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}f��nFnF{F¿*i��Q�¢n�{��¢nK��� �¢��»¢¼)�±}fjSnF�I� j��I���­n<�H}�nK�'°²�fn<n
}f��nFnt����ng��{f{¸�|�����#}fnF�Q{���mong¼�nF�¯£IjI} {<»z���¢�o}�jlngmQ���­�
�I�¢nF�f��}��­���'��{C}f�8)�{��lº¯�¯}7*t���zyd�f�z��}fnF�o}f��nFnt�­�H}��>�
{��lmvµ¶¼)�±}fjO���zn�1'�<�¯nF�I} {

±1
¹���°�{¸�1� j��I���­n<�H}�nK�Q°²�fn<n
}f��nFnF{F¿

i�jln��1���¢nF�>��{d���f£I���1�¯³FnF�=��{�°²��º­º­�#¼4{<¿93Ã�=}�j1n��ln<Åz}o{�nF��}��­���½¼;n��ln�}f���¯º�}�j1n��|��{f���fn�}��­³F��}��­���½��°
�I�|}��­mQ��º&�<���H}��f��ºï�l�f���1º¯nFmo{��zy��)�l�l£In�·Ã¾
�|}¸} �d{f� jlnFmdnK{<»l���1��{¸j1�#¼ }�j1n���nFº­��}��­����¼)�±}fj��¢����}��¯}��­���lnK�
{�yzmo�lº¯nK�9}f�­�
�)�l�1£�n�·Ã¾
�|}�}f�d{�� jlnFmonF{F¿�{f�#}f�­{¸°²yz�¯�1£Oµ² H¹�¿Ci�jln<���­��{�nF��}��­�����>¼;n
��nF®z�¯nF¼ }�jln
}fjln<�I��yQ��°
�I�f�ln<�����I�1�|�¯}��­���1{�°²�����1���¸}f�±}f�¯�I�lnF�Ä�)�l�1£�n�·Ã¾
�|}�}f�S{f� jln<monF{F¿�w|nF�9}f�¯�I�Æ S�¯�H}��f�|�|�1�<nF{��I���­n<�H}�nK�O°²�fn<n
}f��nFnF{F»X���1�S{�jl�#¼4{4jl�#¼ }fjln��I�f�|nF�t�<���1�|�¯}��­���¢{r�<���S�¢ndn�Å|�l�fnF{f{�nF���¯�O}�n<�fmQ{r��°Õ}�jln>º­��}¸}fn<�K¿�4+�¯�1��º¯º­y
{�nF��}��­�������|��{f���1{f{¸nK{C}fjln
�z�lmon<�f�­�F��ºÛ�¯mo�lº­n<monF�I} �#}f�¯�I�&»|���1���|�­{��lº��Ðy|{*}fjln
��nK{¸�1º±} {C°²�I�;�I�f�ln<�;�l�
}f� Ô
���1�
}�jln��z�lm>�¢nF�)��°Õ�����¢�|�±}f�¯�I�1{;°²���)�I�f�ln<���l��}��
Òz¿

õ�õ�ó	: ��!�;� 



  �����ïÉ�� Î���É9Ê��	� ��
�
�
�
���� ��� � Ê¶Ë<Ì�� 
�� ��� 
�� ��� 
 ��� 


� � ��!��*���;	��! ;�
	������ ��� �����;����!&	?���������)� ����	��<�5��(^�;���>	?�+��( ���+��"
/
(��4�5!

� n�}
f

���1�
Φ

�¢n
C∞

°²�l�1��}��­���1{
IRm × IRn → IRn

���¢�
cRn → IR

»X�fnF{��¢nK�9}��­®�nFº¯yI¿t�����1{����|n<�r}�jln
°²�Iº¯º­�#¼)�­�l£>�1�1���I�1{~}f�f���¯�1nF�����|}f�¯mQ��º&�<���H}��f��ºÛ�l�f���1º¯nFm�#







Min Φ(y(T ));
ẏ(t) = f(u(t), y(t)), t ∈ [0, T ];
y(0) = y0.

(P )

¬ n��fnF{¸}��f�­��})}�jln����1��º­y|{¸��{;}��'�<���H}��­�z�l���1{r�����H}f���Iº¢°²�1�1�9}f�¯�I�1{<¿��tn<�l��}�n��zy
H(u, y, p) := p · f(u, y)}fjln8

��Ë��1Î�È �%$�� �>Ê � ÍÃÈ#Ì¢Ê��#Ì=��°+}fjln��l�f���1º¯nFm�¿4i�j1n��1� {~}r�I�f�ln<�4�lnK��nK{�{f���fy'���l}��­mo��º¯�¯}~y������¢�|�±}f�¯�I�1{4��°

}fjl��{)�l�f���lº­n<m8mQ�ÐyQ�Xn�¼)���¯}¸}fn<���­��}fjln
°²��º­º­�#¼)�¯�l£>°²���fm&#














ẏ(t) = f(u(t), y(t)),
ṗ(t) = Hy(u(t), y(t), p(t)),

0 = Hu(u(t), y(t), p(t)),







t ∈ [0, T ],

p(T ) = Φ′(y(T )), y(0) = y0.

(OC)

¬ n�{��Ðyd}fj1�#}
(ū, ȳ, p̄)

��{)���
n<Åz}��fn<mQ��ºÛ�¯°��¯}){f�#}f�­{ �1nK{
(OC)

µ
ū

�¢nF�¯�1£o�d���I�H}��­�H�1���1{*°²�l�1�9}f�¯�I�¢¹9¿ � n�}
(ū, ȳ, p̄)

�¢n�����n<ÅH}f��nFmQ��º[¿ 3Á°

u 7→ Huu(u, y, p)
��{)�­�z®�n<��}��­�lº­ng��º¯�I�l£d}�jln
}f�f���~nF��}����fy

,
µ¸¡K¹

}fjln<�´�Hy�}fjln>�­mo�lº­�­�<�±}g°²�l�1��}��­���1{r}�jlnF���fn<m�»Û�¯���
{�mo��º¯º
L∞

�1n<�­£�jz�¢�I��j1�H�|����°Õ}�jl��{4}f�f���~nF��}����fy�»¢¼�n
j¢�Ð®�nd}�j1��}

Hu(u(t), y(t), p(t)) = 0
�(&
u = φ(y(t), p(t))

»Õ¼)jln<�fn
φ

��{��
C∞

mo���l�l�­�l£1¿��rn �1�ln
}fjln�ÍMÉ��1Ë�$��	�dÊ � ÍÃÈ#Ì1Ê���ÌÇ��{

H(y, p) := H(φ(y, p), y, p)
¿dqr{��¯�l£

Hu(φ(y(t), p(t)), y(t), p(t)) = 0
»

�I�|}f���¯�
Hy(y, p) = Hy(φ(y, p), y, p); Hp(y, p) = Hp(φ(y, p), y, p).

µM�I¹
���I�1{�nF�H�ln<�H}fº¯yI»1�l�1�ln<�gjHyz�X��}fjlnF{��­{>µ~¡Ð¹9»

(OC)
�­{tº¯�|�F��º­º¯y�nF�H�l�­®#��º­n<�H}4}��
}�jln�É�Ë Î	��� Ë Î'$��	�dÊ � ÍÃÈ#Ì¢Ê��#Ì

���,�9ÍÃË��
ẏ(t) = Hp(φ(y, p), y, p), t ∈ [0, T ],
−ṗ(t) = Hy(φ(y, p), y, p), t ∈ [0, T ],
p(T ) = Φ′(y(T )), y(0) = y0.

µ¶�I¹

¬ n��l�#¼ }��l�f�
}f�o}�jln��l�­{f���1{f{��¯�I����°�}fjln��|��{��<��n<}��­³F�#}f�¯�I����°?}fjln����|}f�¯mQ��º?���I�I}f���IºÛ�l���I�lº­n<m
(P )

¿
i�j1n
�4�l�l£�n<·Á¾
�l}¸}f�o�|��{f���fn�}��­³F��}��­�������I�1{¸���|nF��nK�'�­�9" Ò%$&��{















Min Φ(yN );
yk+1 = yk + hk

∑s

i=1 bif(uki, yki),
yki = yk + hk

∑s

j=1 aijf(ukj , ykj),

y0 = y0,

(DP1)

°²�I����º­º
k = 0

}f�
N − 1

���¢�
i = 1

}f�
s
¿'Örn<�fn

hk > 0
��{g}�jln'{��¯}�nQ��°;}�j1n

k
}�jÄ}��­mon'{~}fn<�&»+���1�

(a, b)
�­{g}fjlnQ{¸n<}���°;�4�l�l£�n<·Á¾
�l}¸}f�����zn�1Q�<�¯nF�H}f{F¿ � n�}��1{
�l�1�ln<�fº¯�­�lnd}�jlnQ� jl�I�­�<n>��°��1{��­�l£S�|�(&Ûn<�fn<�H}

�²î+õ �Ñö
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�¯Ë��<ÍMÊ���
���É9ÍMÊÑÍ[Ê¶È#ÌÛË Î����|Ì��HË������|Í[Í��������lË��QË�� �

®#��º¯�lnK{;��°+�<���H}��f��º�{
ukj

��{f{¸�|�<�­��}�nF�'¼)�±}fj��­�l�lnF�){~} �#}�nK{
ykj �

}fjl�­{)�<���H}�� ��{¸}f{�¼)�¯}�j���}�j1n<�)���l�1���H��� jlnK{
�­�
¼)j1�­� j
}�jln
�|��{��<��n<}��­³F�#}f�¯�I�'��°+�����H}f���Iº­{��­{;���H��� {¸nF�C}fj1���
}�jlng���lng��°?}�jln
{~} �#}fn�»z�M¿ n�¿­»z°²�������I�H}��f��ºX�­{
} ��ÀIn<�������¢{~} ���H}F»|�I�;�I�lº­y
�	1Q�ln��I��nK��� j�}��­mdn�{¸}�nF�Äµ¶n�¿ £1¿�"­¡�»1�l»1�,$²¹9¿

¬ n�mQ�Ðy'��nF¼)���¯}�n
(DP1)

�l�1�ln<��}�j1n�nF�H�l�­®Ð��º¯nF�H};°²�I��m


























Min Φ(yN );

0 = hk

s
∑

i=1

biKki + yk − yk+1,

0 = f(uki, yk + hk

∑s

j=1 aijKkj)−Kki,

0 = y0 − y0.

(DP2)

3Ã�'}�jlntn�Å|�l�fnF{f{¸�­���Q�Xn<º­�#¼�¼�ng�����H}f�f�I�9}
yk +hk

∑s

j=1 aijKkj

�­�H}��
yki

¿Õi�jln � ��£�� ���l£I�­����°²�l�¢�9}��­���
�I{�{��|�����#}fnF�'¼)�¯}�j

(DP2)
��{ #

Φ(yN )+

N−1
∑

k=0

{

pk+1 ·

(

hk

s
∑

i=1

biKki + yk − yk+1

)

+

s
∑

i=1

ξki · (f(uki, yki)−Kki)

}

+p0·(y0−y0).

Örn<�fn
pk+1

»
ξki

»����1�
p0 ���fn*}fjln � ��£�� ���l£In*m��1º±}f�¯�lº­�­n<� {Õ��{f{¸�|�����#}fnF��¼)�¯}�jd}fjln)�����¢{~}f�f���¯�H}f{+��°

(DP2)
¿

�C���������1º¯nK{
pk

¼)�­º­º��Xn��­�H}�n<�f�l�fn�}fnF�S��{4}�jlnd�|��{��<��n<}��­³F�#}f�¯�I�S��°C����·Á{¸}f��}�n���°C�����H}f�¯�z�l�I�1{)°²�I��m>�lº­��}��­���&¿
w|n�}¸}f�¯�1£�}��>³<nF����}fjln
�|n<�f�¯®#��}��­®�n4��°ï}�jl��{ � ��£I�f���l£������d°²�l�1��}��­����¼�¿ �K¿ }K¿?}fjlng�l���­mQ��ºX®#���f�­���lº¯nK{

yN

»
y0

»
yk

°²�I�
k = 1

}��
N − 1

»
Kki

���1�
uki

°²���
k = 0 . . .N − 1, i = 1 . . . s

»|¼;n����l}f���­�

pN = Φ′(yN ),
p1 = p0,

pk − pk+1 =
∑s

i=1 fy(uki, yki)
>ξki,

0 = hkbipk+1 + hk

s
∑

j=1

ajify(ukj , ykj)
>ξkj − ξki,

0 = fu(uki, ykj)
>ξki, k = 0 . . .N − 1, i = 1 . . . s.

qt{¸�­�l£
�1�#¼ }fjln�jzyz�X��}�j1nF{��­{4}�j1��}
bi 6= 0

»Û{¸n<}
pki := ξki/(hkbi)

°²�I�t��º­º
k = 0

}��
N − 1

»X���1�
i = 1

}��
s
¿2.Cº­�¯mo�­�1�#}f�¯�1£

ξki

°²���Im }�jln'���¢�#®In>�fn<º��#}f�¯�I�1{F»ï¼�no���l}f���­��}�jlnQnK�I�1�¯®#��º­n<�H}����l}��­mo��º¯�¯}~y
�<���1�l�±}f�¯�I�1{






yk+1 = yk + hk

∑s

i=1 bif(uki, yki), yki = yk + hk

∑s

j=1 aijf(ukj , ykj),

pk+1 = pk − hk

∑s

i=1 b̂iHy(uki, yki, pki), pki = pk − hk

∑s

j=1 âijHy(ukj , ykj , pkj),

0 = Hu(uki, yki, pki), y0 = y0, pN = Φ′(yN ),
(DOC)¼)j1n<�fn
�<�zn�1'���­n<�H}f{

b̂
���¢�

â
����n��|n �1�lnK���zyQ}fjln
°²��º­º­�#¼)�¯�l£d�fn<º��#}��­���¢{ #

b̂i := bi, âij := bj −
bj
bi
aji,

°²���4��º¯º
i = 1, . . . , s

���¢�
j = 1, . . . , s.

µ² z¹

3Á°|}fjln*��º­£�nF�l� �����Õ�����¢{~}f�f���¯�H}f{
Hu(uki, yki, pki) = 0

����nÕº­�|�<��º¯º­yrnK�I�1�¯®#��º­n<�H}&}f�
uki = φ(yki, pki)

»
}fjln<�

(DOC)
��{gnF�H�l�­®Ð��º¯nF�H}t}f�'}�j1no{f��mon>�1����}��¯}��­���lnK�´�)�1�l£�n<·Á¾
�|}�}f��{�� jlnFmond���l�lº­�¯nK��}���}�jlno�fn�·

�l�1��nK�'{¸y|{¸}�nFmÓµM�I¹�¿�i�j1�­{;���l�1���H��� jo�1��{�nF�o�I�Q°²���fm��1º­��}��­���
(DP2)

��{�{�º­�¯£IjI}fº¯yQ{��¯mo�lº­n<�K»H�l�|}�nF�H�l�­®I·
��º¯nF�H};}f�d}�jln��I�ln���°�Ör��£In<�8" Ò%$Á¿
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3Á}��­{�{f�����
}�j¢�#}Õ�r�1���¸}f�±}f�¯�I�lnF���)�l�l£In�·Ã¾
�|}¸} �r{f� jln<montµ¶���+mo���fn*£�nF�ln<� ��º­º­yg���Hy
�I�ln�{¸}�nF�>{f� jln<monK¹
��{g{¸yzmo�lº­nF�9}f�­����°C}fjlno�����f�fnF{��¢�I�1�|�­�l£��1�#¼ ��{t{�yzmd�1º¯nK�9}�����¿63Á}
�­{tÀz�l�#¼)�S}�j¢�#}
�1����}��¯}��­���lnK�S�)�l�l£In�·
¾
�l}¸}f�Ä{f� jln<monF{Q{f�#}f�­{¸°²yz�¯�1£�µ¶ H¹d���fn�{¸yzmo�lº­nF�9}f�­��»�{�n<n9"¯¡K�|»�i�jln<�I��nFm  1¿ Ô $Á¿ ¬ n��I�|}f���¯�Ç}�j1��}Q}�jln
{f� jlnFmdn
�I�|}f���¯�lnK�
�zy��|�­{f���fn�}f�¯³K�#}f�¯�I����°��l�f���lº­n<m

(P )
��{){¸yzmo�lº­nF�9}f�­��¿ 3Ã���1����}������1º­����}fjln
°²��º­º­�#¼)�¯�l£

�l�­��£�� ��m8���Imom��|}fnF{F»|¼)jln<��¼;ng�¢{¸ng}�j1n����X�#®�n
�|�­{f���fn�}f�¯³K�#}f�¯�I��#

(P )

�l�­{f���fn�}f�¯³K�#}��­���
−−−−−−−−−−→ (DP )���|}f�¯mQ��º¯�¯}~y

�����¢�|�±}f�¯�I�1{




y

���|}f�¯mQ��º¯�¯}~y
�����¢�|�±}f�¯�I�1{





y

(OC)

�l�­{f���fn�}f�¯³K�#}��­���
−−−−−−−−−−→ (DOC)

(D)

41�������ln�}f���¯º­nF�o�1��nK{¸nF�I} �#}f�¯�I�>��°Û�¢����}��¯}��­���lnK�Q�)�l�l£In�·Ã¾
�|}¸} �����1�o{�yHmo�lº­nF��}����)mon�}fjl�|�l{C¼;n4�fn�°²n<�
}f�d}�jln��X�z��À|{8" �1»l�	$Á¿

� � �+����� �;������� 	+������! �#��� �����?	��9	��������)� ,�����.���/102�'	?	��Ó!?��3��4�5�)!

� �¢��{��­��}f�H�Iº4�­��}�jln´{¸}��¢�|yÇ��°
�I�f�ln<�'���I�1�|�¯}��­���1{d°²�I�
�)�l�1£�n�·Ã¾
�|}�}f�={f� jln<monF{o��{Q}fjln�}�j1n<���fyÇ��°
5�·Ã{¸nF���­nF{g���¢�´��{f{��z�<�­��}�nK�O�<��º­�<�lº¯�¢{t�I�´�f�z��}�nK�S}f��nFnF{F»&�|�ln>}�� 5;�|}f� jlnF�Qµ¶{�n<n "   $Ñ¹�¿�4l�I�t�¢����}��¯}��­���lnK�
�4�l�l£�n<·Á¾
�l}¸}f�g{f� jln<monF{Õ���>n<Åz}�n<�¢{¸�­���d��°X}�jl��{�}fjln<�I��y���{�}�j1n)���ln���°Xn�Å|�1���1{¸�­���d�­�d�C·Á{�n<�f�¯nK{<»����1�>}�jln
�I{�{��|�����#}fnF���<��º­�<�lº¯�¢{4���´�l�­�<��º­���l�fnF���f�z��}�nK��}��fn<nK{<»Û{¸nFn/" �	$Á¿ti�jln�º��#}�}�nF�g��º¯º­�#¼4{�}���{~} �#}fn�}�jln>��� �|n<�
�<���1�l�±}f�¯�I�1{)�­�S}�nF��mQ{4��°C���zn�1'���­n<�H} {

a
»
b
»
â
»Û���1�

b̂
»¢��°�}�jln�°²�Iº¯º­�#¼)�­�l£o}~yz�¢n�#;�<n<��}f���­�S�X��º­yH�1��mo�­��º­{

µ¶¼)jl��� j����fn*�­��°¶����}�{��lm ��°¢md�I�l��mo����º�{&¼)�¯}�j>�l�l�¯}��<�Hn�1'���­n<�H}f{ ¹ï�­��}fjlnF{�n*®#���f�����lº­nF{?j1�Ð®�nÕ}f�t�Xn*nK�H�1��º
}f�4��nF�¸} ���­�t°²� ����}��­���1��º#�z�lm��Xn<� {<¿+i�jlnC{��l�1{¸}��¯}��|}f�¯�I����°

â
»#���¢�

b̂
µ¶�1{��¯�l£dµ² z¹¸¹Û¼;���lº��g£��­®�nÕ���Imo�lº¯���<��}�nK�
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E
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���¼)�­º¯ºï�Xn��|n<�1��}�n

Ḡ
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V
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V = {a, b, c, d}

���1�
E = {(a, b), (c, a), (d, b), (a, d)}

� �

� �

� �¢�#}�jÆ��°)��£I�f���ljÄ�­{����¢�l�±}fn
{�nF�H�ln<�¢��nQ��°�®�nF�¸}f�­�<nF{QµM�#}�º­nF�I{~}�}~¼;�H¹
{��1� jÄ}�j1��}�}�jlnF��nQn<Å|�­{¸}f{
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T̄
¿ � É�ÈKÈ#ÍÃËfÎ
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º­nF�Ð®InF{;���fnr}fjln
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i�jlnd{¸n<}r��°)É�ÈKÈ#ÍÃË Î'Í[É�Ë Ë�¼)�¯º­º��Xn��|nF�l��}fn
T ∗
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}f�O�f�H��}�nK�´}f��nFnF{F¿ ¬ n
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VW = c−1({W})
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γ(t)
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γ( ) = 1
»1���1�

γ(t) = #t× γ(t1)× · · · × γ(tm),
µ Ô ¹

¼)j1n<�fn;�zy
t1, . . . , tm

¼;n��ln<�l��}�n;}�jln)�1�f���1� jlnF{���°
t
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t
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t
»X¼)jln<�fn

t
��{t�
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a

���1�
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#

φ(t) =

s
∑

i=1

b̃iφi(t).
µÁÒ�¹

i�j1n>���X�#®�n�°²�l�1�9}f�¯�I�1{
φi(t)

���fn�}fjln<mQ{�n<º¯°��|n��¢�lnF�S�­�����O�­�1�|�1��}��­®�n�¼��Ðy�»X�zy
φi( ) = φi( ) = 1���1�

φi(t) = ψi(t1)× · · · × ψi(tm),
ψi(tk) =

∑s

jk=1 ãijk
φjk

µ¶�I¹

¬ n�j1�Ð®�ng}fjln
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q
Ê �

φ(t) =
1

γ(t)
,

Ï�È#É�� � �
t ∈ BT ∗, #t ≤ q.
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φ(t)
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V

�­{���°l}�jln;°²�I��m #
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t
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∑

i1=1
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s
∑

i2,...,i#t=1

∏
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Örn<�fn>��£I���­�
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®Ð���������1º¯n
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s
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φ(t) =
∑

v∈V

s
∑
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∏

k∈V

b̃ik

∏

(k,`)∈E

ãiki`

b̃i`

.
µ¸¡�¡K¹

3Ã�¢�|n<nK�ï»���º¯º
b̃i`

�¯� }�j1n����¢�#®In�n<Å|�l��nK{�{��­���Ç�F���1�<n<º�n�Ål��nF�|}
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»�{��´}fj1�#}Oµ¸¡F�I¹>���¢� µ¸¡�¡K¹>���I�¯�¢�����|n�¿
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t
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t
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{tq, q ∈ Q}
µ²�1��}g}��
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¹�¿
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��
t = (V,E, c)

� �ÕÊÑÍ � � È#Ì��
ÌÛË���ÍÃË Î9� È � 
1È#ÌÛË�Ì¢Í��

{tq, q ∈ Q}
� Ê ��Í �lË�
ÛÉ�ÈFÎ ����ÍdÈ~Ï�Í �1ËOË��­Ë��QË�Ì¢Í ��É����*Ë<Ê(�,�zÍ �SÈ¸Ï�ÊÑÍ � � È#Ì¢ÌXË��<ÍÁË Î

� È � 
1È#ÌÛË�Ì¢Í�� � Ê%�ÑË � �
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q∈Q

φ(tq).
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∑
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s
∑
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∏
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∏
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s
∑
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∏
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



∏
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∏
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


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∏

q∈Q




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∑
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



∏

k∈Vq
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∏
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





 ,
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∏
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∏
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i�j1n
�<���1�<º¯�¢{¸�­����°²��º­º¯�#¼4{F¿
� �­®�nF�O�������f�¯nF�H}�nF��£�� ���1j

t = (V,E)
»¢���1�

F ⊂ E
»1}�jln>{¸n<}4��°C��� �<{��­�S���l�X�I{��¯}�n��|�­��nK�9}f�¯�I��}f�

}fjl�I{�n
��°
F

��{4�|nF�l��}fnF����{

E> := {(x, y) ∈ V × V ; (y, x) ∈ E}.
µ¸¡< H¹
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 � �lËdË��¯Ë��QË<Ì1Í��#É�� �*Ë�Ê(�,�zÍ)È~Ï�� ��Ê � � È	�­È	�|É�Ë Î'È�É9Ê¶Ë�Ì¢ÍÁË Î���É ��
��
t = (V,E, c)

� � �lË<ÌÂµ¶ H¹
�1È	�¯Î	� � ���#Í[Ê ���;Ë��

φ(t) =
∑

ÊB∈P(EB)

(−1)#ÊBφ(V,EW ∪ Ê
>
B ).

µ¸¡K��¹

��É�ÈFÈ¸Ï!�tw|�l�1{¸}��¯}��|}f�¯�l£�}�j1n>n<Åz�1��nK{�{��¯�I�1{4��°
â

���1�
b̂

�­� µ² z¹9»Û¼;n�mQ�Ðy�¼)���¯}�ndn<º­n<mon<�H} ���fy�¼;n<�­£�jH}f{g��{
°²�Iº¯º­�#¼4{ #

φ(t) =
∑

v∈V

s
∑

iv=1

∏

k∈V

bik

∏

(k,`)∈EW

aiki`

bi`

∏

(k,`)∈EB

(

1−
ai`ik

bik

)

.
µ¸¡ Ô ¹

.CÅz�¢���1�|�­�l£d}�j1n�º­�I{~}�}�nF��m�»l£In�}

φ(t) =
∑

ÊB∈P (EB)

(−1)#ÊB

∑

v∈V

s
∑

iv=1

∏

k∈V

bik

∏

(k,`)∈EW

aiki`

bi`

∏

(k,`)∈ÊB

ai`ik

bik

.
µ¸¡ÐÒ�¹

i�j1n
�<���1�<º¯�¢{¸�­����°²��º­º¯�#¼4{F¿
�t�l�Õ�1���|��nK�|�l�fn;�<��mo�l�|}fnF{Õ�I�f�ln<�Õ���I�1�|�¯}��­���1{��­�d�
�fnF�<�l� {¸�­®�n�¼;�ÐyI¿ ¬ jlnF�o�lnF��º­�­�l£
¼)�±}fjd�I�f�ln<�

p
»

��º¯ºl�<���1�l�±}f�¯�I�1{Õ��°Û��� �|nF��{�mQ��º­º¯nF��}�j1���
p
j1�Ð®�n)��º­�fnF���ly��¢nFn<�Q���l}f���­�lnK�ï¿ ¬ n4��º����­m�}fj1�#}CnFº¯nFmon<�H}f����y

¼;n<�­£�jH} {r��°���º­º+}�n<�fmQ{g�¯��}�jlno{��lm ��°oµ~¡Ð��¹rj1�Ð®�nd��º­��nK���|y��Xn<n<�Æ���Imo�l�|}�nK�ï»ïn�Ål�<n<�|}Qµ²�Xn<�fj1���¢{f¹4°²���
}fjln����1ng�­��¼)jl��� j

ÊB = EB

¿
3Ã�1�ln<nF�&»#°²���Õ���d��� �C�­�

EB \ÊB

}fjln<�>}�j1n<�fn���{+�l�g�<���H}��f�­�l�|}��­����°²���Im }�jl��{���� � #&¼;n;�F���>�¯�H}�nF���1��n<}
}fjl��{4��{��Q�|nFº¯n<}��­������°+}�jln���� ��»|¼)j1n<�fnF��{�°²�I�4������� �t�­�

EB

»1¼�n
���l}f���­��}�jln��1{��1��ºÛ}�n<�fm µ²°²���4�d�l�I�
�¢����}��¯}��­���lnK�Q�)�l�l£In�·Ã¾
�|}¸} ��{�� jlnFmonK¹�n<Å|�<n<�|}�}�j1��}*¼;n4j1�Ð®�n

ai`ik

�­�1{¸}�nK���Q��°
aiki`

»H¼)jl��� j'¼;���lº��o�¢n
}fjln��1{��1��ºÛ}fn<�fm8�¯°+}fjln��|�­��nK�9}��­������°+��� �gj1�����Xn<n<�S� j1���l£�nK�ï»l���¢�������I{�{��|�����#}�nK�'mo�­�H�¢{4{¸�­£��?¿

pr�#¼ ¼)jln<�lnF®�nF�t���O���f���­{g�|n<º­n�}fnF�ï»Û�¯}t°²�Iº¯º­�#¼4{)°²�f��m�º­n<momQ���o}fj1�#}t}�jln>}�nF��mÓ��{r�
�l���|�|�¢�9}t��°
nFº¯nFmon<�H}f����y�¼;n<�­£�jH}f{t°²���g}f��nFnF{g��°�{¸mQ��º­º­n<�
{¸�­³<nI¿dwz�­�1��no�lº���� À��l�|�|nK{
j1�Ð®�nd��º­ºÕ�¢�H{�{��­�lº¯ndº­�z�F�#}f�¯�I�1{<»
¼)j1n<�O���I�1�|�¯}��­���1{r��°C�I�f�|nF�4º­nF{f{)}�j¢���

p
¼;n<�fn����Imo�l�|}�nK�ï»X}�jln>n<º­n<mon<�H} ���fy
¼;n<�­£�jH}f{)��°*��º­º&}f��nFnF{4��°

¼;n<�­£�jH}4�#})mo�I{¸}
p− 1

j1�Ð®Int�Xn<nF�S����mo�l�l}�nF�&¿
i�jln��­�lnF�S�l�#¼ ��{�}f�O°²�|���¢{����½}�jl��{�£I�f���ljÆ�¯�H}fn<�f�l��n<}f��}��­���&»Õ���¢�=����mo�l�l}�n
�I�f�ln<���<���1�|�¯}��­���¢{<¿

¬ �¯}�jÄ}fjln<�I��nFm ¡K��¼;nQ�<���Æ��{f{��z�<�­��}�nd}��S���l�¯·Ã����º­���1��nK�S}��fn<nQ�S{�n�}���°����f�­n<�H}�nK�´£I�f���lj´°²�I��¼)jl��� j
�I�lº­y'���ln
��{)���I�l�lnF��}�nK�ï¿Õi�jl�­{4mdnK���1{;}fj1�#})¼;n��<�������l}f���­����� �|n<�)���I�1�|�¯}��­���1{;°²�I�)nF�I� j
£�� ���1j&¿ � n�}
�¢{��l�#¼ } ��À�n��>}��l}����f����º&{f��mo�lº­nt}f�'{¸j1�#¼ jl�#¼ }fjln�mon�}fjl�|��¼;���fÀ|{<¿
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5��¯·Ã����º­���1��nK�Q}��fn<n
t

i

j

k l

φ(t) = 1/γ(t)

s
∑

i,j,k,l=1

biâijajkajl =
1

12

φ(t) = φ(t1)− φ(t2)

s
∑

i,j,k,l=1

bibjajkajl −

s
∑

i,j,k,l=1

bjajiajkajl

t1 − t2

i

j

k l

−

i

j

k l

i�j1�­{*n�Ål��mo�lº­n4�­º¯º­�1{¸}�� �#}�nK{Õjl�#¼�¼;n4�<���'�<��mo�l�|}fn4��� �|nF�*���I�1�|�¯}��­���1{���{f{¸�|�����#}fn�¼)�±}fj
��£��­®�nF�o£�� ���lj&¿
3Ã��}�j1�­{
n<Å|��mo�lº¯n

t1
j1��{t}~¼;���<���l�1nF�9}fnF������mo�X���lnF�H}f{F»?���1�´jln<�¢��n�»

φ(t1)
��{t}�jlno�l�f�|�|�1�9}���°*}~¼;�

nFº¯nFmon<�H}f����y
¼;n<�­£�jH}f{?}�j1��}+j¢�Ð®�n*�Xn<nF�>��º¯�fnF�I�|ytnF®#��º­�1�#}fnF�
µ¶¼)jln<�d�|nF��º¯�­�l£g¼)�±}fj��I�f�|nF�� g���I�1�|�¯}��­���1{ ¹9¿
i�j1n<�fn�°²���fn;}�jln4}�jln4�1n<¼������¢�|�±}f�¯�I�'�<���d�Xn4n<Åz�1��nK{�{�nF�d��{

φ(t2) = φ(t1)−1/γ(t)
»�¼)jlnF��n�}fjln4�f�¯£IjI}�·

j¢���1�z·Ã{��­�|n
�fnF�|�¢��nF{;}f�Q�>� �#}f�¯�I�1��ºÛ�z�lm>�¢nF�F¿
pr��}�n'}�j1��}>¼;nQ£�n�}>���ln'�I�f�ln<���<���1�|�¯}��­���Æ°²�I��nF�I� jÆ�l�±·Ã���Iº¯�I�l�fnF�Ä£�� ���lj?¿�wz�­�1�<nQ}�jlnF��n����fnQº¯nK{�{

�I���­n<�H}fnF�S°²�fn<nd}f��nFn>}fj1���Æ�l�¯·Ã����º­���1��nK��}��fn<nK{<»&�¯}�mQ�ÐySj1���1�¢nF��}fj1�#}���º¯º�}fn<�fmQ{t��°�}fjlnQ{¸�1mv�­�Âµ¸¡K��¹
����n
��º­�fnF���lyQn<®#��º­�1�#}fnF�ï¿

�Ø �½©|¨�� 
�i�jln
���¢�#®In'�|��{��<�1{�{��­���Æ�­{>���Ijln<�fn<�H}�¼)�¯}�j=}fjln'�fnF{��lº±}>��°4sS�l�f�1� "­¡K�%$ #>}�jlnF��n'n<Å|�­{¸}>��{
mQ���Hy>��� �|n<�������¢�|�±}f�¯�I�1{Õ°²�I�C��� �|nF�

n
°²�������Q�¯�H}fn<£�� �#}f�¯�I�omdn<}�jl�|�Q�I{Õ}�j1n<�fn4n�Å|��{~}*�I���­n<�H}fnF�>°²��nFn)}��fn<n

¼)�¯}�j
n

�l�|�|nF{F¿

� ! ����(��4�5�)�>	��
	+�����:�����-�d���5����������(=�+�)!���(9	�!

����� �
	���
���	����������������
� �­®�nF�'���f�H��}�nK�o�l�­�<��º­���l�fnF�d}f��nFn

t
»z�|n<�l��}�nt�Hy

(σi, gi)i

}fjlnt�I{�{��|�����#}�nK�>°¶��mo�¯º­yo��°&�I���­n<�H}�nK�d£�� ���lj1{
�I�|}f���¯�1nF���zy
}fjln��I�¢nF�f��}��­���S��°ÕnF�±}fjln<�g���|}�}��­�l£
��°��fn<®In<� {¸�­�l£o�lº���� À�nF�|£InF{

�
�|nF�l��}fn��zy

g∗
}fjln>�<���|·

�1nF�9}fnF��n<º­n<monF�I})��°�}fjl�­{)°¶��mo�¯º­y´µ¶���|} ���­�lnF���zy'�fn<®�nF�f{��­�l£>��º¯ºï�lº���� À
nF�|£InF{ ¹9¿ � n<}
v(g)

�Xn
}�jln�®#��º­�ln
��°r}fjlnSn<º­n<mon<�H} ���fy=¼�nF�¯£IjI}K»�{¸}��I��nK�½�­���Æ�l��}f���1��{�nS�<��º¯º­nF��� ©�� � ¿ wz�­�1��nSnFº¯nFmon<�H}f����y=¼;n<�­£�jH}f{

�²î+õ �Ñö
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�¯Ë��<ÍMÊ���
���É9ÍMÊÑÍ[Ê¶È#ÌÛË Î����|Ì��HË������|Í[Í��������lË��QË�� ¡I¡

����n
�f��}��­���1��ºC�z�lm��Xn<� {<»Õ¼;n
{¸}��I��nQ}fjln<m �I{��´�1���­����°4�¯�f��nK�|�1�<�¯�lº­n
�­�H}�nF£�n<� {F¿Oi�jln��1���|��nK�|�l�fno°²���
�I�|}f���¯�1�¯�l£o�I�f�|nF�)�����¢�|�±}f�¯�I�1{)�#}4�d£��­®�nF���I�f�ln<�

n
mQ�Ðy'�Xn�¼)�f�±}�}�n<����{

�o¨#Þ Ø ¨�� Ø � µ¶�¢¹
�?Ý ¨

t ∈ BT ∗
��� �|nF��nK�'�zy
�­�1���fnF�I{¸�­�l£o�|n<£I��nFn�»z¼)�¯}�j

|t| ≤ n� Ý �	����§ Ø>}fjln
°¶��mo�­º¯y���°����f�¯nF�I}fnF�
£�� ���lj1{
(σi, gi)i��� © � �+©|§ ØQn<º­n<mon<�H} ���fy'¼�nF�¯£IjH}f{;��°Õ��º­ºï�l��·Ã���I�l�lnK�9}�nK�

gi�	�
g∗ ∈

� ©�� �
� � Ø � � j1nF� À'�¯° ∑

i σiv(gi) + σ∗v(g∗) = 1/γ(t)� �M¦ Ø � ©����
←

� ©����
∪ {v(g∗) = σ∗(1/γ(t)−

∑

i σiv(gi))}� �+Þ �?Ý ¨


Ø §
��¨ � � ©����


�Ø �½©|¨�� 
ti�jln � ���1{f{~· � nF£�n<�¢�|��ng�)�l�l£In�·Ã¾
�|}¸} �dmdn<}�jl�|�Æµ²�­�S¼)jl��� j
a

���1�
b
���fngnK�H�1��ºÛ}f�

â
���1�

b̂
¹��­{
Àz�l�#¼)��}��S�Xn'{¸yzmo�lº­nF��}�����»?��°;�I�f�ln<�

2s
¼)j1n<�fn

s
�­{g}fjln'�z�lm��Xn<����°�{¸}f��£�nK{<¿Qi�jlnF��n<°²���fn>}fjln

� j1nF� À���°��<��mo�1��}��­�l�¯º­�¯}~yO�����¢�|�±}f�¯�I�1{t}�j1��}g�|�F���l� {r¼)j1n<�
g∗

��º­�fnF���ly��Xn<º­���l£H{t}�� � ©���� j¢��{r}����¢n
{f�#}f�­{ �1nK�ï¿ ¬ n��1{�n��¯}4���lº­y
��{)�o�|nF�l�l£I£��­�l£�}f�z��º[¿

�t�l�r�¯mo�lº­n<mon<�H} �#}��­�����1{�nF{)}�jln��l�f��£I�f��m °²���)}f��nFnF{)£In<�lnF�f��}��­������° � �?���1���)�1{�À�n<y "¯¡I¡�$Á¿�i�jlnF�
¼;n��l�l�­º­�o��º¯º|�X�I{f{¸�­�lº­n4���Iº¯�I�f��}��­���1{?°²���C�g£��­®�nF��}f��nFn�»����1�o���l�1º¯y��1���|��nK�|�l�fn �Q¨#Þ Ø ¨�� Ø � ¿Õi�jln)���|�|n
��{�¼)�f�±}�}�n<���­��}�jln>� º­���l£��1��£�nI¿+i�jln��<��º­��� �#}f�¯�I�
�l�f�|��nF�l�l��ng��{4��{;°²�Iº¯º­�#¼4{ #

� Ý � Ý ¨�� Ø � µ²} ¹
�	�
t = τ

�fn�}��1���9" ¬ » 5+$
� �M¦ Ø2.CÅz�1��nK{�{

t
��{�º­�¯�lÀ|{�°²�f��m"���z��}�}f�d�1�f���1� jlnF{

t = [tn1

1 ...tns
s

$
��Ý ¨ ��
>¡g}��

s
����º­��� � n<�?µ

ti
¹

� Ý �´¥
� � Øo��º­º&���Iº¯�I�f��}��­���
�­�H}��Qi+���


Ø §
��¨ � µMi����¢¹


�Ø �½©|¨�� 
 � n<}
nc(ti)

�ln<�l��}�n'}fjln
�z�lm>�¢nF�>��°r���Iº¯�I�f��}��­���Æ��°4�l� ���¢� j
ti
¿Äi�jln<�=}fjln
�z�lm>�¢nF�>��°

�<��º­��� �#}f�¯�I�1{*��°
t
�­{

s
∏

i=1

nc(ti)!

ni!(nc(ti)− ni)!

i�j1�­{�n<Åz�1º­���¯��}�jln��<��m>�l�¯�¢�#}��I������ºÛn<Åz�1º¯�H{¸�­�������1��}�j1n�º¯�­mo�±} �#}��­������°����1�)��nK{¸�lº¯}�}��
n = 7

¿

�Ø �½©|¨�� 
tsS�H{~})��°?}�j1n�����mo�l�l}��­�l£d}��­mdn
��{4{��¢nF�I})�­��}�jln�{�nF��� � j
��°+�d£��­®�nF��£I�f���lj�µ¶¼)jln<�1n<®�nF�)�±}
n<Å|�­{¸}f{ ¹Õ�­�Q}�j1nr�1���lÀÛ¿C�t�1�*�­md�1º¯nFmdnF�H}f�#}f�¯�I�
� jlnK� Àz{*�l� �~nF�9}f�¯�I�'¼)�¯}�j���º¯º¢£�� ���lj¢{C��°?{f��mon4�z�lm>�¢nF����°
®In<��}�����nK{)���1��nK�|£�nK{<¿)�t�H®z�­���1{�º­yQ}�jl��{4�1���|��nK�|�l�fn����I�lº­���Xn��­mo�l���#®InF�ï¿+4l���r��� �|n<�4£I��nK�#}fn<��}�j¢��� Ô »
�<���1�l�±}f�¯�I�1{r����n�}f�z�
�z�lmon<�f���1{)}��
�Xn>�l�­{��lº��Ðy�nF�&¿rÖ4�#¼;n<®In<�K»l�±}��<���S�¢n>�1{�n�°²�lº+}��'°²���fm��lº��#}fn�}�jlnFm
�­����� �|n<�;}f�o�<��mo�l�|}fn
}�jln��I�f�ln<�;°²���4{��¢nK��� �¢�
®#��º­�lnF{���°

a
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b
¿
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i+���lº­no¡ #Õp4�lm>�¢nF�4��°���� �|nF���<���1�l�±}f�¯�I�1{
�t� �|n<� ¡ � �   � Ô Ò
wz�­mo�lº¯n ¡ ¡ �   � ���  H�
wzyzmo�lº­nF�9}f�­� ¡ ¡ � � �HÒ �1¡ �H���
�Õ����}��¯}��­���lnK� �   ¡F  ��� �l¡<  �1¡ Ô  1¡I¡ Ô

����� � ��	���������������� � 
������	��
 �
¬ n��¢�f{¸}��|��{¸�1º­�Ðyt}�jln��z�lm��Xn<����°l��� �|nF�?���I�1�|�¯}��­���1{��¯�
} ���lº­nr¡I¿��t�1{�n<�f®�n�}fjln*� ���1�­�
�­�1���fnF�I{¸nÕ��°|}�jlnK{¸n
�z�lm>�¢nF�f{�¼)�¯}�j

p
°²���4{�yzmo�lº¯nK�9}f�­��{f� jln<monK{<»l���1�
nF®�nF��mo���fn
¼)�±}fj�£�n<�1n<� ��ºÛ�1����}��¯}��­���1nF��{�� jlnFmonF{F¿

3Ã�o}fjln)�ln�Åz}C} ���lº­nF{F»�¼;n)�1{�n�}�jln)�¢{¸�1��ºl�l��}f�#}f�¯�I�1{
dj =

∑

i biaij

���1�
ci =

∑

j aij

¿ � º¯º1�¯�1�ln�Å|nF{
�­��}�j1n>{��lmÓ®Ð����y
°²���Im ¡�}��

s
»X¼)jln<�fn

s
�­{r}�jln��H�1m��Xn<�g��°C{~} ��£InF{)�­�S}�j1n>�)�l�1£�n�·Ã¾
�|}�}f�omon�}fjl�|�ï¿

� º¯º;µ²º��#}fn�ÅS{¸�I�l�f�<n���°f¹)}f���lº¯nK{r����n�£In<�lnF�f��}�nF�����|}��Imo��}����<��º¯º­y
�zy�}�jln��<��mo�l�|}fn<�g���|�|n�¿r���I�1�|�¯}��­���1{
°²�I�)��� �|n<�
¡g}��Q o¼;n<�fng��º¯�fnF�I�|yQ���l}f���­�lnK���zy
Öt��£In<�8"ãÒ,$[¿

i+���lº­n���#*�t� �|��no¡
� � ���lj ���I�1�|�¯}��­���

∑

bi = 1

i+���lº­n�� #*�t� �|��n��
� �f���lj �����1�|�¯}��­���

∑

dj =
1

2

i+���lº­n
  #*�t� �|��n��
� �f���lj ���I�1�|�¯}��­��� � �f���lj �����1�|�¯}��­���

∑

cjdj =
1

6

∑

bic
2
i =

1

3

∑ 1

bk
d2

k =
1

3
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i+���lº­n���#*�t� �|��n
 
� � ���lj �����1�|�¯}��­��� � � ���1j �����1�l�±}f�¯�I�

∑ 1

bk
alkdkdl =

1

8

∑

ajkdjck =
1

24

∑ bi
bk
aikcidk =

5

24

∑

biaijcicj =
1

8

∑

c2jdj =
1

12

∑

bic
3
i =

1

4

∑ 1

bk
ckd

2
k =

1

12

∑ 1

b2l
d3

l =
1

4

i+���lº­n Ô #*�t� �|��n��
� � ���1j �����¢�|�±}f�¯�I� � � ���1j �����1�l�±}f�¯�I�

∑ bi
bk
aikaildkcl =

3

40

∑

biaikaijcjck =
1

20

∑

alkakjcjdl =
1

120

∑

biaikakjcicj =
1

30

∑ bi
bk
alkailcidk =

11

120

∑ bi
bk
alkaikcidl =

3

40

∑ bibj
bk

ajkaikcicj =
2

15

∑ bi
blbm

aimaildldm =
2

15

∑ 1

bk
amlalkdkdm =

1

30

∑ 1

bk
amkalkdldm =

1

20

∑ 1

blbm
almd

2
l dm =

1

15

∑ 1

bk
akld

2
kcl =

1

60

∑ 1

b2l
amld

2
l dm =

1

10

∑ bi
b2l
ailcid

2
l =

3

20

∑ 1

bk
alkdkcldl =

7

120

∑

ajkcjdjck =
1

40

∑ 1

bk
alkckdkdl =

1

40

∑ bi
bk
aikcickdk =

7

120
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i+���lº­n Ô #*�t� �|��n��
� � ���1j �����¢�|�±}f�¯�I� � � ���1j �����1�l�±}f�¯�I�

∑ bi
bk
aikc

2
i dk =

3

20

∑

biaijc
2
i cj =

1

10

∑

akjc
2
jdk =

1

60

∑

biaijcic
2
j =

1

15

∑

c3jdj =
1

20

∑

bic
4
i =

1

5

∑ 1

bk
c2kd

2
k =

1

30

∑ 1

b2l
cld

3
l =

1

20

∑ 1

b3m
d4

m =
1

5

���������
	���
����������

� ������� ���������� ������ � ������� �������!�" ����#�

X bi

blbm

aimailanldmdn =
7

144

X bi

bk

aimaikalkdlcm =
19

720

X 1

bk

anmamkalkdldn =
1

72

X bi

bk

aimamkalkcidl =
13

360

X 1

bk

ankamnalmdkdl =
1

144

X

almaklajkdjcm =
1

720

X bi

bk

aikamkalmcidl =
7

360

X bi

blbm

aimainanldldm =
1

18

X bi

bk

aimailalkdkcm =
13

360

X bi

bk

aimamlalkcidk =
19

720

X bi

bk

almailaikdkcm =
7

360

X bibj

blbm

ajmaimailcjdl =
61

720

X bibj

bk

ajlajkaikcicl =
7

144

X bibj

bk

ajlalkaikcicj =
1

18

X

biaklajkaijcicl =
1

144

X

biailaikakjcjcl =
1

72
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	���
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� ������� ���������� ������ � ������� �������!�" ����#�

X bi

bk

aikaildkc
2

l =
7

180

X

biaikaijc
2

j ck =
1

36

X

alkakjc
2

jdl =
1

360

X

biaikakjcic
2

j =
1

72

X bi

bk

alkailc
2

i dk =
13

180

X

biajkaijc
2

i ck =
1

36

X bi

bk

alkaikc
2

i dl =
19

360

X bibj

bk

ajkaikc
2

i cj =
7

72

X bi

blbm

aimailcldldm =
13

360

X bi

bk

ailaikckdkcl =
1

45

X 1

bk

amlalkckdkdm =
1

180

X bi

bk

ailalkcickdk =
7

360

X 1

bk

amkalmdkcldl =
7

360

X

aklajkcjdjcl =
1

180

X 1

bk

amkalkcldldm =
1

45

X bi

bk

aikalkcicldl =
13

360

X bi

b2
mbn

ainaimd
2

mdn =
7

72

X bi

b2

l

aimaild
2

l cm =
19

360

X 1

b2

l

anmamld
2

l dn =
1

36

X bi

b2

l

aimamlcid
2

l =
13

180

X 1

blbm

anmalnd
2

l dm =
1

72

X 1

bk

almakld
2

kcm =
1

360

X 1

blbm

anmalmd
2

l dn =
1

36

X bi

blbm

aimalmcid
2

l =
7

180

X 1

bk

alkalmdkdlcm =
1

60

X

ajlajkdjckcl =
1

120

X 1

bk

amkakldkcldm =
1

240

X bi

bk

aikaklcidkcl =
1

80

X bi

bk

aikailcidkcl =
7

120

X

biaikaijcicjck =
1

24
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X

aljajkcjckdl =
1

240

X

biaijajkcicjck =
1

48

X bi

blbm

almailcidldm =
11

240

X bi

b2

l

amlailcidldm =
7

120

X bibj

b2

l

ajlailcicjdl =
11

120

X bi

bk

alkailcidkcl =
11

240

X bi

bk

alkaikcickdl =
1

60

X bibj

bk

ajkaikcicjck =
1

24

X 1

blbm

anmanldldmdn =
1

24

X 1

blbm

anlalmdldmdn =
1

48

X bi

blbm

aimailcidldm =
11

120

X 1

bk

amlalkdkcldm =
1

80

X 1

b2

l

anlamldldmdn =
1

24

X 1

bk

amkalkckdldm =
1

120

X 1

b2
mbn

amnd
3

mdn =
1

24

X 1

b2

l

almd
3

l cm =
1

120

X 1

b3
m

anmd
3

mdn =
1

12

X bi

b3
m

aimcid
3

m =
7

60

X 1

blbm

almcld
2

l dm =
1

40

X 1

bk

aklckd
2

kcl =
1

120

X 1

b2

l

amlcld
2

l dm =
1

60

X bi

b2

l

ailcicld
2

l =
1

30

X 1

bk

alkdkc
2

l dl =
1

30

X

ajkc
2

jdjck =
1

60

X 1

bk

alkc
2

kdkdl =
1

120

X bi

bk

aikcic
2

kdk =
1

40

X bi

bk

aikc
3

i dk =
7

60

X

biaijc
3

i cj =
1

12

X

akjc
3

jdk =
1

120

X

biaijcic
3

j =
1

24
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���������
	���
����������

� ������� ���������� ������ � ������� �������!�" ����#�

X 1

blbm

almd
2

l cmdm =
1

90

X 1

bk

akld
2

kc
2

l =
1

180

X 1

b2
mbn

anmd
2

md
2

n =
1

18

X 1

b2

l

amld
2

l cmdm =
2

45

X bi

b2

l

ailc
2

i d
2

l =
19

180

X 1

bk

alkckdkcldl =
1

72

X

ajkcjdjc
2

k =
1

90

X bi

bk

aikc
2

i ckdk =
2

45

X

biaijc
2

i c
2

j =
1

18

X

c
4

jdj =
1

30

X

bic
5

i =
1

6

X 1

bk

c
3

kd
2

k =
1

60

X 1

b2

l

c
2

l d
3

l =
1

60

X 1

b3
m

cmd
4

m =
1

30

X 1

b4
n

d
5

n =
1

6
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