\]P�b¨\B©&%�U Zk`�Uamk«ce^M\]PkU

` ce^w^sU�`�\��£caosU#_aZkpz`B_aTVU ^s_�_v®Dblo mD�ÀU#T��ko¤\�Pk_A{aU !

QT[L]×

(

R
′ t′

0T 1

)

Q′ = 0

%�U Zk`�U !




Q1

Q2

Q4





T 



0 −L4 L6 −L2

L4 0 −L5 −L3

L2 L3 L1 0





(

R̄′ t′

0T 1

)





Q′

1

Q′

2

Q′

4



 = 0

')( 9*')+



� ¼��:¼�½¯¸¬º��K¶a¹ ¸�� ½s¶��8¸
	���	����·e¸8¶a¹��K¶a»�¼�½w¶v¾ �

��PkU ^wU
R̄′

^sU�«U ^soQ\sc�\sPkU
3× 2

ow�k�kT3_i\]^wb¨®�ca«
R
′
` ceZ@\j_iblZkbdZkn�ceZ �¨¦ \sPkU�Är^so¤\�_aZkp¿\]PkU�owU ` caZkpf^wcA��o ©KÂÃU

\]P¡�koMPr_B{eU�\sPkU�«c �l� c|��bdZkn
3×3

\]U�Zkosce^¢\]Pr_v\M` _aZ��4U�U ow\sblT3_i\]U�p � blZkU _a^ �¨¦ «^wceT �£cablZ@\¢` ce^w^sU ow�£caZkpkU ZS` U o�!

F ∼





0 −L4 L6 −L2

L4 0 −L5 −L3

L2 L3 L1 0





(

R̄′ t′

0T 1

)

�¤�1�

Yh\�Pr_ao�ceZ �d¦ ��pSU ne^wU U o�ca«-«^sU U�pkceT ��$�g���«ce^�os` _ � UimSgj��«ce^�^]_iZk eg[pkU�Är` bdU Zk` ¦ �Qosc�\]PSU3�A���kZS }ZSc|��ZSo ��4
«ce^�\]PSU#` _aTVU ^]_�_v®Dbdo m0W�«ce^

R
′
_iZkp�W�«ce^

t′
��`B_aZzZkca\��4U�^sU�` cA{eU�^sU pz«^sceT bd\B©

ÂIU�ZSc|� � cDce �_i\À��Pr_v\�`B_iZ¿_a`�\s�r_ �l�¨¦ �4Uy^sU�` cA{eU�^sU p�«^wceT
F
© � U�\Q�ko¢Är^so¤\QZkca\sbl`�U�\sPr_i\�b¨\]o � U�«à\MZ¡� �l� g

{eU�`�\]ca^#bdo
(L3,−L2, L4)

T �bd\y\s^s� �¨¦ bdo�\]PSUVZ¡� �d� g¬{eU `�\]ce^�m+_ao�` _aZ±�£U�U _aosb �d¦ {eU ^wbdÄrU�p³��PSU Z±\j_a ¡blZSn�blZ@\]c
_a` `�ce�kZ@\�\sPkUyt ��� `j aU ^M` ceZSow\]^s_ablZ@\ ��©�ÂIU�\]P¡�koM`B_aZ�^sU `�cA{eU ^Q�#ca«+\sPkU 4��r_a^]_iT3U�\]U ^woMci«°\]PkU�`B_aTVU ^s_�_v®Dbdo ©
OQPr_i\KZ¡� �d� gh{aU `�\]ce^=`�ceZ@\j_abdZko=_a`�\]�r_ �d�d¦ \]PkUQ`�cDca^spkbdZr_i\]U�o�ca«0\]PSU�` _aTVU ^]_�_|®Sbdo �iblZ@\]U�^sosU�`�\sblceZ���bd\sP�\]PkUQÄr^wow\
ne^sbdp �blZ±� � _aZkU�` c}ce^spSblZr_i\sU o ��©�Yh\so�Wa� ` c}ce^wpkblZr_v\]U o#_a^wU�nebd{aU ZÃ� ¦

(L3,−L2, 0, L4)
T ©¿µDblTVb � _a^ �¨¦ m4\]PkU

^sbdneP@\QZ¡� �l� gh{eU�`�\sce^�ca«
F

nebd{aU oÀ\sPkU�� � _iZkUy` c}ce^wpkblZr_v\]U oÀca«�\]PkU�_v®Dbdo �SbdZ@\]U ^wosU�`�\]bdceZ2��bd\sP2\]PkU�owU `�ceZkpzne^sbdp°©
�ÀU owblpkU�oÀ\]PSblo

F
_ � osc�nebd{aU oÀ`�ceZko¤\]^]_iblZ@\]oMceZ

R
′
_aZkp

t′
©KÅrce^¢U�®S_aTV� � U

R
′
` _aZ2�4U�U¯®D\s^]_a`�\]U�pz�S��\]c���\]c#4

osc � �S\]bdceZko�©¢ÂIU#��b �l�°� _i\]U�^�ce�kosU�^w{aU�\]Pk_i\�ceZk` U��MU � cD` _ �l�¨¦ owPkbd«à\�\]PSU�bdZ¡\sU ^wosU `�\]bdceZf�4cebdZ¡\so mr�4U�\[�MU U�Z²\]PkU
`B_aTVU ^s_�_v®DbloQ_aZSpz` _ � bd�k^]_v\]blcaZ�ne^wblpko�mD\]c�\sPkU�ce^sbdneblZSoÀca« \]PkU�^wU ow�£U�`�\]b¨{eU�ne^wblpkoÀ\sPkU�{eU�`�\]ca^

t′
��b �d�:� bdU�ceZ

\]PkUV`B_iT3U�^]_�_|®Sbdo ©3Y[Zkos�kb¨\]UVca«Q_ �l� \]PSU osU�_apkpkb¨\]bdceZr_ � `�ceZko¤\]^]_iblZ@\]o�m	_a^wblowblZkn�«^scaT _v®Db§_ � naU ceTVU�\s^ ¦ m�\[�Mc
{}blU���o#ca«À`B_ � bl�k^s_i\]bdceZ²ne^wblpko#_a^wUVZSca\#os���V` bdU Z@\#\]c¿�kZkb ´ �SU �d¦ U¯®}\]^]_i`�\

R
′
_aZkp

t′
©�OQP¡�ko��ÀUV�kosU�\]PS^sU U

`B_ � bl�k^s_i\]bdceZ2ne^wblpko�_io�pSU os`�^sbd�£U�pf�4U � c|��©
� �������/� ����������������� �¿$+� � � ��� �	�Q�  ���"��$ �#� ������������������� �Á�-� �¿$
� U�\

Q
m
Q′

m
Q′′

^wU�«U�^�\]c�\sPkU�na^sblp��£cebdZ@\]o�` ce^w^sU ow�£caZkpkblZSn�\]c�_3osblZSn � U��kb¨®DU � blZz\]PkU�\]Pk^wU U�ne^wblpko�©�OQPkU
�£caosU o�ca«-\]PkU�ne^wblpko�_a^wU

(I, 0)
m
(R′, t′)

_aZkp
(R′′, t′′)

^sU�os�4U `�\]bd{aU �¨¦ ©Qµ}blZk`�U�\sPkU�\]Pk^wU U��£cablZ@\]o
Q

m
Q′

_aZkp
Q′′

_a^wU�` c �d� blZSUB_a^K�ÀU��kowU�\]Pkbdo�` ceZSow\]^s_ablZ@\Q\sc�U�®}\]^s_a`�\�\]PSU��£ceowU o�ca«�\]PSU�`B_ � bl�k^s_i\]bdceZ�ne^wblpko "¨�|�1&¬©�)�{eU�^ ¦
3× 3

os�k�ST�_i\s^sb ®�ca« \]PkU�«c �d� cA��blZSn
4× 3

T�_i\s^sb ®2Pr_io   U ^wc3ow�k�4pkU�\sU ^sTVblZk_aZ@\B©
(

Q

(

R
′ t′

0T 1

)

Q′

(

R
′′ t′′

0T 1

)

Q′′

)

OQPSU2os�k�ST�_i\s^sbd` U o�` ceZSow\]^w�k`�\sU p � ¦ ^wU TVcA{DbdZkn�\sPkU3Är^wow\�_iZkp \]PkU3osU�` ceZkp ^wc|��o � UB_ipÃ\]c�\sPkU�`�ceZDg
ow\s^]_abdZ¡\so ∑

CiT1i = 0
_aZkp ∑

CiT2i = 0
^wU ow�£U�`�\]b¨{eU �d¦ �)_ao3pkU ow` ^sbd�£U�p blZ/O	_a� � UI����© OQPkU owU±_a^sU

Zkca\sPkblZknI�k�S\�PSceT3caneU ZkU�ce�ko � blZSUB_a^�o ¦ o¤\]U TVo�ca«�\sPkUf«ce^wT
AX = 0

© OQPSU²�kZk ¡ZkcA��Z {eU�`�\]ca^
X

blo
«ce^sTVU p2«^wceT \]PkU�� 4�{i_a^wb§_a� � U o �

Ci

��©�)K_a`jPzca«�\]PkU�osUy{i_a^sbl_a� � U oQ_a^wUy` ca�k� � U�p¿` c}U��V` bdU Z@\]oQca«�\sPkU��£caosU o
ca«K\]PkU�ne^sbdpko ©yOQPSU�T�_v\]^sb ®

A
blo�` ceZSow\]^w�k`�\sU p³� ¦ o¤\j_a`j ¡blZSn2\]PkU�\s^sb � blZSUB_a^Q\]U�Zkosca^so

T1
_aZSp

T2
m£��Pkbd`jP

`B_aZ��£U�` ceTV�k�S\sU p�«^wceT�\]PkU�` c}ce^spSblZr_i\sU o�ca«
Q

m
Q′

_iZkp
Q′′

©�Y[Zf«�S\]�k^wU���PkU�Z²�ÀU�^sU�«U ^�\sc�\]PSU�^]_iZk 
ca«K_ � bdZkUB_a^Qo ¦ ow\]U�T

AX = 0
mr�MU�^wU�«U�^�\]c�\sPkU�^s_aZk �ca«-\]PkU#T3_i\]^wb¨®

A
©�OQPkU#^]_aZk �Pk_ao�\sc��4U�caZkU � U owo

\]Pr_iZ2\]PkU�Z}�ST��£U�^�ca«+{i_a^wb§_a� � U oK\]c�U�ow\sblT3_i\]U�\]PkU�T �SZkb ´ �kU �d¦ �k�S\sc�_�os` _ � Ui©KÅrce^MU¯®S_aT3� � UamDUB_a`jP�ci«+\]PkU
_a�4c|{aU � bdZkUB_i^�o ¦ ow\]U�T3o�T��kow\�Pr_B{eU�_V^]_aZk zca«Q�BWV\]c�U ow\sblT3_i\]U�\]PSU�` c}U��V`�blU Z@\so��

Ci

���kZkb ´ �kU �¨¦ ©�OQPkU owU
o ¦ ow\sU TVo��ÀU�^sU��kowU p \]c¥` _ � bd�k^]_i\sU�`�ceT3� � U�\sU �¨¦ ZkceZDgh` U Z@\s^]_ � ` _aTVU ^]_io "¨�A�1&)© %�c|�MU�{aU ^�blZI\]PkU�` _aosU�ca«
_v®Db§_ � `B_aTVU ^s_ao m£\]PkU�osU�o ¦ ow\sU TVoy�ÀU�^sU�«ce�kZSp±\sc�Pr_B{eU�_2^s_aZk �ci«��A�D©�OQPkblo�bdT3� � blU�o�\sPr_i\y\sPkU�osc � �S\]bdceZ
`B_aZ�Zkca\M�£U�ce�S\]_ablZkU�p3�SZkb ´ �kU �d¦ ©	Y[Z2ce^spSU ^K\]c�^wU owc � {aU�\sPkbloM_aT��kbdne�kb¨\ ¦ �MU���b �d� ZkU U�p2TVce^sU�` ceZSow\]^s_ablZ@\so ©
���	� 
�������������������������� �!���"���$#%�&��'��)($�*� ������,+-�*��#$�
��owblZkn�\]PkU�\sU `jPkZkb ´ �kU�pSU os`�^sbd�£U�p�UB_i^ � bdU ^À�MU#` ceTV�k�S\sU�\sPkU�blZ@\]U�^sowU `�\sblceZzca« \]PkU�` _aT3U�^]_V_v®Dblo���b¨\]P¿\]PkU
\]Pk^wU U�ne^wblpko�_i\

a
m
b

_aZSp
c

^sU ow�£U�`�\sbd{eU �d¦ ©�ÂIU�\]^s_aZko � _i\sU�\]PSU � c}`B_ � ne^wblp²`�cDce^wpkblZk_i\]U�oyos�k`jP¥\sPr_i\y\sPkU owU
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1
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1
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′

4
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R′
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1
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2
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3
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3
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O-_a� � U��%!=O ^sbd«c}`B_ � \]U�Zkosca^�bdZ�\]PkU�neU�ZkU ^wbl`�`B_ � bl�k^s_i\]bdceZ�ci«	`�ceT3� � U�\sU �¨¦ ZkceZ}g[` U�Z@\]^]_ � `B_aTVU ^s_ao ©

blZ@\]U�^sowU `�\sblceZ¥�4cebdZ¡\soy�4U ` caT3U�\sPkU bd^y^sU�os�4U `�\]bd{aU�ce^sbdneblZko�©yÂ!bd\sPkce�S\ � ceowoyca«¢neU ZSU ^]_ � bd\ ¦ �MU�` ceZ@\]bdZ¡�kU�\]c
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����� � ��� '����$�-�*� �� �&���$�  �*�������� ��� �-� � ��' � �	� �������
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Q′

_aZSp
Q′′

�d¦ bdZkn�ceZ±_
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αijQ
′
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Q′

4_aZkp
Q′′
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_a^sU�Zkci\��k^sU�osU Z@\��4U `B_i�kosU�ca« \]PkUy\sPk^sU�U   U ^wceoQblZ�\sPkUyÄr^so¤\�` c � �kTVZ°©	ÂIU#` _aZ¿osc � {eUy\sPkblo � blZkU _a^
o ¦ ow\sU T \sc²` caT3�k�D\]U ^�\]PkU2owc � �D\]blcaZko�«ce^

αij

©²ÂIU2U�®D�r_iZkp \]PkU�_i�£cA{eU � blZkU _a^#o ¦ ow\sU T�_aZSp pkc²oscaT3U
_ � naU �k^s_abl`yT3_aZkbd�k� � _i\]bdceZ°©
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′
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′
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′
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−
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OQPkbloM��b �l� U Zk_a� � U��koÀ\]c�^wU �k^wU owU Z@\��£ci\]P
T29

_aZkp
T113

mD«^scaT�\sPkUyUB_i^ � bdU ^¢o ¦ ow\sU TVo mrbdZ�\]U�^sTVo�ca«�ca\sPkU ^
{i_a^sbl_a� � U�oQblZ2\sPkU�\]U ZSosce^wo
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_aZkp

T2
^sU ow�£U�`�\sbd{eU �d¦ ©

T29 = −
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��osbdZkn�\]PkUK_i�£cA{eUK^wU � _v\]blcaZ��MU¢ca�S\j_abdZy\[�Àc�ZkU�� `�ceZkow\s^]_abdZ@\]o+neb¨{eU Z�� ¦ ∑

AiA1i = 0
_aZkp ∑

AiA2i =
0
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′

3,1) + t′
3
(R′

1,1R
′′

2,1 − R′′

1,1R
′

2,1)� �
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′
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′
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_aZ�_v®Dbl_ � `B_aTVU ^s_S©KªÀceZSosU ´ �kU�Z@\ �d¦ �MUy`B_aZ3ceZ �¨¦ ce�S\j_iblZ�\]PkU�^sU ´ �kbd^sU�p2osc � �S\]bdceZVblZ3_�os�k�Sos�r_a`�Uyos�k_aZkZkU�p
� ¦ \[�Mc�{eU `�\]ce^wo ©KY[Z�ca\sPkU ^À�Mce^wpko�ce�k^À^sU ´ �kbd^sU�p�osc � �S\]bdceZ�bdoÀ�k^wU osU�Z@\�blZ�\sPkUyos�S�kos�r_i` U�os�k_aZkZkU�pz� ¦ \]PkU
\[�ÀcfU bdneU Z@{eU�`�\sce^so#` ce^w^sU�os�4ceZkpkbdZknz\sc�\]PkU � _iow\�\[�Mc�U bdneU Z@{i_ � �kU o�ca«

AT A
© � U�\

V
_iZkp

V P
^wU �k^wU osU�Z@\

\]PkU3\[�Àc¥U�blneU�Z¡{aU `�\]ce^wo�«ce^�\sPkU�Är^wow\�`�ceZko¤\]^]_iblZ@\B©±µ}blTVb � _i^ �d¦ �MU��kosU
W P

bdZ _apSpkbd\sblceZ³\]c
W

«ce^#\]PkU
osU�` ceZkpz` caZkow\s^]_abdZ¡\ ©�ÂÃU�^wU �k^wU owU Z@\�ce�k^�^wU ´ �kbl^wU p¿osc � �S\sblceZ2bdZ2\]U�^sTVo�ca« �kZk ¡ZkcA��Zz�r_a^]_iT3U�\]U ^wo

λv

_aZkp
λw

©�OQP¡�ko�� ¦ `�ceT3�S�S\]bdZkn3\sPkU owU��r_a^]_iT3U�\]U ^wo��MU���b �d� �4U�_a� � U�\sc2^sU�T3cA{eU�\sPkU�pkU�neU ZSU ^]_i` ¦ �S^sce� � U Tz©
Y[Zf\sPkU�«c �l� c|��bdZkn��MU�pSU os`�^sbd�£U#_�T3U�\]Pkc}p�\]c�` ceTV�k�S\sU�\]PkU�osU�\[�Àc3�r_a^]_iT3U�\]U ^wo © '�cA� \]PkU#` c �d� bdZkUB_a^wbd\ ¦
` ceZSow\]^s_ablZ@\so�_i^sU�osPkcA��Zf�£U � cA��©

i=14
∑

i=1

Ci(Vi + λvV
P
i ) = 0

i=14
∑

i=1

Ci(Wi + λwW P
i ) = 0

År^wceT \]PkU�\j_a� � UQ�ÀU�`B_aZ2ca�kosU�^w{eU�\]Pr_i\¢\]PSU�Är^wow\ÀÄS{eUyZkcaZ   U�^sc�U � U TVU Z@\soÀ^sU��k^sU�osU�Z¡\sU p¿� ¦
V +λvVP_aZkp

W +λwW P
_a^sU�\]PkU�o]_aTVUa© ��osbdZkn�\sPkblo¢^sU � _i\sblceZ��ÀU�`B_aZ2`�ceTV�k�S\]U

λv

_aZSp
λw

b¨«°\]PkU�^]_aZS Vci«+\]PkU
«c �l� cA��blZkn�T3_i\s^sb¨®�blo�WD©













V6 V P
6

W1 W P
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V7 V P
7

W2 W P
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V8 V P
8

W3 W P
3

V9 V P
9

W4 W P
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V10 V P
10

W5 W P
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+ λw













W P
6

W P
7

W P
8

W P
9

W P
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W6

W7

W8

W9

W10













��owblZkn�\sPkU�_a�4cA{eUy^wU � _i\]bdceZ3�MUy` caT3�k�D\]U�\sPkU�{i_a^sbl_a� � U o¢�k�2\]c�\sPkU�`�ceTVT3ceZ3os` _ � U�_iZkp2^sU��k^sU�osU�Z¡\�b¨\À� ¦
V ′ + λvV P ′

_aZkp
W ′ + λwWP ′

©

R′

3,1 ∼ (V ′

6
+ λvV

′P

6
) ∼ V ′

6
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R′

3,2 ∼ (V ′

7
+ λvV

′P

7
) ∼ V ′

7

R′′

3,1 ∼ (−V ′

8
− λwV ′P

8
) ∼ −V ′

8

R′′

3,2 ∼ (−V ′

9
− λwV ′P

9
) ∼ −V ′

9

λR′

3,1 = V ′

6

λR′

3,2 = V ′

7

λR′′

3,1 = −V ′

8

λR′′

3,2 = −V ′

9

'�U¯®D\��MU#`�ceZko¤\]^s�S`�\�_�o ¦ ow\]U�TÁca« � blZkU _a^�U ´ �k_i\]bdceZko�«ce^QU�{a_ � �r_i\sblZkn
R′

2,1

m
R′

2,2

m
R′′

2,1

m
R′′

2,2

_aZSp
λv

©









−V ′

8
0 −V ′

6
0 −W ′P

11

−V ′

9
0 0 −V ′

6
−W ′P

12

0 −V ′

8
−V ′

7
0 −W ′P

14

0 −V ′

9
0 −V ′

7
−W ′P

15





















R′

2,1

R′

2,2

R′′

2,1

R′′

2,2

λv
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V ′
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V ′
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V ′

15









OQPkU�^s_aZk zca«=\]PkU�_a�4c|{aU�o ¦ o¤\]U T blo�4k©�µDc2\sPkU�owc � �D\]blcaZ�blo�ce�S\]_ablZkU�p�bdZ¥_�os�S�kos�r_i` U�os�k_aZkZkU�p¥� ¦ \[�Mc
{eU�`�\]ca^so

a
_aZkp

b
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R′

2,2

R′′
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λv
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OQPkU Z �kowU�\]PSU2ce^w\sPkceZkca^sT3_ � �k^sce�4U ^¤\]bdU o�ci«Q\]PkU2^wca\j_v\]blcaZÃT3_i\]^wb¨®±\]c�` ceTV�k�S\sU3\]PSU � bdZkUB_a^�«8_a`�\]ce^
l1
m

��Pkbl`jP¿bdoM\]PSU Z��kowU p�\]c�`�ceT3�S�S\]U
λv

©¢µDbdT3b � _a^ �d¦ �MU�`B_iZ�` ceTV�k�S\sU
λw

© � Zk`�Uy�ÀUy`�ceTV�k�S\]U
λv

_aZkp
λw�ÀU�` _aZ2«c �l� cA��\]PkU�U _a^ � blU�^�_ � nece^sb¨\]PkT nabd{eU�Z�blZ2owU `�\]blcaZ��}© ��ca« " � 4�&£\]c�U¯®D\s^]_a`�\Q\]PkU�bdZkpkb¨{Dbdpk�r_ � TVca\]bdceZ

�r_a^s_aT3U�\]U�^so © '�ca\sU�\]Pk_i\�\]Pkbdo�_ � nece^sb¨\]PkT�bdo�_ � osc¿_a�k� � bl` _a� � U#«ce^�` ceTV� � U�\]U �d¦ neU ZSU ^]_ � `B_aTVU ^s_ao m+ca^yblZ
ca\]PSU ^Q�Àca^spko�\]PkU�ZkcaZk` U�Z¡\s^]_ � ` _aTVU ^]_io ©=Y[Zzos�k`jPf`B_aowU o��ÀU�«ce�kZkp�\sPr_i\�\]PkU

λv

_aZSp
λw

�MU ^sU  �U ^scao ©

� � �¿� ����� � �����z$°� " ����� ���#�	" ��� ��������

ÂÃUÀnebd{aUÀ\]PkUÀpkU�\]_ab � o	ca«4_y�k�SZkp � U�_apvuw�ko¤\]TVU Z@\���Pkbd`jP�^sU�ÄkZkU o�\sPkU�U o¤\]bdT�_i\sU p�` _aTVU ^]_�_v®Dblo=_aZSp��£ceowU o=ca«
\]PkU=` _ � bd�k^]_v\]blcaZ�ne^wblpko�©-OQPkbdo°blo+owblTVb � _a^r\]cQce�k^+U _a^ � blU�^:TVU�\]PScDp�" �|��&)m|U�®D` U��S\�\]Pr_i\+�MU=Pr_B{eU¢_aZ#_apSpkbd\sblceZr_ �
` ceZSow\]^s_ablZ@\�` ceTVblZknz«^sceT \sPkU2`B_iT3U�^]_�_|®Sbdo ©fOQPkU��k�kZkp � U2_ipvuw�kow\sT3U�Z@\�blo#pkceZkU�� ¦ TVblZkbdT3b   blZSn2\]PkU
pkblo¤\j_aZS` U��4U�\[�MU U Z±\]PSU�ne^sbdp²�£cablZ@\]o�_iZkp¥\]PkU�`�ce^s^wU os�4ceZkpSblZkn��k^wcvuwU `�\]bdceZ¥^]_ ¦ o ©�OQPkU�` ceo¤\�«�kZk`�\]blcaZ¥blo
nebd{aU Zz�£U � cA��©

Cost =

n
∑

i=1

∑

j=1

(A + λiD + µjiDi − [RjTj]Qji)

� (A,D)
g¢^sU �S^sU owU Z@\]o�\]PkU#_v®Dbdo �8�4ceblZ@\BmSpkbl^wU `�\sblceZ��

� Di

g¢�kZkbd\�pSbl^sU�`�\sblceZ2{aU `�\sce^�ca«-\sPkU
ith

�k^scvuwU�`�\sblceZ¿^]_ ¦
� λi

g¢�k_a^]_aTVU�\sU ^QowU � U�`�\sblZkn�\]PSU#bdZ@\]U ^wosU�`�\]bdceZ¿ca« \]PkU
ith

^]_ ¦ _aZSpz\sPkU#_v®Dblo

')( 9*')+



� ¼��:¼�½¯¸¬º��K¶a¹ ¸�� ½s¶��8¸
	���	����·e¸8¶a¹��K¶a»�¼�½w¶v¾ �e�

� Qji

g¢ne^sbdpz�4cebdZ¡\�caZ¿\sPkU
jth

ne^wblp �d¦ bdZkn�\]PkU
ith

^]_ ¦
� µji

g¢�r_a^]_iT3U�\]U ^QowU � U `�\sblZkn�\sPkU��£cebdZ@\�ceZ�\]PkU
ith

^]_ ¦ ` � ceowU ow\�\sc
Qj

� �
Rj,Tj

�¢g¢�£caosU�ca« \]PkU�`B_ � bl�S^]_i\sblceZ2na^sblp

� ���2���� ����  ����� ���+�-� 
 � ����� � �2����������¿$

� �k^Q«ce^sT�� � _i\sblceZ2` _aZz` � _iososb¨« ¦ _�nebd{aU Z¿`B_iT3U�^]_�blZ@\]c�U b¨\]PkU�^�_v®Db§_ � ce^�Zkca\B©¢Årce^�U¯®S_aT3� � U�ceZz_a�k� �¨¦ blZkn
ce�k^�TVU�\sPkcDp�ceZ³_v®Db§_ � pr_i\]_��ÀU�ce�S\]_ablZ��kZkb ´ �kU�owc � �D\]blcaZko © � Z¥\]PkU�ca\sPkU ^�Pr_aZkp°m�_2`�ceTV� � U�\]U �¨¦ ZkceZDg
` U�Z¡\s^]_ � ` _aT3U�^]_���b �d�k� U _ap�\]c�_aZ3bdZk` caZkosbdow\]U�Z@\ �Zkc#osc � �S\]bdceZ.��me��PSU ^sU _aoM_#`�U Z@\]^s_ � `B_aTVU ^s_���b �l� �S^sc}pk�k` U
_�^]_iZk ¿pkU�Är`�blU�Z¡\yo ¦ ow\sU T0�8_aT��kbdne�kce�So�owc � �S\sblceZSo ��©�OQP¡�ko�ce�S^�\sU `jPkZkb ´ �kU��k^sc}pk�k`�U oy�SZkb ´ �kU�osc � �S\]bdceZko
ceZ �¨¦ «ce^ _v®Db§_ � ` caZSÄrne�k^s_i\]bdceZko�©-OQPkbdo�`B_aZ#�£UK�kowU p�_ao�_�owblTV� � U-\]U o¤\ blZ�osbdT�� � _v\]blcaZko£\sc�o¤\]�kp ¦ \sPkUKZr_i\s�k^sU
ca«K` caT3� � U�®f`B_v\j_apkbdce�S\s^sbl`�_a^w^]_aZknaU TVU Z@\]o��8_aoyowPkcA��Z¥blZ¥Å	bdne�k^wU��)�8_����¯©�µDbdZk` U�_|®Sbl_ � `B_aTVU ^s_aoy_a^wU � U�oso
^sU�ow\]^wbl`�\]bd{aU�\sPr_aZ�`�U Z@\]^s_ � `B_aTVU ^s_ao m0\]PkU ¦ `B_aZ²�4U#UB_aowb �d¦ `�ceZko¤\]^s�S`�\]U�p²�kowblZknV{a_i^sblca�ko�`�ceT��kbdZr_i\sblceZko�ca«
T3bd^s^wce^so¢_aZkp � U�ZkosU�o ©KÅrce^KU�®S_aTV� � U�\]PSU ^sU�_a^sU�{eU�^ ¦ «U��!`�U Z@\]^s_ � ` ceZSÄkne�k^]_v\]blcaZko�" ��& �8_ � owc�owU UyO-_a� � U�����©
År�k^w\sPkU ^wT3ce^wU�\sPkU owU�` ceZSÄkne�k^]_v\]blcaZkoQ_a^wU�pkb �3`�� � \M\]c��k�Sb � p�_aZkp�T3_ablZ@\]_ablZ°©-Årce^ÀU¯®S_aT3� � UamDblZ�_�` U Z@\s^]_ �
`B_i\]_apkbdce�S\]^wbl`#`B_aTVU ^s_3��bd\sP²P ¦ �£U�^s�4c � bd`�TVbl^w^sce^�_aZkp²�4U ^wos�4U `�\]bd{aU�`B_aTVU ^s_Sm£\sPkU�ca�S\]bd`B_ � ` U�Z¡\sU ^�Pr_io�\]c
�£U�� � _a`�U p²�S^sU `�blowU �d¦ ceZ²caZkU�ca«=\sPkU�TVbl^s^wce^ � o�«cD` _ � �4cebdZ¡\so © � Z�\sPkU�ca\sPkU ^�Pr_aZkp°m4\]PkU�ce�S\]bd`B_ � ` U�Z@\]U ^
`B_aZz�4U�_iZ ¦ ��PkU�^sU#ceZ¿\]PkU�TVbl^s^wce^�_|®Sbdo�\]cVPr_B{eU�_aZz_v®Db§_ � neU ceTVU�\s^ ¦ ©

TVbl^w^sce^ `�\s^ � ��£U�^so � _v®Db§_ � �8�4U ^so � Zk`�\]^ � �8�4U ^so � `�\s^]_ � �ce^w\sPkc,� _v®Db§_ � �8ce^¤\]Pkc,� Zk`�\]^ � �ce^w\sPkc,�
P ¦ �4U ^w�£c � bl` c

=
« c

∈
x � c

/∈
x � g � �

‖
x � � �

∦
x �

os�kPSU ^sbd`B_ � g _ � ��_ ¦ o g g _ � �À_ ¦ o g
�r_a^]_i�£c � bl` g c

∈
x � c

/∈
x � � �

‖
x � g � �

∦
x �

U �d� bd�S\]bd` c
=

« c
∈

x � c
/∈

x � g � �
‖
x � � �

∦
x �

`�ceZkU g c
∈

x � c
/∈

x � g � �
‖
x � � �

∦
x �

� � _aZr_i^ _ � �À_ ¦ o g � � _iZr_a^ g g g
T3bd^¤g[^wca\ g _ � ��_ ¦ o g g _ � �À_ ¦ o g

O	_i� � UV� !#ª�_v\j_apkbdce�S\s^sbl`�` ceZSÄkne�k^]_v\]blcaZko © '�ca\j_v\]blcaZko !�`�\]^ � �8�4U ^so ��g�` U Z@\s^]_ � `�ceZSÄrne�S^]_i\sblceZ²��b¨\]P±�£U�^¤g
os�4U `�\]bd{aU�`B_aTVU ^s_Sm�Zk`�\]^ � �ce^w\sPkc,��gyZkceZDgh` U�Z¡\s^]_ � ` ceZDÄrne�k^s_i\]bdceZI��b¨\]P ce^¤\]Pkcane^]_a�SPkbl`V`B_aTVU ^s_Sm�TVbl^ g[^sci\
g�T3bd^s^sca^yce�S\]_ablZkU�pI� ¦ ^wca\j_i\sblZkn¿_¿� � _aZr_a^�`��k^w{aU2_a�4ce�S\�\]PSU3ce�D\]bl` _ � _v®Dbdo m�c¿g�ce�D\]bl` _ � `�U Z@\]U�^�ca«M\]PkU
�£U�^sow�£U�`�\]b¨{eU�` _aT3U�^]_Sm}«°g�«c}` �koÀca«+\]PkU�T3bd^s^sca^ mDx � g�T�_|uwca^À_v®Dbdo�ca«�TVbl^s^wce^ m � � gKce�D\]bl` _ � _v®Dblo�ci«+\]PkU
`B_aTVU ^s_Sm

=
^sU�«U�^soQ\]c�os_aT3U � cD` _i\]bdceZ°m

∈
g � bdU o�ceZ:m

‖
g[�r_a^s_ �l� U � m

∦
g[Zkca\��k_a^]_ �d� U � ©

� � � �¥���-��" ����� $

� �	� � � ���$'�� �� ���
ÂÃU¥o¤\j_a^¤\]U�p!��b¨\]P �4U ^¤«U `�\z_|®Sbl_ � ` ceZSÄkne�k^]_v\]blcaZko�«ce^�\sPk^sU�U¥os`�U Zr_a^wblceo-�8_ao�osPSc|��Z!bdZ!Å	blne�S^sU o��)�)_ ��m
�8�.��_aZkp �`�����_aZkp¥ne^s_apk�r_ �l�d¦ `jPr_aZkneU�\]PkU�`�ceZSÄrna�k^]_i\sblceZSo�\]c�T�_a iU�\sPkU T�ZkceZDgh` U�Z¡\s^]_ � ©�ÂIU ´ �r_aZ@\]b¨« ¦
\]Pkbdo�`jPr_iZkneU�«^wceT�\]PkUf�£U�^w«U `�\¿_v®Db§_ � `�ceZSÄrna�k^]_i\sblceZ _ao2pkbdos�r_i^sbd\ ¦ © Årce^VU�®S_aTV� � UamQblZ�Å	blne�S^sU��)�)_ ��m
\]PkU�pkbdos�r_i^sbd\ ¦ ^sU��k^sU�osU Z@\so�\]PSU#pSblow\]_aZk`�U��£U�\[�ÀU�U Z�\sPkU�ce�S\sbl`B_ � ` U�Z¡\sU ^�ca« \]PkU��4U ^wos�4U `�\sbd{aU�` _aT3U�^]_�_aZkp
\]PkU�ca^w\]PScene^]_i�kPkbl`#`B_iT3U�^]_2_v®Dbdoy�r_aowosblZSn�\]Pk^wce�kneP²\sPkU�`�U Z@\]U�^�ca«K\]PkU�ow�kPkU�^sUa©#OQPkbdoyce�S\sbl`B_ � `�U Z@\]U�^�blo
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blZkb¨\]bl_ �l�¨¦ _i\#_�pkblo¤\j_aZS` U�ca«ÀW��kZkbd\soy«^sceTÁ\]PSUV`�U Z@\]U�^�ca«M\sPkU�os�SPkU ^wU �à��Pkbl`jP³bloyci«À^s_apkbl�So����kZkbd\ ��©�Y[Z
Å	blna�k^sUy�?�8�.�¯mD\sPkUypkbdos�r_a^wbd\ ¦ ^sU��k^sU�osU�Z¡\so�\sPkUypkbdow\]_aZk` U��£U�\[�ÀU�U Z¿\]PkUyca�S\]bd`B_ � ` U�Z¡\sU ^Qca«�\sPkUy�4U ^sow�£U�`�\sbd{eU
`B_aTVU ^s_�_aZkp¿\]PkU�T3_|uwce^�_v®DbloQci«-\sPkU�P ¦ �4U ^w�£c � ceblp:©=Y[Zkbd\sb§_ �d�d¦ \]PkU�ce�D\]bl` _ � `�U Z@\]U�^�bdo�_i\�_�pkblo¤\j_aZk`�U�ca«=�
�kZkb¨\]o�«^wceT�\]PSU�\]bd��ca«	\]PkU�P ¦ �4U ^w�£c � ceblp:m0��PSceosU#\[�Àc�^s_apkblb�_i^sU��V_aZkp �B�3�kZkb¨\]o�©�Y[Z²Å	blne�S^sU��)�8` ��m4\]PkU
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