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Minimize : α ∗
∑

n

LTn + β ∗ ψ
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LTi ≥
∑

w

∑

j,j 6=i

Lw
ij ∀i
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LTi ≥
∑

w

∑

j,j 6=i

Lw
ji ∀i
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ψ ≥ w ∗ yw ∀w
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yw ≥
∑

i

∑

j,j 6=i

Lw
ij/Q ∀w
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yw ≤
∑

i

∑

j,j 6=i

Lw
ij ∀w
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∑

m,forPmi=1

F ij,w
mi =

∑

n,forPjn=1

F ij,w
jn = 0 ∀i, j, w
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∑

m,forPmj=1

F ij,w
mj =

∑

n,forPin=1

F ij,w
in = Lw

ij ∀i, j, w
9�£!=

rp*@�ZM�12���'1{AQ-���(I[&12�@0����z#E-��J�h6����&0z����%!�&0qA`#X%!���'����()��*d[&12����-�����-����F1EMk��-�()*���6P#E��*@0.1X%!���hG�������-�6��'��6�*���0�-'[X#E�
��-���C�0

∑

m,forPmx=1

F ij,w
mx =

∑

n,forPxn=1

F ij,w
xn ∀w, i, j, x;x 6= i, j
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i

∑

j

F ij,w
mn ≤ 1 ∀w,m, n,wherePmn = 1
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∑

i

Zca,s
is =

∑

j

Zca,s
dj = 0 ∀ca, s ∈ Sca
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∑

j,j 6=s

Zca,s
sj =

∑

i,i6=d

Zca,s
id = 1 ∀ca, s ∈ Sca
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∑

i,i6=x,i6=d
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ix =

∑

j,j 6=x,j 6=s

Zca,s
xj ∀ca, s ∈ Sca, x, (x 6= s, d)

9 . � =

�h�@[&�IL@#E�z#W0������X#EGH0{ cM���12G�GH12���H��*P#E�b12�@�H0�12����[&�) #E���_#E()()����(�#E���&Lb#E��0�12GH�?�@1/L��) ���*@�&0��_0�*@12���'L
����G_#E-��>-��J�z#2[��hM�12����*@�����&0��<1EM���*@��-��h���z#X%!��� ��1_��*@��L��&0���-��P#E��-'12�n �-¢] �)]� ���*@�&0���0�*@12���'LFM�12���'1XA ��*@��%!�����
0�#EGH��6�*J�/0�-'[X#E��6P#E��*|M�12�h��*@�����&0��
1EM���*@�huv12�����@���!]
rp*@��M�12���'1XAQ-���(D0����<1EM�[&12�@0����z#E-��J��0Z���@0������&0.��*P#E�
��*@�W#E()()����(�#E���&LU0������X#EGH0?AQ-����p����G_#E-��l-����z#2[��K#E����*@�Y��-�()*J��6P#E��*l�'��%!���¢] � 0�A`�W#E���D���@0�����-���(d�@12���
O�-�M�����[X#E��-'12�F��1/1W9:�@0�-���(I#H0���6P#E�z#E���Z0����q1EMk[&12�@0����z#E-�����0h��1yOT�ZL��&0�[���-�OT�&LD��#E������=8 ���*@�&0��ZL@#E�z#H0������X#EGH0
AQ-���������G_#E-��e-����z#2[���#E�
��*@�y6�*J�/0�-'[X#E���'��%!���k��1J1�]yrp*@�yM�12���'1XAQ-���(50����Z1EM`[&12�@0����z#E-��J��0��&0�0z������-�#E�����e#E�'0�1
L���������G?-��@����*@�
��12����-���(_1EM ��*@�
G_#E���J�¢��1E�B12�@��0z�&0�0�-'12�@0X]
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ij ≥
∑

s∈Sca

Zca,s
ij /Q ∀ca, i, j
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M ca

ij ≤
∑

s∈Sca

Zca,s
ij ∀ca, i, j
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∑

j

M ca

ij ≤ 1 ∀ca, i
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Zca,s
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s∈Sca

Zca,s
ij =

|Sca |∑

f=1

Ica,f
ij ∀ca, i, j
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Xca
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f ∗
∑

s∈Sca

mca,sZ
ca,s
ij −Q

∑

s∈Sca

Zca,s
ij +Q ∗ f ∗ Ica,f

ij 1 ≤ f ≤ |Sca |,∀ca, i, j
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ij 1 ≤ f ≤ |Sca |,∀ca, i, j
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 ��� 
 �.í¶âgö�ékå§à¶ßhõ 6�Ù
Ü¯è0ç|æ`Þ�è��bå©øÝå©çBë0ä�ÚBÜ¤à�å�8MâBÛÿà�å&æ�ä�ß�è0ú©ú©ßdöÄöÄß�ægè0ä�å.ä�ÚBå�ÛÝçBãgâgä¤ä¾àPè�²Äú�ö�è0ä¾à�Û + 	
èhç|æ`ú©ßhà¾à�å§Ü¾ãkßdç|æ�ÛÝçBë
æ�ÛÝöÄå©çBÜ¾ÛÝßdçgÛÝçBë�ß0õwä�ÚBå-çgå§ä�Þ(ßhà�á
��� �¶îqí
%hü�û �¶ýVå&èhúPÚ φs,d,k

�Mü �¶å©çBå§àPè ä�å! 
s,d,k

Ü¾Úgßhà¾ä�å©ÜËäºãBè0ä�ÚBÜ/õ~à�ßdö Ü¾ßdâ�à�ú©å s ä�ßÄægå©ÜËä�ÛÝçBè0ä�ÛÝßdç d ÛyçlÜ¾å©Ü¾Ü¾ÛÝßdç k

��ü�û �¶ýVå&èhúPÚ�ú©ßhö�éBÛÝçBè0ä�ÛÝßdç,ßhõÈÜ¾Úgßhà¾ä�å©ÜËä9ã|è ä�ÚBÜ
ó�ü Π1,j = j ! 1 ≤ j ≤ Φ

�Mü û �¶ý i = 2 ä�ß Φ "#" õ ß0à¶å&è0ú�ÚlÜËäPèhëdå
ô�ü û �¶ý³å©èhúPÚ φs,d,k "#" õ ß0à¶å&è0ú�ÚlÜËä¾à�å&èhö
òMü û �¶ý j = 1 ä�ß Φ "#" õ¡à�ßhö å©èhúPÚ�ßhõwä�Úgå-ÜËä�å©ãgÜºÛÝç�ã�à�å ��ÛÝßdâBÜ/ÜËäPè0ëdå
ñ�ü î�û " φs,d,k /∈ Πi−1,j

' "�" Ûÿõoú©âgà¾à�å§ç�ä�ÜËä¾à�å&èhö ÛÝÜ�çBßhäºè�ã|è0à¾äºß0õwä�ÚBå¯è0Ü¾Ü¾ÛyëhçBöÄå©çMä
��ü " ∆i,j , P

(j), Λ
(j)
s,d,k(P ))← compute $ cost(Πi−1,j , φs,d,k) !

%©ð�ü j∗ ← arg(minj∆i,j) "#" Ü¾å©øÝå©ú§ä9øyå©èhÜËä9ú©ßdÜËä9èhÜ¾Ü¾ÛÝëhçBöÄå©çMä�!
%�%dü Πi,<s,d,k> = Πi−1,j∗ ∪ φs,d,k

!
%���ü ý9ßhâgä�å φs,d,k

âBÜ¾ÛÝçBë P (j∗) èhç|æ Λ
(j∗)
s,d,k(P ) !
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ú§ßdöÄãBâ�ä�å $ ú©ßhÜËä&" Πi−1,j , φs,d,k
'

%hü Ps,d,k � Ü¾Úgßhà¾ä�å©ÜËäºã|è ä�Ú,õ¡ßhà φs,d,k
ÛÝçlä�ÚBå¶ú©ßdö�éBÛÝç|è ä�Ûyßhçlß0õ<ã|è0ä�ÚgÜ !

�Mü t = 0 !
��ü δt = Evaluate(φs,d,k, Ps,d,k, FF ) ! "�" æ�å§ä�å§à�öÄÛÝçBå-ä�Úgå-ú©ßdÜËäºâgÜ¾ÛyçgëÄûwÛÿà�ÜËä¾ïqûwÛÝä�Þ�è&�då©øÝå©çBë0ä�Ú�ßdç,ã|è0ä�Ú Ps,d,k

ó�ü�û �¶ýVå&èhúPÚ φ
s
′
,d,k
∈ (γd,k ∩Πi−1,j)

�Mü t← t + 1 !
ô�ü P1 = Ps,d,k ∩ P

s
′
,d,k

!
òMü P2 = Ps,d,k − P

s
′
,d,k

!

"�" âBÜ¾å¯è0ëdë0à�å©ëbè ä�å&æ�ú&èhãBèhú©Ûÿä�ê,ßdç Λ
s
′
,d,k

(P1)

ñ�ü δt = Evaluate(φs,d,k, P2, FF ) + Evaluate(φs,d,k, P1, Λs
′
,d,k

(P1))
!

��ü Λs,d,k(Ps,d,k)← mintδt
! "#" Þ�è��bå©øÝå©çBë0ä�ÚgïqèhÜ¾Ü¾ÛÝëhçBöÄå©çMä/ä�Ú|è ä/à�å©Ü¾âBøÿä�ÜºÛÝçlöÄÛÝçBÛÝö�âgöJú§ßdÜËä

%©ð�üoà�å§ä�âgà�ç " mintδt, Ps,d,k, Λs,d,k(Ps,d,k) '
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�Mü �(ßdöÄãBâ�ä�å-ú©ßhÜËä ∆

��ü�ûBßhà9èhøÝøOÜËä¾à�å&èhöÄÜ φs,d,k

ó�ü ûBßhà i � %-ä�ß  
s,d,k

�Mü þ9Ü¾å¤èhøÿä�å§à�çBè0ä�å¯Ü¾ÚBß0à¾ä�å©ÜËäºã|è ä�Ú i

ô�ü �(ßhöÄãBâ�ä�å �(ßdÜËä ∆
(i)
s,d,kòMü Ûÿõ ∆

(i)
s,d,k � ∆

ñ�ü ýºßdâ�ä�å-Ü¾å©Ü¾Ü¾ÛÝßdç φs,d,k
ßdç�è0øÝä�å�à�ç|è0ä�å¤Ü¾Úgßhà¾ä�å©ÜËä9ã|è ä�Ú i

��ü ∆ � ∆
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