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�l�J{��Jy����l�

��vJ���d�l�i�;v���vJ�
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�I�dy�{1�F�I{��w�dy��l�dy�{dy��i�F�I�lxlv vJ{�¡lvJ{d�'y�xly��L�dvJ{yky��l���I��y�{��w�dy�{d�'y����;�#¢I�I�ky��i�;yI�

u��I�;�£���Ix��¤�I�d��v
(i, j) ∈ A

��{;¥Iv¤�I{d{dv7�����Ix��I{k�l���¦¢I�I�d��§�¢Jy��
bij ∈ R

+ �:�ly �dy��l�dy�{dy��i�F�
�¨���I���I���Lx��Ixly£vJ�©���I�lx��ªxly�{1�F�«�I�dy�{1�F�ªy£�l���¤¢I�I�d��§�¢Jy��

dij ∈ R
+ �:�ly£�dy��l�dy�{dy��i�F��v
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k ∈ K = (ok, dk, lk)
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vJ�lxly
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�sv²��vJ���d�l�i�;v²��vJ�
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���I�k�L�l¡lvJ{����l{;�IxlvJ{<���I�;���dvI�;y��I�<�����I�d�i�
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k
����Ix��s���I�k�L�l¡lv
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Å �7À\v

fh
k ∈ R

+ x������I�d�i���I{d{dv7�����Ix��s��xly����I�lx�� k
��¿¢I�I�d��§�¢Jy��

xkh
ij = 1

{dyI�Æy�{dvJ�ky��i�;y
{dyI�7v���I�k�L�l¡lv
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k

�\�;�L�L�L¼�����I�dy�{1�F�
(i, j)

���I�;���dvI�;y��I�~{d������I�d�i�\�:���I{dv��vJ�i�;�;§I�d�Lvl�
xkh

ij = 0
�

Ç y��lxlv��I{d{d�L�³�=xly�¹��ly3z|{dy�v Å �7À\vs�;vI�F�I�
tij
�=�:�lyD�5�;�;��¢Jy�{d{;�����Ix��s�I�dy�{1�F�

(i, j)
�Æ�5�;�;��¢J��{�x��

y��:���Iº�¥Iv
tij =

∑

k∈K
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xkh
ij . fh

k

�)È7�#É��
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φij
���I{d{dv7�����Ixlv·�£���Ix��£�I�dy�{1�F�

(i, j) ∈ A
���5�;�;��¢J��{�x��£��vJ�<�l�L���Iº�¥Iv

�L�L�ly��I��Ë
φij = (1− δ) . φa

ij + δ . φc
ij

�)È7�ÌÈJ�
vJ�lxlyI�

φa
ij

�¦�½��vJ�k�'vJ�ly��i�;y²xly£�5�;�;�I{dv½y��Í}f�l�lº�¥Iv¨x��½���I�d�i�½�:�ly£�5�;�;��¢Jy�{d{;�ª�¨�I�dy�{1�F�
(i, j)

�
φc

ij

������vJ�k�'vJ�ly��i�;y<xly<��vJ�l�Jy�{1�;�LvJ���I�ky��i�;vs�dy�}fy��dy��i�;yDÎs�I�dy�{1�F�
(i, j)

�=y
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(1 − δ)
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çdê�ë;öD÷lç;ìIé�ìDælåDä�ìIøLä�÷løLåDélê φij

í
ù ï;ë;ìIçdåJç~ê�òûú�ø�ì�ç;õIå�ä�ìI÷lç;ìIélåJç~ñlëdèLælä�èLñ�ìIøLòkê�æiï;êAñ'ê�øLå�ä�åJælóJê�ç1ï;èLåJæ�ìIòkê�æiï;å�é�ì�ëdê�élêSê�óJê3ü

ë;ìIøLòkê�æiï;ê�ç;õIåDä�ìIøLä�÷lø�ìIélåJç�ê�òÏýf÷lælô�õIåkélå�þJåJøL÷lòkê�élê�ç1ï;êä�åJælóJê�ç1ï;èLåJæ�ìIòkê�æiï;ålínînæiï;ëdê�ïFìIæiï;ålð
ìIøLóJ÷lò�ìIç,ëdê�élê�ç�ñ'å7élê�òÿìIñlëdê�çdê�æiïFìIë�óJë;ìIælélê�ç�élèLç1ï��Iælä�è�ìIç!ê<ä�ìIëdóiìIç�ñ'ê��:÷lê�æ�ìIç�ð/åJælélê<ælê�ç1ï;ê
ä�ìIçdå�å�ì5ï;ë;ìIçdå!élêAñlëdåJñ�ìIóiìIô�õIå,ñlëdê�ä�èLç;ì!çdê�ë�ä�åJælçdèLélê�ë;ìIélålí���ìIë;ì,ò�ìIèLåJëdê�ç/èLæ\ýfåJëdò�ìIô��7ê�ç/çdå��lëdê
ì5ï;ë;ìIçdåJçê�ò ëdê�élê�ç
	�����)í ù ýfåJëdò�ì�ê�çdä�åJø��lèLé�ì³ñ�ìIë;ì³çdê�ä�ìIøLä�÷lø�ìIë�å�ä�÷lç1ï;å é�ì³ä�åJòkñ'åJælê�æiï;ê
ì5ï;ë;ìIçdåkélê»ñlëdåJñ�ìIóiìIô�õIå φa

ij ∈ R
+ ð ñ�ìIë;ìDä�ìIé�ì�ìIëdê�ç1ïFì (i, j) ∈ A ð'åJælélê tij � å���÷��\åkï;åIïFìIø

élêDä�ìIëdóiì
�:÷lêDñ�ìIçdç;ì�ñ'ê�ø�ì�ìIëdê�ç1ïFì (i, j) ðÆê dij � å�ä�å7ê�ú�ä�èLê�æiï;êDélêkì5ï;ë;ìIçdå�élêDñlëdåJñ�ìIóiìIô�õIå
ìIçdçdå7ä�è�ìIélåkì�ê�ç1ïFìkìIëdê�ç1ïFì\ð � élê�ú�ælèLé�ì�ñ'åJë��

φa
ij = tij . dij ��� í ���

� ê! ;ì uij =
tij
bij

, ∀ (i, j) ∈ A ì£ïFì��lì¤élê ÷\ï;èLøLè�"�ìIô�õIå·é�ì¤ìIëdê�ç1ïFì (i, j) �:÷lê²ëdê�ñlëdê�çdê�æiïFì
ì·ë;ì#"�õIå¤ê�æiï;ëdê²ì$�:÷�ìIæiï;èLé�ìIélê élê%��÷��\å&�:÷lê²ì5ï;ë;ì�þJê�çdç;ì½ê�ç1ïFì½ìIëdê�ç1ïFì·ê çd÷�ì·ä�ìIñ�ìIä�èLé�ìIélêIí
' ê�ú�ælê3ü|çdê<åkä�÷lç1ï;å�é�ìkä�åJòkñ'åJælê�æiï;êä�åJælóJê�ç1ï;èLåJæ�ìIòkê�æiï;å φc
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çdê�óJ÷lælélåD÷lò�ì»ýf÷lælô�õIåDä�åJæiþJê(�lìDê�øLèLælê�ìIëWñ'åJë�ñ�ìIë1ï;ê�ç�ð�ñlëdåJñ'åJç1ïFì<ñ'åJë*)�åJë1ï+"�ê-,*�låJëd÷lñ.	���/��)ð
ìIñlëdê�çdê�æiïFìIé�ì æ�ì0)�èLóJ÷lë;ì � í1�Jí�înç1ïFì�ýf÷lælô�õIålðnì5ï;ëdè��l÷lè~ñ'ê�æ�ìIøLèLé�ìIélê�ç»élè#ýfê�ëdê�æiï;ê�ç<ñ�ìIë;ì³ä�ìIé�ì
ý@ìIè��lì�élêWä�åJælóJê�ç1ï;èLåJæ�ìIòkê�æiï;ålð5çdê�ælélå!ò�ìIèLåJëdê�çwìIçwñ'ê�æ�ìIøLèLé�ìIélê�ç2�:÷�ìIælélå!å3��÷��\å!çdê�ìIñlëdå4�\èLò�ì
élåøLèLòkè#ï;êWélê5��ìIælé�ì�é�ì�ìIëdê�ç1ïFì\í76©å��8 dê�ï;è#þJå � élèLç1ï;ëdè��l÷lèLënì�ä�ìIëdóiì-�låJòkåJóJê�ælê�ìIòkê�æiï;êSê�æiï;ëdê
ìIç�ìIëdê�ç1ïFìIç�é�ì»ëdê�élêIð�ì5ú�ò élê�òkèLælèLòkè�"�ìIë±å<çdåJò�ì5ï+9JëdèLå�élåJç�ä�÷lç1ï;åJç φc

ij
í:6;�lçdê�ë1þIì�ü|çdê;�:÷lê�åJç

��÷��\åJç<�:÷lêSê(�\ä�ê�élê�ò ì�ä�ìIñ�ìIä�èLé�ìIélê�élê�÷lò�ì�ìIëdê�ç1ïFì\ð tij
bij

> 1 ðJç;õIå!ýfåJë1ï;ê�òkê�æiï;ê�ñ'ê�æ�ìIøLè�"�ìIélåJç�í
înò´ä�åJæiï;ë;ìIñ�ìIë1ï;èLé�ì\ðlçdê÷lò�ìDìIëdê�ç1ïFì (i, j) æ�õIåkñ'åJçdçd÷lè=��÷��\ålð ä�åJælçdê��:÷lê�æiï;ê�òkê�æiï;ê φc

ij = 0 í
înç1ïFì�ýf÷lælô�õIåkélê�ú�ælèLé�ì�ñ'åJë��

φc
ij = bij .























































uij, se uij ∈ [0, 1/3),

3.uij − 2/3, se uij ∈ [1/3, 2/3),

10.uij − 16/3, se uij ∈ [2/3, 9/10),

70.uij − 178/3, se uij ∈ [9/10, 1),

500.uij − 1468/3, se uij ∈ [1, 11/10),

5000.uij − 16318/3, se uij ∈ [11/10,∞).
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×�Ø<Ù�Ú�Û�Ü�Ý�Þ�Û�ß�à2Ùáqâ#ã#ä�å�â&æ�ç�ä;è si, sg é&êÕ
∆(s, sg)← CalculaDiferencaSimetrica(si, sg) êë
Φ∗ ← CustoMin{Φ(si), Φ(sg)} êì
s∗ ← SolucaoMin{Φ(si), Φ(sg)} êí
s← si êî Û�ß�ï*ð,ñ-ß�à2Ù ∆(s, sg) 6= � ò ñ-ó�ñÖ

m∗ ← RetiraMovMin{Φ(s ⊕m) : m ∈ ∆(s, sg)} êô
s← s⊕m∗ êõ
∆(s, sg)← CalculaDiferencaSimetrica(s, sg) êö ÷ Û Φ(s) < Φ∗ Û�ß�à2ø�Ù

Õ2ù
Φ∗ ← Φ(s) êÕ�Õ
s∗ ← s êÕ<ë ú ÞKû ÷ Û êÕ2ì ú ÞKû�Û�ß�ï*ð,ñ-ß�à2Ù êÕ í Ø<ÛMà2Ù;ØNß,ñ�ØPü s∗ ý êú ÞSþ
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∆(s, sg) " � â#ã�ç � ã � � ç � ä�å-ç � � å��-ç õ þ:;°ç � äaäaã � � ��ä � ç � ä � � � ��äaã#ä �&� â#å���â Φ(s)

� â('�ç � â#å�ä �
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ÒC½�Æ�¶Y°0¶�¸	Ì�Ã�³�·5°�²�¿�¸	»�°�Ç!À�±�Á�ã8Ã5°�³�·�±'Ë�æ*¸<Õ,²�¶¿�¸G½�¸	¹�±0¼'¸	³�±�¶�Ã�¼ó¸	¹�¸	¼'¸	³-¿�±�³�±�Ñ�¸	½�±�Â
¶�²�¿�Æ�»�²�±N·�¸&¶�±�¹�Ã�Ç	ôA¸	¶6¸	¹�²�¿�¸�ÁX°�¶9¿�»�Ú	¶6¸:¿7°�½5°�¶4°�º	²�¼/°G·�¸	¶�º	»�²�¿7°�¶6¶�À�±*¸<Õ,¸	º	Ã,¿7°�·5°�¶	ÍGõC¸	½�±�²�¶9·5°
º	±�³�¶¿�»�Ã�Ç!À�±/·�¸4Ã�¼/°&¶�±�¹�Ã�Ç!À�±'²�³�²�º	²�°�¹r¸F°&±�ç,¿�¸	³�Ç!À�±/·�¸4Ã�¼�Æ�¿�²�¼'±&¹�±Aº!°�¹Q³5°�¶3¹�²�³�¾5°�¶|ö/¸�÷AÁ
»�¸	¶�½�¸	º:¿�²�´�°�¼'¸	³-¿�¸�Áp°G»�¸	º	±�³�¸<Õ�À�±*µY²�³�²�º	²�°�·5°,Í4Ù>¶�º	±�¹�¾�¸<Â)¶�¸&°�¹�¸!°�¿�±�»�²�°�¼'¸	³-¿�¸F³�±*Ñ�¸	½�±�¶�²�¿�Æ�»�²�±
·�¸/¶�±�¹�Ã�Ç	ôA¸	¶4Ã�¼/°*¶�±�¹�Ã�Ç!À�±*³5°0¹�²�³�¾5°*øAÁ�¸�Á�³5°0¹�²�³�¾5°Pù,Á�·�¸:¿�¸	»�¼'²�³5°`Â)¶�¸'ã8Ã5°�¹@¶�±�¹�Ã�Ç!À�±0¶�¸	»�æ
²�³�²�º	²�±Y¸6ã8Ã5°�¹X¶�±�¹�Ã�Ç!À�±'¶�¸	»�æ&Ì�Ã�²�°,Í@Ò�»�¸	º	±�³�¸<Õ�À�±/½�»�±�½�»�²�°�¼'¸	³-¿�¸9·�²�¿7°Yµ4»�¸!°�¹�²�â!°�·5°�³5°&¹�²�³�¾5°
¡ ÍNúC°*¹�²�³�¾5°   ×,Á�°P¶�±�¹�Ã�Ç!À�± x∗ µ'²�³�¶�¸	»�²�·5°P³�±�Ñ�¸	½�±�¶�²�¿�Æ�»�²�±�Áfº!°�¶�±0±�ç�¸	·�¸	Ç!°�°�±�¶4º	»�²�¿�µ	»�²�±�¶
°�·�±�¿7°�·�±�¶G½5°�»�°�²�³�¶�¸	»�Ç!À�±t³�±�Ñ�¸	½�±�¶�²�¿�Æ�»�²�±�Í~úC°�¶N¹�²�³�¾5°�¶   öt°   øAÁ3°�¼'¸	¹�¾�±�»/¶�±�¹�Ã�Ç!À�±�µ
°�»�¼/°�â	¸	³5°�·5°,Í

û °�¶�±�±�¼'µ:¿�±A·�±�¸	¶�º	±�¹�¾�²�·�±�¶�¸)Ë�°�±�·�¸P½�Æ�¶RÂ)±�¿�²�¼'²�â!°�Ç!À�±�Á>°�±�Ö5³5°�¹�²�â!°�»Y°�¸<Õ,¸	º	Ã�Ç!À�±ü·�¸
¿�±A·5°�¶G°�¶G²�¿�¸	»�°�Ç	ôA¸	¶/·�±ýÐ6Ñ�Ò9Ó,ÔpÁ\°�»�¸	º	±�³�¸<Õ�À�±t·�¸�º!°�¼'²�³�¾�±�¶/¶�¸	»�æ�»�¸!°�¹�²�â!°�·5°�¸	³-¿�»�¸0¿�±�Â
·�±�¶Y±�¶Y½�±�¶�¶�ß�´�¸	²�¶Y½5°�»�¸	¶Y·�¸N¶�±�¹�Ã�Ç	ôA¸	¶Yã8Ã�¸P½�¸	»¿�¸	³�Ç!°�¼þ°�±�Ñ�¸	½�±�¶�²�¿�Æ�»�²�±�Í�Ù>¶¿�¸P¼'µ:¿�±A·�±�µ
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 (*)

+-,�.0/21�3-46571�8�9:.<;>=@?BADCFEB=�GBH maxIT IKJL
P ← � J(
Φ∗ ←∞ JM +-N!,�N i = 1, ..., maxIT O N�P2NQ

x← ConstroiSolucaoAleatoria() JR
y ← BuscaLocal(x) JS T 1 i ≥ 2 1�8�9:U!.V

z ← EscolheRandomicamenteSolucaoElite(P ) JW
DeterminaSolucaoInicialeGuia(y, z) JX
x∗ ← ReconexaoDeCaminhos(y, z) JL:) T 1�8YU!.

L2L
x∗ ← y JL�( Z 5\[ T 1 JL:M

P ← InsereRepositorio(P, x∗) JL Q T 1 Φ(x∗) < Φ∗ 1�8�9:U!.
L�R

Φ∗ ← Φ(x∗) JL:S
s∗ ← x∗ JL V Z 5\[ T 1 JL:W Z 5\[]+-N!,�N JL:X ,�1�9:.^,�8YN!,`_ s∗ a JZ 5cb

dfe&g2h!i]j M b SDk C$l�m h!n!o�p�q�n!e&g2orn!ors!i�o�p m n!e&t m�u�v own m i m p�o u!mKx!y o#n m pzj*t e u!{ o l s�j*i]jwh!t|s!i�o�}
~!� m t�jrn m t e u e&t e&�zj*� y o
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�-���0�2���-�6 7��¡�¢:�<£>¤@¥B¦D§F¨B¤�©Bª maxIT «K¬�
P ← � ¬� �-!�� i = 1, ..., maxIT ® �¯2°

x← ConstroiSolucaoRamdomica() ¬±
y ← BuscaLocal(x) ¬²
P ← InsereRepositorio(P, y) ¬³ ´  \µ]�-!�� ¬¶

PosOtimizacao(P ) ¬·
s∗ ← SolucaoMin(P ) ¬¸ ����¢:�^��¡Y!�`¹ s∗ º ¬´  c»

¼f½&¾2¿!À]Á ° » ¶�Â §$Ã�Ä ¿!Å!Æ�Ç�È�Å!½&¾2Æ\Å Ä ¿!É £>¤@¥B¦D§ Ç�Æ2ÉÊÀ Ä Ç�Æ2Ë ÄKÌ!Í Æ7Å Ä ÇzÁ*É ½&Ë!Î!Æ Ã�Ï ¿ Ã Á*Ë!Å!Æ7Æ
É ÐÒÑ]Æ�Å!ÆÓÅ Ä>Ô È ÃÖÕ Æ*Ñ]½&É ½&×zÁ*Ø Í Æ ÏÙÔ Á*À]Á#¿!É Ô À�Æ2Ú!Û Ä É�ÁrÅ Ä É ½&Ë!½&É ½&×zÁ*Ø Í Æ
½&Û&¿ Ã Ñ]À]Á*Å!Æ�Ë�Á�Ü�¾2¿!À]Á ° » ¶ »>Ý$Ã Ñ Ä#Ô À�Æ�Ç Ä Å!½&É Ä Ë�Ñ]ÆÞÇ�Æ2Ë Ã ½ Ã Ñ ÄrÄ É Ô À Ä�Ä Ë!Ç	Î Ä À>Æ ¤@Ä�Ô Æ Ã ½ßÑ]È2À�½&Æ�Å Ä
Ã Æ2Û&¿!Ø�à Ä�ÃrÄ Û&½ßÑ Ä Å!¿!À]Á*Ë�Ñ Ä Á Ã maxIT

½ßÑ Ä À]Á*Ø�à Ä�Ã Å!Æ £>¤@¥B¦D§-Ï Æ2Ë!Å Ä*ÏáÄ ÉâÇzÁ*Å�Á`½ßÑ Ä À]Á*Ø Í Æ Ï Á
ã ¿!Ë!Ø Í ÆräKåDæ:çÒè]ç	é@çëê�ì:æÒíïîëð�èKíñìDò P, y ó ÐôÀ Ä�Ã�Ô Æ2Ë Ã]õzö2Ä Û Ô Æ2Àá½&Ë Ã�Ä À�½&À$Æ Ä Û Ä É Ä Ë�Ñ]Æ y

Ë!Æ ¤@Ä�Ô Æ Ã ½ßÑ]È2À�½&Æ
P
ÇzÁ Ã Æ�Æ Ä Û Ä É Ä Ë�Ñ]Æ�ÇzÁ*Ë!Å!½&Å�Á�Ñ]Æ y Ã Á�Ñ]½ Ã ã Á*ØzÁ Á Ã Ç�Æ2Ë!Å!½&Ø�à Ä�Ã Å Äø÷ ¿�Á*Û&½&Å�Á*Å Ä Å ÄøÃ Æ2Û&¿!Ø Í Æ Ä Å!½ Õ

ö2Ä À Ã ½&Å�Á*Å Ä*»úù-Ä À�É ½&Ë�Á*Å�Á Ã Ñ]Æ�Å�Á Ã Á Ã ½ßÑ Ä À]Á*Ø�à Ä�Ã�Ï À Ä Á*Û&½&×zÁ ÕëÃ�Ä Á#À Ä Ç�Æ2Ë ÄKÌ!Í Æ�Å Ä ÇzÁ*É ½&Ë!Î!Æ Ã�Ä Ë�Ñ]À Ä
Ñ]Æ�Å!Æ Ã Æ ÃFÔ Á*À Ä�Ã Å ÄûÃ Æ2Û&¿!Ø�à Ä�ÃFÄ Û&½ßÑ Ä@÷ ¿ ÄôÔ�Ä ÀüÑ Ä Ë!ØzÁ*ÉýÁ*Æ ¤@Ä�Ô Æ Ã ½ßÑ]È2À�½&Æ P Ï Ç�Æ2É ÆøÉ Æ Ã Ñ]À]Á*Å!Æ>Ë�ÁÛ&½&Ë!Î�Á ¶ »øþ ÁÞÛ&½&Ë!Î�Á · Ï ÆÿÁ*Û&¾2Æ2À�½ßÑ]É Æ Ä Ë!Ç�Æ2Ë�Ñ]À]ÁÿÁÞÉ Ä Û&Î!Æ2À Ã Æ2Û&¿!Ø Í ÆÞÅ!Æ�Ç�Æ2Ë���¿!Ë�Ñ]Æ Ä Û&½ßÑ Ä*Ï�÷ ¿ Ä*Ï
Ç�Æ2Ë Ã�Ä�÷ ¿ Ä Ë�Ñ Ä É Ä Ë�Ñ Ä*Ï Ã�Ä À õ Á Ã Æ2Û&¿!Ø Í ÆÓÅ Ä É Ä Û&Î!Æ2À ÷ ¿�Á*Û&½&Å�Á*Å ÄBÄ Ë!Ç�Æ2Ë�Ñ]À]Á*Å�Á Ô�Ä Û Á#Î Ä ¿!À�� Ã Ñ]½&ÇzÁ »
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½m¾ ¿�À�ÁpÂ[ÃOÄ?Ã�Å]Æ�Ç?Â;ÈxÉ;Ê¶Ë�ÌJÆ Í=Î
Ï?Ð4Ñ�Ò=Ó?ÏaÒ

k Ô Ð4ÓJÕ7Ö�Ð�×?Ñ�Ó?Ø�ÙXÖ�ÚDÛXÐ4Ñ
ok

Ð�×?Ñ�Ó?Ø�Ï?Ð4Ü6Õ7ÚDÓ?Ù
dk ÝEÞ Ü6Õ7ÐoÒ=ßDÛXÙXÖ�Ú@Õ7Ñ.Ùo×?Ü7Ò.à�Ð4Ü�ÙXÜ Ôà?Ö�Ð�ámÚnÒ=Ñ.Ð4ÓJÕ7ÐuÒpÕ7Ö�ÚDâ?×?ãDÏ?ÙXÜSÒyä;Ò=ÏaÒ/Ò=Ö�Ð4Ü6ÕKÒyàaÒ=Ö7ÒyÏ?Ð�Õ7Ð4Ö�Ñ.ÚDÓaÒ=ÖcÐ4Ü6Õ7ÐuÑ.Ð4Ó?ÙXÖSä;Ò=Ñ.ÚDÓ?å?Ù Ý�æ Ð4Ü6Õ7Ðà?Ö�ÙXâ?ßDÐ4Ñ�Ò Ô Ï?Ð�Õ7Ð4Ö�Ñ.ÚDÓaÒ�ç�Ü�ÐSÙuà�Ð4Ü�Ù wij

Ò=Ü�Ü�Ùmä4ÚnÒ=Ï?Ù�Ò�ä;Ò=ÏaÒ.Ò=Ö�Ð4Ü6ÕKÒ
(i, j) ∈ A Ô ä;Ò=ßDä4×?ßnÒ=Ó?Ï?Ùpç�Ü�ÐÙyÚDÑ.àaÒ=ä�Õ7Ù~Ò=à?Ö�Ð4Ü�Ð4ÓJÕKÒ=Ï?Ùà�Ð4ßnÒ�à�ÙXÜ�Ü�ã@áXÐ4ßkÚDÓ?Ü�Ð4Ö�è;é=ÙyÏaÒ~ä;Ò=Ö�ÛJÒ

l Ô Ó?Ð4Ü6ÕKÒ/Ò=Ö�Ð4Ü6ÕKÒ Ý�Þ Ü6Õ7Ð�à�Ð4Ü�Ù/êä;Ò=ßDä4×?ßnÒ=Ï?ÙoÏaÒ�Ü�Ð4ÛX×?ÚDÓJÕ7ÐSësÙXÖ�Ñ�ÒUì�ímÐ�î7Ò
φij Ô Ùuä4×?Ü6Õ7Ù�Ò=Ü�Ü�Ùmä4ÚnÒ=Ï?ÙuÒ�Ò=Ö�Ð4Ü6ÕKÒ (i, j) Ô Ï?Ð�ïaÓ?ÚDÏ?Ùuà�ÙXÖ

φij = (1− δ) . φa
i,j + δ . φc

ij, ðsñ Ý@ò�ó
ÙXÓ?Ï?Ð

φa
i,j

ê]Ò�ä4ÙXÑ.à�ÙXÓ?Ð4ÓJÕ7Ð�Ï?ÐeÒpÕ7Ö7Ò=Ü�ÙEÏ?Ð�à?Ö�ÙXàaÒ=ÛJÒ=è;é=Ù Ô Ð φc
ij

ÙQä4ÙXÓ?ÛXÐ4Ü6Õ7ÚDÙXÓaÒ=Ñ.Ð4ÓJÕ7Ù Ô Ö�Ð4ßnÒpÕ7Ú@áXÙXÜô Ò=Ö�Ð4Ü6ÕKÒ
(i, j) Ý�õ àaÒ=Ö7ö=Ñ.Ð�Õ7Ö�Ù�Ï?Ð�Ð4ÓJÕ7Ö7Ò=ÏaÒ δ ∈ [0, 1] Ô Ï?Ð�Õ7Ð4Ö�Ñ.ÚDÓaÒ�Ù~à�Ð4Ü�Ù/÷¶×?Ðoä;Ò=ÏaÒ~×?Ñ�ÒÏaÒ=Ü�ä4ÙXÑ.à�ÙXÓ?Ð4ÓJÕ7Ð4ÜoÒ=ÓJÕ7Ð4Ö�ÚDÙXÖ�Ð4ÜOà�ÙXÜ�Ü�×?Ú Ô Ó?ÙVä;ø=ßDä4×?ßDÙ/Ï?ÙVä4×?Ü6Õ7Ù φij Ô ä4ÙXÑ.ÙVÒ=à?Ö�Ð4Ü�Ð4ÓJÕKÒ=Ï?ÙwÐ4ÑÏ?Ð�ÕKÒ=ßDå?Ð4ÜQÓ?Ùuä;Ò=à?ã@Õ7×?ßDÙ Í Ýeù ÙXÓ?Ü�ÚDÏ?Ð4Ö�ÐOÕKÒ=Ñoâ�ê4Ñ Ô

φ̄ij = (1− δ) . φ̄a
i,j + δ . φ̄c

ij, ðsñ Ý Í ó
ä4ÙXÑ.ÙwÙwà�ÙXÜ�Ü�ã@áXÐ4ß9Ó?ÙúáXÙvä4×?Ü6Õ7ÙûÏaÒwÒ=Ö�Ð4Ü6ÕKÒ

(i, j) Ô ÙXÓ?Ï?Ð~Ð4Ü6Õ7ÐyÓ?ÙúáXÙûä4×?Ü6Õ7Ù φ̄ij Ô ê~ä;Ò=ßDä4×?ßnÒ=Ï?ÙÒ=à�ØXÜ�Ò�Ò=Ï?ÚDè;é=ÙvÏaÒ�ä;Ò=Ö�ÛJÒ
l
ÓaÒvä;Ò=Ö�ÛJÒ�ÒpÕ7×aÒ=ß

tij Ô ÷¶×?ÐVÒpÕ7Ö7Ò;áXÐ4Ü�Ü7Ò#Ò�Ò=Ö�Ð4Ü6ÕKÒ (i, j) Ý�ü Ð4Ü6ÕKÒësÙXÖ�Ñ�Ò Ô Ù�Ò=×?Ñ.Ð4ÓJÕ7Ù�ÏaÒ�ä;Ò=Ö�ÛJÒ tij
Ö�Ð4Ü�×?ß@ÕKÒ�Ó?Ù#Ò=×?Ñ.Ð4ÓJÕ7Ù#ÏaÒ=Ü�ä4ÙXÑ.à�ÙXÓ?Ð4ÓJÕ7Ð4Ü�Ï?ÐwÒpÕ7Ö7Ò=Ü�Ù�Ð

ä4ÙXÓ?ÛXÐ4Ü6Õ7ÚDÙXÓaÒ=Ñ.Ð4ÓJÕ7ÙÖ�Ð4ßnÒpÕ7Ú@áXÙXÜOÒÒ=Ö�Ð4Ü6ÕKÒ
(i, j) Ý ímÐ4Ó?Ï?ÙVÒ=Ü�Ü�ÚDÑ Ô Ùà�Ð4Ü�ÙwÒ=Ü�Ü�Ùmä4ÚnÒ=Ï?ÙÒÒ=Ö�Ð4Ü6ÕKÒ

(i, j)
êOÏ?Ð�ïaÓ?ÚDÏ?Ù.à�ÙXÖ

wij = φ̄ij − φij, ðsñ Ý Î ó
ÙX×�Ü�Ð�î7Ò Ô ÒwÏ?Ú@ësÐ4Ö�Ð4Ó?è;ÒûÐ4ÓJÕ7Ö�ÐyÙûà�ÙXÜ�Ü�ã@áXÐ4ß�Ó?ÙúáXÙvä4×?Ü6Õ7Ù φ̄ij Ô ä;Ò=ßDä4×?ßnÒ=Ï?ÙûÒ=à�ØXÜ�ÒwÚDÓ?Ü�Ð4Ö�è;é=ÙûÏaÒä;Ò=Ö�ÛJÒ

l
ÓaÒuÒ=Ö�Ð4Ü6ÕKÒ

(i, j) Ô ÐSÙ.ä4×?Ü6Õ7Ù�ÒpÕ7×aÒ=ß�Ï?Ð4Ü6ÕKÒ.Ò=Ö�Ð4Ü6ÕKÒ φij Ý

ýyþ7ÿ ���������	��
�����������������

æ ÒVëxÒ=Ü�Ð�Ï?Ð~ä4ÙXÓ?Ü6Õ7Ö�×?è;é=Ù Ô ×?Ñ�ÒÜ�ÙXßD×?è;é=ÙwÚDÓ?ÚDä4ÚnÒ=ß�ê�ä4ÙXÓ?Ü6Õ7Ö�×?ãDÏaÒV×?Ü7Ò=Ó?Ï?ÙûàaÒ=Ö7ÒVä;Ò=ÏaÒVÏ?Ð[çÑ�Ò=Ó?ÏaÒ
k
×?Ñ��?Ó?ÚDä4Ùuä;Ò=Ñ.ÚDÓ?å?Ù

c1
k

÷¶×?ÐOÏ?Ð�áXÐ�Ö�Ù=Õ7Ð;Ò=ÖEÕ7ÙmÏaÒoÜ�×aÒuä;Ò=Ö�ÛJÒ
lk Ýeõ ÜQä;Ò=Ñ.ÚDÓ?å?ÙXÜ�Ü7é=ÙÚDÓ?Ü�Ð4Ö�ÚDÏ?ÙXÜh×?Ñ�ÒH×?Ñ�ÓaÒHÜ�ÙXßD×?è;é=ÙcÒpÕ7ê9÷¶×?Ð�Õ7ÙmÏaÒ=ÜkÒ=Ü

K
Ï?Ð4Ñ�Ò=Ó?ÏaÒ=ÜhÜ�Ð�î7Ò=Ñ�Ö�Ù=Õ7Ð;Ò=ÏaÒ=Ü Ý�� Ð4Ü6Õ7Ö7Ò�çÕ7ê4ÛXÚnÒ�×?Ü7Ò=ÏaÒoàaÒ=Ö7ÒoÐ4Ü�ä4ÙXßDå?Ð4ÖE÷¶×aÒ=ß{Ï?Ð4Ñ�Ò=Ó?ÏaÒoÜ�Ð4Ö7øoÚDÓ?Ü�Ð4Ö�ÚDÏaÒoÓaÒ�Ü�ÙXßD×?è;é=ÙuÒoä;Ò=ÏaÒoÚ@Õ7Ð4Ö7Ò=è;é=Ù�ësÙXÚ

Ï?Ð4Ü�Ð4ÓJáXÙXß@ámÚDÏaÒ.ÒpÕ7Ö7Ò;áXê4Ü2Ï?ÐOÓ¶×?Ñ.Ð4Ö�ÙXÜ�ÙXÜEÕ7Ð4Ü6Õ7Ð4Ü2÷¶×?ÐOßDÐ�á=Ò=Ö7Ò=Ñ Ð4Ñ ä4ÙXÓ?Ü�ÚDÏ?Ð4Ö7Ò=è;é=Ù.Ò�÷¶×aÒ=ßDÚDÏaÒ=Ï?Ð
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Ü(ò ÌHÍ6Ôeñ Ú ÊOêSè�Ò Û Ë�ÍJÕ Û Ô*ú����4âEÔjÓSÔ Û:Ù ÔeâOÒ*ÓSÔ�ÏÕ=ÊOÖOÒ ch
kË^Ó Û ÕMÔ Ú ÏfÊOÒmç�ÒªÓSÔ�ÏÕ=ÊOÖOÒ c

r(k)+1
k

ÓSÔ�Ñ=Ó Ú ÑMÔ�ÊOâOÒ]ÒaÓSÔ�ÏÕ=ÊOÖOÒ]Ïå=ÊOÕ=ÏÒÒ Û Õ Ù ËAÏ^äuâOËAÌHÍJÕ=ÊOÒCÐEÔ Û ÔÓSÔ Û:Ù Ô Û Ë�ÍJÕ Û Ô�âEÔ Ü|õ ÔjÑ=Õ=ÊOÖEÔ^ÿtú á Ú ÏCÔ��������������������! "��#�$�#%
'& Saux
ã�Ó Û ÕMÔ�âEÔ á Õ=ÊOÌ:Ë Û Õ=ÊOâOÒ�äuÌ:Ë�ËAÌHÍJË
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e�f+g-h/i�j%k�l4m6n�k�l�o p?q

rts�u[v?w�xty'z�w�{^|�u~}a�/�A�V���`�t���V�/�K���^�?�O���X���4�=�A�A��� Si, β �%��
S ← Si ��
Φ∗ ←∞ �p
Q← � ��
L← InicializaConjuntoCandidatos() �� w�{t�����"{^|�u Φ(S) < Φ∗ � �"�?�

q
Φ∗ ← Φ(S) � 
L← AtualizaConjuntoCandidatos(L, Q) �¡
Q← � �¢ rt�As�� ∀ ch

k ∈ L � �"�?�
��£

LRCbl ← GeraLRCbl(L, β) ��?�
ch
k ← SelecionaElemento(LRCbl) ����

L← L\{ch
k} �� p ¤ w r(k) < R w�{^|�¥Au

� �
c
r(k)+1
k ← CriaCaminho(ch

k) ����
Saux ← AtualizaSolucao(S, c

r(k)+1
k ) �� q ¤ w Φ(Saux) < Φ(S) w�{^|�¥Au�  

S ← Saux ���¡
Q← InsereNovoCaminho(Q, c

r(k)+1
k ) ���¢ ¦ z¨§ ¤ w ���£ ¦ z¨§ ¤ w ���� ¦ z¨§Crt�As�� ��?� ¦ z¨§Cw�{t�����"{^|�u �� p s�w�|�u�s�{��Asª© S «��¦ z¬

® �=¯?°A�C� � ¬ ¡�±I²K³�´ °AµA���O¶�µA�=¯?�·µ"�·¸A° ³ �X�·¹=���X��¹��^�?��v?�"zºy'{t»�u~µA��¼�½��¾� ² �A���?�^� ³M¿ �



À�Á+À-Â/ÃOÄOÅ�Æ^Ã�Ç"È�Å�ÉÊÅ�ËUÌKÍ�Î4Ï=ÆAÐ^Å�Ñ Ò�Ó
ÔAÕ�Ö?ÕR×XØ�Ù4Ú=ÔAÛAÕ�Ô"Ø�Ü�Õ?Ý=ÞAßXà�Õ-×OÕ?á�á�âOÔ�ãCâ S äKå Ø�Ý=Ú=ÔAÛ"Ø4æ�ç�è�é!Ö?âOá�Úëê"×XØ�ìAÕ-Ü�â/Õ-×OÞAÜMãCÕRì"Ø�Ü�Õ?Ý=ÞAßXà�Õ
ãCâOÙ4í^Õ?áCî�á�ÚPØ¾é!Ù4âOÔAÕ?áIï�ÞAâ!Õ�×OÞAÜMãCÕ-ì"ØUÜ�Õ?Ý=ÞAßXà�Õ�×OÕ?á�á�âOÔ�ãCâ äñð Ø�Ü�Õ-âOÜMã	Ø�×OÕ?ÔAìAÚ=ßXà�ÕUÜ�â�òCØUÖ?âOá�ì"Ø�ó
ìAâOÚ=áCØ�è^Ø4Ü�Õ?Ý=ÞAßXà�Õ S á�âO×OâOô^âRØ4Ü�Õ?Ý=ÞAßXà�Õ4ãCâOÙ4í^Õ?áCî�á�ÚPØ Saux

Ô"Ø�Ý=Ú=ÔAÛ"Øõæ Ó è^âUÚ=ÔAÜ�âOá�â%ó�Ü�â-Õ�ÔAÕ�Ö?Õ
×XØ�Ù4Ú=ÔAÛAÕ c

r(k)+1
k

Ô"Ø�Ý=Ú=ÜMã	ØUØ�Þ�ö�Ú=Ý=ÚPØ�á Q äIå Õ�ê"Ù÷ìAÕ-íAá�Õ�×OâOìAÚ=Ù4âOÔ�ãCÕ-á�â�ãCÕ?á�Ô"Ø�ó�Ü�â/Ø�Ü�Õ?Ý=ÞAßXà�Õ S è
ï�ÞAâUá�âOíAá�âOÜ�âOÔ�ã	Ø�ØRÙ4âOÝ=ÛAÕ?áaÜ�Õ?Ý=ÞAßXà�Õ·âOÔA×OÕ?Ô�ãCáCØ�ì"Ø·âOÙøãCÕ�ì"Ø�Ü`Ø�ÜùÚëãCâOáCØ�ßOú�âOÜ�ì"ØRôAÞAÜ�×XØ4Ý=Õ�×XØ�Ý ä

ûõü�û ýÿþ������õþ����	��
��	����������������

� á�âO×OÕ?ÔAâ%öAà�Õ ìAâ4×XØ�Ù4Ú=ÔAÛAÕ?Ü/íAá�Õ?í^Õ?ÜMã	Øõí^Õ?á¾âOÜMãCâ·ãCáCØ�ô"Ø�Ý=ÛAÕõé·á�âXØ�Ý=Ú��XØ�ì"Ø ×OÕ?Ù4ÕõÙ4é�ãCÕ�ìAÕ
ìAâ~Ú=Ô�ãCâOÔAÜ�Úëê"×XØ�ßXà�Õ�ì"Ø ôAÞAÜ�×XØ�Ý=Õ�×XØ�ÝùâOÙ ãCÕ�ì"Ø�Ü�Ø�Ü�ÚëãCâOáCØ�ßOú�âOÜ4ìAÕ��	� � �"! ä$# ÜMãCâ~íAá�Õ�×OâOìAÚ ó
Ù4âOÔ�ãCÕ é Þ�ãCÚ=Ý=Ú��XØ�ìAÕ¨Ø í"Ø�áMãCÚ=áRì"Ø Ü�â�%?ÞAÔAì"Ø ÚëãCâOáCØ�ßXà�ÕAèñÞAÙ�ØªÖ?â��~ï�ÞAâ~é ÔAâO×OâOÜ�ÜCî�á�Ú=Õ�â%ö�Ú=ÜMãCÚ=á
Ø�Õ�Ù4âOÔAÕ?Ü!ÞAÙ�Ø4Ü�Õ?Ý=ÞAßXà�Õ�ÔAÕ�á�âOí^Õ?Ü�Úëã'&?á�Ú=ÕAè"í"Ø�áCØ�ï�ÞAâ-Ø�á�âO×OÕ?ÔAâ%öAà�Õ í^Õ?Ü�ÜCØ�Ü�âOá!á�âXØ�Ý=Ú��XØ�ì"Ø ä �
á�âO×OÕ?ÔAâ%öAà�Õ ìAâ�×XØ�Ù4Ú=ÔAÛAÕ?Ü`é-Ø�íAÝ=Ú=×XØ�ì"ØRâOÙ ×XØ�ì"Ø�ÚëãCâOáCØ�ßXà�Õ4âOÔ�ãCá�â-ÞAÙ�Ø·Ü�Õ?Ý=ÞAßXà�Õ(%?âOáCØ�ì"Ø4í^âOÝ=Õ
�	� � �"!*) Ü�Õ?Ý=ÞAßXà�Õ ×OÕ?á�á�âOÔ�ãCâ,+!â-ÞAÙ�Ø4Ü�Õ?Ý=ÞAßXà�Õ Ü�âOÝ=âO×OÚ=Õ?Ô"Ø�ì"Ø�ÔAÕõá�âOí^Õ?Ü�Úëã'&?á�Ú=Õ ä.- Ü�âOÔ�ãCÚ=ìAÕõâOÙ
ï�ÞAâ4âOÜMã	Ø á�âO×OÕ?ÔAâ%öAà�Õ~é·á�âXØ�Ý=Ú��XØ�ì"Ø ìAâOí^âOÔAìAâ�ìAÕ Ù4é�ãCÕ�ìAÕ Þ�ãCÚ=Ý=Ú��XØ�ìAÕ äRå âOÜMãCâ·ãCáCØ�ô"Ø�Ý=ÛAÕõï�Þ"Ø�ó
ãCá�ÕõâOÜMãCáCØ�ãCé�%?ÚPØ�Ü*/ Õ?áCØ�Ù íAá�Õ?í^Õ?ÜMã	Ø�Ü ä � âOÜMãCáCØ�ãCé�%?ÚPØ�ô"Ø�×1032aØ�á�ì )54�68719;:1< +`ï�ÞAâRá�âXØ�Ý=Ú��XØ�Ø�� ð
ÞAÜCØ�ÔAìAÕ Ø�Ü�Õ?Ý=ÞAßXà�Õ ìAâRÙ�Ø�Ú=Õ?á�ï�Þ"Ø�Ý=Ú=ì"Ø�ìAâ�×OÕ?Ù4Õ>=@?A= : = 9CB âRØ�Ü�Õ?Ý=ÞAßXà�ÕõìAâ-Ù4âOÔAÕ?á!ï�Þ"Ø�Ý=Ú=ì"Ø�ìAâ
×OÕ?Ù4ÕEDCFG= 9 äIH Þ"Ø�Ü-Ö�Ø�á�ÚPØ�Ô�ãCâOÜ�ìAâOÜMã	ØªâOÜMãCáCØ�ãCé�%?ÚPØ ã	Ø�Ù-ô^éOÙ�/ Õ?áCØ�Ù íAá�Õ?í^Õ?ÜMã	Ø�ÜOèñØ 4�6KJ5L;M â
Ø 4�6KJON"M è�ï�ÞAâUá�âXØ�Ý=Ú��XØ�Ù Ø·á�âO×OÕ?ÔAâ%öAà�Õ�ÔAÕ�Ü�âOÔ�ãCÚ=ìAÕ�ô"Ø�×1032aØ�á�ì�è^í^Õ?á�éOÙ è�í^âOá�×OÕ?á�á�âOÙ Ø�í^âOÔ"Ø�Ü
PCQ3R âTS Q3R ì"ØRãCáCØ�ò�â�ã'&?á�ÚPØRìAâUá�âO×OÕ?ÔAâ%öAà�ÕAè�á�âOÜ�í^âO×�ãCÚëÖ�Ø�Ù4âOÔ�ãCâ äU- Þ�ãCáCØ·âOÜMãCáCØ�ãCé�%?ÚPØ·íAá�Õ?í^Õ?ÜMã	Ø
/ Õ?Ú�Ø4á�âO×OÕ?ÔAâ%öAà�Õ�ìAâU×XØ�Ù4Ú=ÔAÛAÕ?ÜU/ Õ?áV2aØ�á�ì )54�6"WYX[Z +%è"Õ?ÔAìAâ�Ø·Ü�Õ?Ý=ÞAßXà�Õ4ìAâUÙ4âOÔAÕ?á�ï�Þ"Ø�Ý=Ú=ì"Ø�ìAâ�é
Þ�ãCÚ=Ý=Ú��XØ�ì"Ø�×OÕ?Ù4Õ�=@?A= : = 9CB âUØ·Ü�Õ?Ý=ÞAßXà�Õ·ìAâ�Ù�Ø�Ú=Õ?áVï�Þ"Ø�Ý=Ú=ì"Ø�ìAâ/×OÕ?Ù4Õ(DCFG= 9 ä

å Ø�\6Ú�%?ÞAáCØ(] ä ^ í^Õ�ìAâ%ó�Ü�â-Õ?ôAÜ�âOáMÖ�Ø�á¾Õ âOÜ�ï�ÞAâOÙ�ØõìAâ-á�âO×OÕ?ÔAâ%öAà�Õ ìAâR×XØ�Ù4Ú=ÔAÛAÕ?Ü ä�ð Õ?Ù4Õ Ø
ìAÚ=ÔA_�Ù4Ú=×XØ ì"Ø á�âO×OÕ?ÔAâ%öAà�Õ¨ìAâ ×XØ�Ù4Ú=ÔAÛAÕ?ÜUô"Ø�Ü�âOÚPØ�ó�Ü�â âOÙ ãCá�Õ�×XØ�á-Ø�ãCá�Ú=ôAÞ�ãCÕ?Ü�ì"Ø Ü�Õ?Ý=ÞAßXà�Õ Ú=ÔAÚ ó
×OÚPØ�Ý í^Õ?á�Ø�ãCá�Ú=ôAÞ�ãCÕ?Üaì"ØRÜ�Õ?Ý=ÞAßXà�Õ`%?ÞAÚPØ�è�é¾ìAâ�á�âOÝ=â�Ö�Ø�Ô�ãCâ¾Ú=Ù4í^Õ?áMã1_�ÔA×OÚPØ�ØRÚ=ìAâOÔ�ãCÚëê"×XØ�ßXà�Õ·ìAâOÜMãCâOÜ
âOÝ=âOÙ4âOÔ�ãCÕ?Ü äºð Õ?Ù4ÕªÚ=Ý=ÞAÜMãCáCØ Ø~êA%?ÞAáCØ>] ä ^�ä Ø�èKÞAÙ�Ø Ü�Õ?Ý=ÞAßXà�Õªéa/ Õ?á�Ù�Ø�ì"Ø~í^Õ?á K Ø�ãCá�Ú=ôAÞ�ãCÕ?ÜOè
Õ?ÔAìAâõ×XØ�ì"ØªØ�ãCá�Ú=ôAÞ�ãCÕ âOÜMã	Ø¨Ø�Ü�Ü�Õ�×OÚPØ�ìAÕ¨Ø ÞAÙ�Ø ìAâOÙ�Ø�ÔAì"Ø â éa/ Õ?á�Ù�Ø�ìAÕ í^âOÝ=Õ ×OÕ?Ô�ò�ÞAÔ�ãCÕ¨ìAâ
×XØ�Ù4Ú=ÔAÛAÕ?Ü/ÞAÜCØ�ìAÕ?Ü¾í"Ø�áCØ á�Õ�ãCâXØ�á�Ø ×XØ�áb%�Ø ìAâOÜMã	ØõìAâOÙ�Ø�ÔAì"Ø äTH Þ"Ø�Ü¾Ü�Õ?Ý=ÞAßOú�âOÜ ) S1

â S2
+`ÜCà�Õ

×OÕ?ÔAÜ�Ú=ìAâOáCØ�ì"Ø�Ü�Ú�%?Þ"Ø�Ú=Ü/ï�Þ"Ø�ÔAìAÕ ãCÕ�ìAÕ?Ü¾Õ?ÜUØ�ãCá�Ú=ôAÞ�ãCÕ?Ü¾ì"ØõÜ�Õ?Ý=ÞAßXà�Õ S1
ÜCà�Õ Ú�%?Þ"Ø�Ú=Ü¾Ø ãCÕ�ìAÕ?Ü¾Õ?Ü

Ø�ãCá�Ú=ôAÞ�ãCÕ?ÜV×OÕ?á�á�âOÜ�í^Õ?ÔAìAâOÔ�ãCâOÜùì"Ø-Ü�Õ?Ý=ÞAßXà�Õ S2 ä � Ü�Ü�Ú=Ù ×OÕ?Ù4ÕAè�ìAÕ?Ú=ÜaØ�ãCá�Ú=ôAÞ�ãCÕ?ÜV×OÕ?á�á�âOÜ�í^Õ?ÔAìAâOÔ�ó
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}'~����'�C�����|�x�b���x~��'�C�x�|�����|�A�C���$�;�A�C�x�x���T���|�k�b�x�3}'���x~.�Y�C�v���x�x�|�$~ ���;�A�C�3}'���A�C�x~.�x~.�Y�C�b�3�
�;�x~*�l~��b���|�b�b~��Y�C�A� �Y�C�v���x�x� �'�C�����|�A�C���������C�'� �b~Y�C�����Y�C�����b~����x�b�G��~��x���v~��3}'� �x~*�b~����|�x~��x�C�
�x~U�Y�C�v���x�x�|���C���x�������C���v~��3}'~$�|�"}'�������b~U���b�|���x Y�C� �|~��'�C�A�.�l~����	¡	¢�£ ¤"�E~U�b~���~������|�A�k���b~U�C��~��
�[}'�|�b���C�v~��3}'~��|�"}'�'�(�b�|���x Y�C�a�x���b~��l�|�b�¥}'¦|�b���x� §s�¨�b~��|�x���A�"�©�x~��C���|�b�x�����|�ª�a~��V}'�'�[}'���|���
�"}'�������Y�C�A�"�l�x~«}'~��b�v���A�k���b~T�;�A�C���b�|���x Y�C���b~��'¬��vV¤G�|���x Y�C�a®��x�������C�¯	~��;�A�C�K�b~��'¬��vV¤G�|���x Y�C�
¡ �x���k1�K°��	±A�|�x�'��²x� ³"� �©�G�|���[}'�b���x�"}'�|�*´.~�²��'�C�T���|�A�C�����3�|�a�b~��'�"�"���Y�C�b�3�C�$�A�C���x~��(�C�x�A�C�
´(~(²>�'�C�µ�b�C}'~Y�C�A�C���x~v¶·�|�b�(��~��x�[}1�C�v~��3}'~a���|�A�C�K}1�C�3}'�>�A�¸�b�|���x Y�C�µ���x�������C�¹�º�;�A�C�3}'�>�A�
�b�|���x Y�C�µ�|�x���"�¸»��C�A�¸�x���x�|�T�[}'�b���x�"}'�|���A�¸�b�|���x Y�C�µ���x�������C�¹�º�;�x~(�b~��'�µ�x�¥¶·~��b~��3}'~(�x~v�b~��
���|�b�b~��b�l�|�x�x~��3}'~a�A�¸�b�|���x Y�C�¸�|�x�����b~��'¬µ�b�x�x�V}'�¥}'�x¼��x�¸�l�|��~��V}'~a�[}'�b���x�"}'�����|�b�b~��b�l�|�x�x~��3}'~C�
½ �a�[}'�b���x�"}'�|�`�x~«¾|~��¿�b~��(�b�x�x�V}'�¥}'�x¼��x�|�v�x�À�I�x�¸��~µÁI�Y�C�A�Â�b�x�x�V}'�¥}'�x�� Y�C�I�Â���x�V}'�Ã�A�
�b�|���x Y�C�µ���|�b�b~��3}'~a�x~«¾|~��'¬>�b~����Y�C�����x���C�x�x��£U�µ±A�A�C�8�x~a�Y�C�A�¸�A�C�b�b�x�s�µ�b�x�x�V}'�¥}'�x�� Y�C�x�Ä�x~��
�x�|�v���A�C�A�a�v�,¾G���v~��3}'�x�©�;�x~v�b~��b�x�¥}'�|�E�A���b�|���x Y�C���x~`�v~��x�|� ���x�V}'�x�Å}'�|�b�A�k���b~`���b�|���x Y�C�
���|�b�b~��3}'~��A�C�'�(�a�x�b¦Y�"���v�(�A�C�b�b�x�	°*�a~��"~��v�x�����C�x�b~��b~��3}1�C�x���|�x�b~��V¾C�k���b~T�A�v±A�|�x�'�(²x� ³"� �
�;�x~v}'�G�x�|���|���[}'�b���x�"}'�|�	�A���b�|���x Y�C�¸���x�������C�K�'�C�µ���|�A�C���	�C�|���[}'�b���x�"}'�|�	�A���b�|���x Y�C�µ�|�x���"�
�C���Y�C�x Y�C�x�x�.� ���b�¥}'���b�����x~U�A�C�'�C�A���x� �x�b�G��~��x���v~��3}'�x�s¤G~��'¬.~��3}1�C�	�C�x�v�¥}'���A�����|�v�.�b�|���x Y�C�
±A�A�C�¹�Æ�`�b�|���x Y�C�`�x~��v~��x�|�U���x�V}'�(~��x���|�3}'�'�C�A�v�x~��3}'�b~��C�*�b�|���x �ÇG~��U¾|~��b�¥±A�Y�C�A�C�*�x�x�'�C�3}'~��
�x�b�G��~��x���v~��3}'�x�
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���C�'���;�x~��b~��l�|�b�'���b~Y�C�����Y�C�Ä���b~����|�x~��x�C�.�x~��Y�C�v���x�x�|���[�x~«¾|~����b~����x~«±A�x���A�C�K�C���l�|��¼¥}'�¯�
�Y�C�U�x~.�|~��b~��x�����C�v~��3}'���A�C�'�T�����|�k�b�x�3}'���x~ �b�|���x �ÇG~���~����¥}'~C�s§s�V}'~ ���|�k�b�x�3}'�x�x�x~��x�|�v���A�C�x�
åaæ;çsèléYê@ë,ìÆí[ê·è �G���|�3}'���î�x�(���;�A�C�3}'���A�C�x~ �����v�¥}1�C�A�	�x~	~���~��v~��3}'�|���x�x�b�����x~«}'~��b�v���A�C�A�T�l�|�
�x�ï�A�C�'ðC�v~«}'�b�äñ��x~�~��3}'�'�C�A�"��°*~��V}'~����|�k�b�x�3}'�v�'�C�v�b~Y�C�����Y�C�A�C�U�A�C�b���Y�C�v~��3}'~��x�|����}'���l�|�
�x~��C �ÇG~���ò����x�����x�'�C�`~��b~���~� Y�C�(�x~�~���~��v~��3}'�|���U£Þ�b~���~� Y�C�(�x~�~���~��v~��3}'�|���Æ�;�x~����|�x�b���V}'~�~��
~��b���|���x~��	�x�ó~���~��v~��3}'���A�C�'���;�x~v�b~`�b~Y�C������~`���b~����|�x~��x�C�¸�x~��V}'~v���|�ó�x�(���b�|���x Y�C�����|���
�b~��3}'~C�Ò���b~Y�C�����Y�C�A���x~�¶·�|�b�(��}'�C}1�C���v~��3}'~��C��~Y�[}'¦|�b���"�����C�'�v�|~��b~��x�����C���v���x�����x�'�C�v�x~��x�(�
�x~«}'~��b�v���A�C�A���b�|���x Y�C���x�(¢�~��l�|�b�¥}'¦|�b���x�G�x~«±A�x���'�C�����b~ �x�A�C��~��V}'�'�[}'���|���C��ò

• ô é�èlõOöÄ÷|øxè�ù|èÆíkíkæGúlë,æTæGúlë,í ô úÅè�õOöÅû ô í ü ô ç�ê·èÆí é�èlõOöÄ÷|øxè�üÅèaåaæ;çsèléYê@ë,ìÆí[ê·è òº~��V}1�
~��V}'�'�[}'���|��� ���|�x�b���V}'~�~��¸�3�A�C�x�	�;�x~*�	���x�V}'���x~��x�(�.�b�|���x Y�C�	���|�b�b~��3}'~*�U�v~����x�|�K�;�x~
�v���x�V}'�(�A�v�x���|�U�b�|���x Y�C�v�x�(¢�~��l�|�b�¥}'¦|�b���x�A�`�b�|���x Y�C�v���|�b�b~��3}'~������x�b~��b���A���x�(���x�3�C�
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BDCEB)F�G�H�I�J�G	K�L�I�M�I�N�O�P�Q�R�J�S�I�T U�V
W�XZY�[�\�]_^	\�`�a�bAc=\�d

• egf�h�ikjml�n�hpo�hrq�q�sDt�uvswsDt�uvq�egtxhyikjxzre�q|{xegf�h�ikjml�n�hy}ge�~kfZf�sD}gsDik�xe�t�uvs�e�sDi�e��
� X=^	\6X�^	\�`�a�bAc=\ � \�]	]	�����'��X=Y�]	��^	�����'��a�� � a�^��'\Z������\�]���a���\ � a�^��'\ZW�X)Y�[�\�]�^	\�`�a�bAc=\
W�\�����Y�\�^	[��'��]	[�\��,X)^	\�`�a�bAc=\ � \�]	]	�����'��^	��]'�Z[���^	��]	[�W�X)��\6`�a���X=]�W�X)^	\�`�a�bAc=\6��a���X=Y�]	�;�
^	������X=]�������\�]�W�[�����]	^	[�W�X=W���X���`�X,��\�a6^	���'X,�DX�^	\�`�a�bAc=\���`�[��'�_��a��_ �\�] � \���^��'[��'a�¡�W�X�Y���`�\
�¢X=[�\�]���£�����]	\¢W��)��`����������'\�^¤[���a�X=[�^�¥�¦�a���Y�]	[���W�\|X=^	^	[��§\|\�¨��	�©�'[���\|W����¢X=���'��]�X
W�[�����]	^	[�W�X=W��������']	��X=^�^	\�`�a�b�ªD��^�W�\�����Y�\�^	[��'��]	[�\�¥

«�¬�«�¬® ¯�°�±_²´³¶µ¤·�¸¹³¶º�»,±¼µ¤³¾½¿³¶²´±.º¤³´À�Á.±

Â \¤Y�]	\ � ��W�[��������'\�W������ � \����;Ã�c=\�X=Y�]	��^	������X=W�\���X¤Ä"[���a�]'X U ¥�Å V ��[���[ � [�X=`��������'�"��^ � \�`�Æ��;�
^	�.W��. �\�]	�¢X_X=`��AX��'��]	[�X�a��¢X�^	\�`�a�bAc=\

Selite ∈ Repositorio
¥ Â X=^¶`�[���Æ�X=^mÇ���È,��^'c=\�W��©É���[�W�X=^

X�^	\�`�a�bAc=\Ê[���[ � [�X=` Si

���ËX�^	\�`�a�bAc=\���a�[�X
Sg

�.W��ËX � \�]	W�\ � \��ÌX���^��']'X��'Í���[�X�a,�'[�`�[�ÎAX=W�XË��\
X=`���\�]	[��'��\�¥ Â X=^�`�[���Æ�X=^�^	����a�[����'��^�[���[ � [�X=`�[�ÎAX���^	� S∗ � \��ÏXË����`�Æ�\�]�^	\�`�a�bAc=\Ë�

Φ∗ � \��Ð\
� a�^��'\�]	��`�X��'[���\6Ñ6����`�Æ�\�]�^	\�`�a�bAc=\�¥

Â X�`�[���Æ�X�Ò,��X� �a���bAc=\
CalculaDiferencaSimetrica()

����]'X¤\ � \����	a����'\ ∆(Si, Sg)
W�X

^	����a�[����'�� �\�]	�¢X,¥¤¦�\���^	[�W���]	� � X=W�X¢^	\�`�a�bAc=\ S = {C1, C2, ..., Ck}
 �\�]	�¢X=W�X�Y�\�]

|K|
X��']	[Ó�

¨�a,�'\�^�� � X=W�X�a��ÔX=^	^	\ � [�X=W�\¢X�a��¢X6W����¢X=��W�X k
¥�¦�X=W�X¢X��']	[�¨�a,�'\

Ck = {c1
k, c

2
k, ..., c

r(k)
k }

�
ÍZ\ � \����	a����'\ËW�\�^ � X=��[���Æ�\�^¤a�^'X=W�\�^�Y�X=]'X|]	\=�'�AX=]�X � X=]	��X lk

W�X|W����¢X=��W�X
k
¥Z¦�\���^	[�W��;�

]'X=W�X=^�X|^	\�`�a�bAc=\Õ[���[ � [�X=` Si = {C1, C2, ..., Ck}
�6X|^	\�`�a�bAc=\Õ��a�[�X

Sg = {C1, C2, ..., Ck}
�

a��ÖX��']	[�¨�a,�'\
Ck ∈ Si

Í � \���^	[�W���]'X=W�\|[���a�X=`"X|a��×X��']	[�¨�a,�'\
Ck ∈ Sg

��^	�=�¶�)^	\��������'�Z^	�=�
�'\DW�\�^�\�^ � X=��[���Æ�\�^ ch

k ∈ Ck

a�^'X=W�\�^.Y�X=]'X�]	\=�'�AX=]�X�W����¢X=��W�X
k
��^'c=\�[���a�X=[�^�X=\�^ � X=��[���Æ�\�^

ch
k ∈ Ck

¥�Ø�� � X=��[���Æ�\ ch
k ∈ Ck

Í � \���^	[�W���]'X=W�\Ë[���a�X=`"X=\ � X=��[���Æ�\ ch
k ∈ Ck

��^	�6X=�)¨�\�^
]	\=�'��[�X=�ÙXZ����^	�¢X� �]'X=bAc=\ZW�X � X=]	��X lk

W�XZW����¢X=��W�X
k
��a�^'X=��W�\�X=^�����^	�¢X=^_X=]	��^���X=^�Y�X=]'X

 �\�]	�¢X=]"^	a�X¤�']'Xv�	�©�'��]	[�X¤\�]	[������Z��W���^��'[���\�¥xÚ¤Y�X=]	�����'���������'�=��Y�\DW��;��^	�_^	a�Y�\�]���a���X=^�^	\�`�a�b�ªD��^
[���[ � [�X=`m�Z��a�[�X��'��]'c=\ËY�\�a � \�^�\�aÊ������Æ�a��ÏX��']	[�¨�a,�'\�^�[���a�X=[�^��´W��©�D[�W�\ÛX=\Õ��]'X=��W��Z��£�����]	\�^
W��Ë�=X=]	[��A����[�^Z��a�� � \���Y�ªD���Üa��ÝX��']	[�¨�a,�'\���Y�\�]	Í��Ü[�^	^	\���c=\Þ^	� � \���Y�]	\v��\�aß��\�^6�'��^��'��^
]	�AX=`�[�ÎAX=W�\�^��"\���W��|���Ï��Í�W�[�X

50%
W�\�^ZX��']	[�¨�a,�'\�^���]'X=�à[���a�X=[�^�¥�á � \����	a����'\ ∆(Si, Sg)

�
]	��Y�]	��^	������XÕX6W�[� ���]	����bAX�^	[���Í©�']	[ � XZ�����']	�)X=^¤W�a�X=^�^	\�`�a�b�ªD��^���\�aÛ^	���'X,� � \����'Í��§\ � \����	a����'\
W�����\v�D[��������'\�^

mk

��� � ��^	^'�=]	[�\�^_Y�X=]'X��']'X=��^� �\�]	�¢X=]�X�^	\�`�a�bAc=\)[���[ � [�X=` Si

��X)^	\�`�a�bAc=\)��a�[�X



âDãEâ)ä�å�æ�ç�è�å	é�ê�ç�ë�ç�ì�í�î�ï�ð�è�ñ�ç�ò ó�ô

Sg õ�ö�÷Ô÷�øvùDú�÷�û�ü�ý'ø mk þ	ú�ÿ�ü�ú�������������	=ø�
�ûZþ����þ�ý'ú�ý���ú���ø���ý��	ú����,ý'ø Ck ∈ Si ��û���ø���ý��	ú��
���,ý'ø Ck ∈ Sg ��ü��)þ	ø�������	=øZú�ü�ú���ú����®õ��¤û�þ	þ�����ø��	÷ �!�!���#"�þ_þ	û$������ú������.ý'ø%
�ø�þ_ø�þ�÷�øvùDú�÷�û�ü�ý'ø�þ
mk ∈ ∆(Si, Sg) ü��Zþ	ø�������	=ø6ú�ü�ú���ú����&��û�þ�ý'�6þ	û�ý����=ü�þ(��ø��	÷ �Zü��Zþ	ø�������	=ø6ÿ���ú��,õ
) ü�*+���=ü�ý'ø��Zþ	ø�������	=øZú�ü�ú���ú����,��ø��-
�ú���û��	û�ü�ý'û$
��Zþ	ø�������	=ø6ÿ���ú��!�,ø.������øZû�ü�ý��	û/�=þ0��ú�ü�1��=þ02

û ô43 þ	û���5�û76,û����,ý'��
�ø�õ98:�$��ú�ü�1��$;!� m∗

k �	û���û���û¤ø�÷�øvùDú�÷�û�ü�ý'ø mk ∈ ∆(Si, Sg) *+��û:�	û�þ����ý'�
ü��)÷�û���1�ø���þ	ø�������	=ø<��ø�ü�þ�ý����=�
�����ý����Aù�>�þ-
���������ú�������	=ø?
�øZ÷�øvùDú�÷�û�ü�ý'ø mk ü��)þ	ø�������	=ø Si õ
8:����ú�ü�1��¢þ	û�ÿ���ú�ü�ý'û����Õþ	ø�������	=øËú�ü�ú���ú����@>A��ý�������ú�B���
���������ú����=ü�
�øC��þ	û)øÕ÷�øvùDú�÷�û�ü�ý'ø m∗

k �¶ø��
þ	ûED��!��ø���ý��	ú����,ý'ø Ck ∈ Si >�þ����þ�ý'ú�ý���=�
�ø���ü���þ	ø�������	=ø¢ú�ü�ú���ú����&�!��û���ø���ý��	ú����,ý'ø Ck ∈ Sg õ:F
��ø�ü4D��ü�ý'ø ∆(Si, Sg) >A��ý�������ú�B���
�ø|ü�����ú�ü�1�� ôHG õ�I¼÷�û���1�ø���þ	ø�������	=ø�
�ø����	ø%��û�
�ú�÷�û�ü�ý'ø�>
��ý�������ú�B���
���ü��=þ-��ú�ü�1��=þ ô4J û ôHK õLFM���	ø%��û�
�ú�÷�û�ü�ý'ø��	û©ý'ø��	ü����Z÷�û���1�ø���þ	ø�������	=ø.��ø�ü�þ�ý����=�
��
ü�øA���=÷�ú�ü�1�øZû�ü�ý��	û/�Zþ	ø�������	=ø6ú�ü�ú���ú����´û�ÿ���ú��,õ



N%OPN<QSR�T�U4V#RW�XYU$Z[U4\/]_^C`Aa�V�b#U4c d+e

f�g4hji�k%l�monpk%q#rHhtsvuLw-xzy:u[{S|vx<}v~Su-}:w��z����y:�Sx$��� S, Repositorio �7��
Selite ← SelecionaSolucaoElite(Repositorio) �e
Si ← DefineSolucaoInicial(S, Selite) ��
Sg ← DefineSolucaoGuia(S, Selite) �d
S∗ ← SelecionaMelhorSolucao(S, Selite) ��
Φ∗ ← Φ(S∗) ��
∆(Si, Sg)← CalculaDiferencaSimetrica(Si, Sg) �� k%q����@��q#rHh Si 6= Sg � ������

m∗

k ← SelecionaMelhorMov(∆(Si, Sg)) ��
Si ← AtualizaSolucao(Si, Sg, m

∗

k) ��H�
∆(Si, Sg)← ∆(Si, Sg)\{m

∗

k} ���� � k Φ(Si) < Φ∗ k%q#rH��h
� e

Φ∗ ← Φ(Si) ��H�
S∗ ← Si �� d � n�� � k ��4� � n���k%q����@��q#rHh ��H� g4kYrHh,gCq@��g�� S∗ � �� n¡ 
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Å ÆÈÇ ÀÂÁ#¿�ºÊÉËÃ Ç ¹ÌÃÎÍ »¾ÀÏ¿�ºÊÐÒÑ�ÃÎÓÂºÊÑ Ç

ÔvÕ�Ö(×�ÕÙØ�Ú�Û�Ü�×�Ý�Þ�ßàÖ�á�ßâÚ�Û�ãÕ�ÖÕ�äY×'Ú�å�ß�Ö�ß�Ö ãÕ�ÖÝ�Þ�×'Ú�å�ß�ÖAØ�ß�æAÛ�Ý!×'Ú�Ø�ç�ß�ä�Ú�ç�Ö�ß�è!×�ç�å�ß�Ö ÚC×�ã�Ú�é�ê�Ö
å�ÚtÝ!×�ç�Þ�ç�ë�Ú�ì�á�ß�å�Útí�Õ�Ý�ãÜ�Ö(×�ç�Ø�ÚÙî$ï0ðzñ!òóä�Ú�ãÕ�Öß�Þ�Ý�ì�á�ßÙå�ßtÛ�ãß�è�Þ�Õ�æ Ú�å�Õ ãß�×�Õ�Ú�æAÕ�äY×�ßtØ�ß�æ
ä+ô�æAÕ�ãß�Þ�ç�æAç�×'Ú�å�ß�å�Õ�Ø�Ú�æAç�ä�í�ß�Ö�õ9Ú�ÖÖç�æöØ�ß�æAß�ß�Ö�ãÕ�ÖÝ�Þ�×'Ú�å�ß�Ö�ß�è!×�ç�å�ß�Ö�ÚC×�ã�Ú�é�ê�Ö.å�Ú�Ý!×�ç�Þ�ç�÷
ë�Ú�ì�á�ß å�ß Û�ãß%Ø�Õ�å�ç�æAÕ�äY×�ß�î$ï0ðzñ!òøÚ�ÖÖß%Ø�ç�Ú�å�ßAØ�ß�æùå�ç�úûÕ�ãÕ�äY×�Õ�Ö:æAêü×�ß%å�ß�Ö0å�Õ?ãÕ�Ø�ß�ä�Õ7ý�á�ß�å�Õ
Ø�Ú�æAç�ä�í�ß�Ö_å�Õ�ÖÕ�äYé�ß�Þ�é%ç�å�ß�Ö�þ[ÿLÚ�Þ�Õ-ãÕ�ÖÖ�Ú�Þ�×'Ú�ã�õ��+Ý�Õ0Û#ß�ã_ÖÕ0×�ã�ÚC×'Ú�ã[å�Õ0Ý�æÎÛ�ãß�è�Þ�Õ�æ ÚSä�ßHé�ß�õ%ä�á�ß
úûß�ã�Ú�æóÕ�ä�Ø�ß�äY×�ã�Ú�å�ß�Ö¤ä�Ú0Þ�ç�×�Õ�ã�ÚC×�Ý�ã�Ú-å�Ú�å�ß�Ö��+Ý�ÕLä�ß�Ö�Û#Õ�ãæAç�×�ç�ÖÖÕ�æóãÕ�Ú�Þ�ç�ë�Ú�ãjÝ�æ Ú0Ø�ß�æAÛ�Ú�ã�Ú�ì�á�ß
Ø�ß�æ ß�Ö0ãÕ�ÖÝ�Þ�×'Ú�å�ß�Ö-ß�è!×�ç�å�ß�Ö-ä�Õ�Ö(×�Õ$×�ã�Ú�è�Ú�Þ�í�ß�þ

� Ö�×�Õ�Ö(×�Õ�Ötå�ç�é%ç�å�ç�ã�Ú�æ�÷EÖÕÙÕ�æ ×�ã���ÖtØ�ß�ä��Ý�äY×�ß�Ö�þ Ôvß Û�ãç�æAÕ�ç�ãßÒØ�ß�ä��Ý�äY×�ß�õzå�Õ	��ä�Õ�æ�÷EÖÕ
ß�ÖAæAêü×�ß%å�ß�Ö�Õ�ß�Ö.Û�Ú�ã�
�æAÕü×�ãß�Ö.Ý�Ö�Ú�å�ß�ÖAä�Ú�ç�æAÛ�Þ�Õ�æAÕ�äY×'Ú�ì�á�ß�å�ßàÛ�ãß%Ø�Õ�å�ç�æAÕ�äY×�ßâî$ï0ðzñ!ò�õ
å�Õ	��ä�ç�å�ß�ÖvÚ�ÖÕ��Ý�ç�ã�

• � êü×�ß%å�ß�Ö0Û�Ú�ã�Ú�å�Õ	��ä�ç�ì�á�ß.å�ß�×'Ú�æ Ú�ä�í�ß�Õzå�Ú�ß�ãå�Õ�ä�Ú�ì�á�ßAå�Ú��@ï��øÝ!×�ç�Þ�ç�ë�Ú�å�Ú?ä�Ú<úoÚ�ÖÕå�Õ$Ø�ß�ä�Ö(×�ãÝ�ì�á�ß�þ

• � êü×�ß%å�ß�Ö0å�Õ$è�Ý�ÖØ�ÚAÞ�ß%Ø�Ú�Þ&þ

•
� Û�Ú�ã�
�æAÕü×�ãß

β
õ��+Ý�Õzå�Õü×�Õ�ãæAç�ä�Ú/ß?×'Ú�æ Ú�ä�í�ß?å�Ú?Þ�ç�Ö(×'Ú/å�Õ:Ø�Ú�æAç�ä�í�ß�Ö�Ø�Ú�ä�å�ç�å�ÚC×�ß�ÖLä�Ú

úoÚ�ÖÕ$å�Õ$è�Ý�ÖØ�Ú.Þ�ß%Ø�Ú�Þ&þ

Ôvß0ÖÕ��Ý�ä�å�ß0Ø�ß�ä��Ý�äY×�ß0å�Õ_×�Õ�Ö(×�Õ�Ö@ê_ãÕ�Ú�Þ�ç�ë�Ú�å�ß Ý�æ Õ�Ö(×�Ý�å�ßvå�ß-Ø�ß�æAÛ#ß�ã(×'Ú�æAÕ�äY×�ß å�ßvÚ�Þ���ß�ãç�×�æAß
Õ�æ úûÝ�ä�ì�á�ßAå�Ú<é�Ú�ãç�Ú�ì�á�ß�å�Õ/Ú�Þ���Ý�ä�Ö-Û�Ú�ã�
�æAÕü×�ãß�Ö�

���
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• :<;=?>�@3A3BCA3B�D�E3FG;H�BGFCI�JLK�FGBMA3;-NPOQFGK�D3R3B9=S@L>�K�T�K�UPOQA3B R V
• :W;=?>�@3A3B�A3BYXZOQH�[QFG;	>�H�B δ \9]�@3;SA3;	^ZD3;SB9=_X*;=�B9=2A3B�O$>�H�OQ=�BY;`A3BYNB9D3a9;=?>�K�B9DZOQFG;D�>�B3\
DZObNB9FMc3K�DZOQdPeQB�T�K�D3;POQH φij = (1− δ) . φa

ij + δ . φc
ij V

f O�>�;H�N;K�H�O-cZO$>�;H�KgO�A3;�>�;=?>�;=\LH�;POQT�K�UPOQH�OQFbh+=�;`>�;=?>�;=iNB9FGXZOQH�O$>�K�j9B9=k;D�>�H�;lBMm-npo�qLrs=�;F
H�;NB9D3;tJ3eQBCA3;-NPOQFGK�D3R3B9=S;-]�@ZO$>�H�B�jQOQH�KgOQD�>�;=�A3BCm-npo�qLruNB9FvH�;NB9D3;tJ3eQBGA3;-NPOQFGK�D3R3B9=V

w�xy z|{~}"�	�p�b�����`�0{����������`�	�0�"�-�

:�OQFMc3K�;D�>�;YNB9FGX3@L>(OQNK�B9DZOQT�@L>�K�T�K�UPOQA3B0XZOQH�ObOM;tJL;N@3dPeQBCA3;=?>�;=�>�;=?>�;=\ZA3K�j�K�A3;th+=�;�;F
A3B9K�=2NB9D���@3D�>�B9=�A3;�FCIQ]�@3K�DZOQ=V2:�X3H�K�FG;K�H�B3\$��NB9FGX*B9=?>�B�X*B9H2FCIQ]�@3K�DZOQ=2A3B�>�K�X*B��	ob�$\9]�@3;
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U W2X Y�Z�[V\
β ] Y�^ W2_`Z ]Ea�b X _ c2X _`Z ] Y�^ W2_`Z ]Ea�b X _ c2X _`Z\ed f�\ f�g`geh f`f�ied j`\ k9l9knm oAp9pAq r2s tVu`veh [Vuef`d wV\ x�sAynm z9y9ynm x�s9s%q p2l{x�s9s%m k9r2s%m pesAlnq |Ap f�u}[�h i}wVueh tVi}[�d u`\\ed t`[ xer9rnm xel9rnq sAl tV\`ieh \`\`ged j`u t`[`t�h i`u`\ed v`\ f�u`ieh w�f�geh i`v}[�d tV\ f�u`ueh u}wVjeh [`[Vved i`i x�sAznm y9lApAm p2kApAq xel\ed [V\ f�g`geh g`g`\ed tV\ tV\`ieh u`ief`d j`\ k2sArnm |9o9lnq |9l f�u`ieh j}wVgeh \}tVied i`\ f�u`ueh [Vu`ieh j`g`jed f`f f�u}[�h u}[�f`h i}[V\ed u`\\ed w`[ f�g`geh j`v`ved f�\ tV\}[�h t`[Vged \`v tVv`ueh fLtVjed wV\ f�u`ieh [Vg`geh gef�ied [V\ f�u`ueh [`[�f`h wV\}t�d v}t f�u}[�h w`tVgeh wV\}w�d tV\f`d \`\ f�g`geh wVu`ued v`\ tV\}w�h j`g`\ed fLt t`[Vieh f�uef`d wV\ f�u`ieh j`j}w�h \`v}[�d g`\ f�u`ueh [Vu}w�h u`u}w�d v}t f�u}[�h u}wV\eh t�f�ved \`\~ Z�t`[V\ ~ Z�[V\`\
β ] Y�^ W2_`Z ]Ea�b X _ c2X _`Z ] Y�^ W2_`Z ]Ea�b X _ c2X _`Z\ed f�\ t�f`f`h u}w`[�d i`\ knxeznm xel9rnq |9| t`tV\eh [Vu`ued u`\ yAp2knm r9z9ynq p2l y9r9znm z9k9knq l2s y9|9ynm k2sAonq k9l\ed t`[ knxelnm k9l9rnq p2l t�fL[�h u}wVued u`u knxe|nm r9l9lnq k9l i}w`[�h u}wVued \`\ i`g`jeh v`i`ved g`v i`v`geh [`[Vjed v`\\ed [V\ t�f`f`h v`g`ved u`\ t�fL[�h v}tVied fLw t`tV\eh j}[Vied i`\ i}wVjeh \}[`w�d f�\ i`g`geh \efLt�d i`u i`v}[�h fL[`w�d v`\\ed w`[ t�fLt�h \`g`ued [V\ t�f�jeh wVi}[�d g`v t`t�f`h j`g`ved u`\ i`g`\eh \`g`ved g`\ i`g`veh i}w�f`d tVv u`\`\eh \}[Vjed \`\f`d \`\ t�f�ieh \}wV\ed \`\ t�fLw�h j`j}t�d \ef t`t`t�h t�f`f`d wV\ i`gef`h \ef�ved tV\ i`v`\eh v`i`\ed g}w i`v`geh u}w`w�d tV\~ Z�w`[V\ ���tV\e�#u`\
β ] Y�^ W2_`Z ]Ea�b X _ c2X _`Z ] Y�^ W2_`Z ]Ea�b X _ c2X _`Z\ed f�\ o9k9onm k9l9onq y9l o2s%x9m |9o9lnq x�s o9o9lnm l9z9onq r9l ynm o9oApAm z9l9ynq y9l ynm r9y2s%m l9z9rnq o9r ueh wVu}w�h u}[`w�d i`\\ed t`[ j}tVgeh f�u`\ed tV\ j`u`ieh g`j`ved j`v j`j}t�h u`i`ied g`\ ieh j}wV\eh t�f�ied \`\ ieh g`j`ueh wVv}w�d \}t s%m o2sAlnm |Ap9pAq o9l\ed [V\ j}t`w�h wV\`jed j`\ j`u}[�h g`g`ued v}w j`j`veh v`g}t�d tV\ ieh j}w�f`h g}tVied j`\ ieh g`j`\eh j`\ef`d j`\ [�h \`v`geh t�f�jed j`\\ed w`[ j`i`ueh fLw�f`d g`\ j`u`veh g`g`jed [Vi j`j`geh [Vi}t�d \`\ ieh j`j`geh j`i`ved f�\ ieh g`j`jeh fLw�f`d tVi ueh gefLw�h tVj`ged g`\f`d \`\ j`i`ieh u`g`\ed v`\ j}[`t�h i`g`ved \`u j}w�f`h i`j`ved j`\ ieh j}w�f`h fLw`t�d \`\ ieh vef�\eh f�i`ved uef ueh g`j}w�h g`v`ved [V\
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β ] Y�^ W2_`Z ]Ea�b X _ c2X _`Z ] Y�^ W2_`Z ]Ea�b X _ c2X _`Z\ed f�\ f�veh i}w`[�h i`vef`d v`\ xe|nm |nxelnm xel9knq o9y t�f`h j}[Vieh g`j`ged j`\ y9lnm |9y9|nm z2s%x9q p2l y9knm r9knx9m o9k2s%q xer y2s%m |Ap2|nm rApAx9q k9l\ed t`[ f�veh i`i`ieh \`i`ued i`\ f�veh v`i}w�h [V\}w�d v`i t�f`h \efL[�h tVv`jed g`\ ief`h tVu`geh v}[`w�d f�\ i}t�h v`g`geh g`j`\ed wVj i}[�h i`u`ueh f�v`ied \`\\ed [V\ f�veh i`jef`h vefLw�d v`\ f�veh v}t`t�h [Vu`jed \`v k9lnm o9r9onm xelApAq z9l ief`h i`jef`h wVg`ved j`\ i`ieh fL[Vgeh fLt`[�d i`g i}[�h t`[Vgeh f�j`ued \`\\ed w`[ xe|nm ynx2pAm sAl9knq k9l f�veh v}wVueh t`[Vued uef t�f`h tVi`ieh [�fL[�d tV\ ief`h [V\`ieh w`[`w�d g`\ i`ieh i`j`jeh j`u`\ed [Vg i}[�h t�fLw�h gef�ved \`\f`d \`\ f�veh i`u`ieh g`j}t�d i`\ tV\eh \`g`jeh v`j`ged \`i t�f`h tVj}[�h fLt�f`d j`\ ief`h wVv`ueh t`tVjed \`\ i`ieh [`t`t�h fLtVjed i`\ i}[�h fL[Vjeh w�fLt�d g`\
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PRQTS�U�V�W N�X Y W!Z�V6[]\6[]^B_HWa`�\FV6[]\6U�bc_HW!d�`�\ed�[]\f_�[D_�[]\f_�[!gh`�^�d�[Di$W!dTW<Zj`�^B_�`<dTW<\6[]k-l�m]^�i]noW
”custo”
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q9W!n�`�V6[]\ek-U�[ ��g�`}W!U�q []^B_�`ai]`�^�\6n�d�[]V��$|�[]b�d�`<_�[]q Zj`
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� U�_�V�W�i]`�q ZTW!V�W!x$�!`}d�n��9V6[]\6Zj[]nc_�`wW!`�^-��q []V6`td�[�i$W!q n�^���`�\~W>_�nc|�`�\ X � ��\6[]Vf|!WKz�\6[�^TW
QTS�U�V�W N�Xc� v�g!k-U�[�`e^-��q []V6`�d�[�i$W!q n�^���`�\�W>_�nc|�`�\ Π g�`�UD\6[���W�gB`�^-��q []V6`�_�`!_HW!b�d�[�i$W!q n�^���`�\
U�_�n�b�n��$W!d�`�\&ZTW!V�W V6`!_�[$W!V _�`�dTW!\�W!\�d�[]q9W!^�dTW!\9s�d�n�V6[*_HW!q []^B_�[}Z�V6`�Zj`�V6i]n�`�^TW!b�W!` ^-��q []V6`
q9�K��n�q `�d�[&i$W!q n�^���`�\

R X9¡ `�^�\6n�d�[]V�W!^�d�`>z�\6[&k-U�[ s&d�[]\6[����$|�[]b�`aU�\6`�d�`aq []^�`�Ve^-��q []V6`
d�[Fi$W!q n�^���`�\�Zj`�\6\6¢c|�[]bhZTW!V�WD\6[FV6`!_�[$W!V�U�q�i]`�^K�6U�^B_�` d�[Fd�[]q9W!^�dTW!\1£ ¤K¥¦g�|�[]V6ncQTi$WKz�\6[Fk-U�[~W
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^TWaÃÄU�^�x$�!`}`���z

�6[*_�nc|�`
φij = (1 − δ) . φa

ij + δ . φc
ij
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V6[]Z�V6[]\6[]^B_HW�W�i]`�q Zj`�^�[]^B_�[Dd�[&W>_�V�W!\6`
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δ
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d�[
δ
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P§q9�K��n�q9W U�_�n�b�n��$W!x$�!`
Ω = max(i,j){uij}, ∀(i, j) ∈ A

g�`�Ut\6[���W�ghW�q9W!n�`�V	U�_�n�b�n��$W!x$�!`
uij[]^�i]`�^B_�V�W!dTW�[]^B_�V6[�_�`�dTW!\eW!\eW!V6[]\f_HW!\

(i, j) ∈ A X � ��\6[]Vf|!WKz�\6[�k-U�[Dk-UTW!^B_�`<q9W!n�\	Z�V6�$��n�q `
d�[�vr[]\f_H�r`

δ
g�` i]U�\f_�`p\6[}V6[]d�U��}[�Wrq9�K��n�q9WtU�_�n�b�n��$W!x$�!`wW!U�q []^B_HW�g�Zj`�V `�U�_�V6` boW!d�`�g
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K L I#MONEP+QRP+S�T%P�U�VXWYU�Z�[]\�QR^�_�`[!Q�U�a�WYUbPcZ�d%e�Tfd%`^�Q�U�Z;Whg�i;j%kFjFlHmonqpsrstqu�p-vxwzys{|n
} u�t'~|u��b�sp-vxwzys�����s�stqu	�-wz���#vx{�nqu��zp-vxwzu�ysn'u }H� {|wz����vx{|���=l0�0���l�k��stqu�rs�z{|�bnbpsnqwzys�
� jFl;�-���>�E�z���C�x�C�9� �>¡�¡�¢£�¤�x¥O¦¨§��!©ª�C«b§��¬�¤��6®�¯�¯�° L�±�±�± °ª²�³	´�µ�µ�¶-�

K L ²#MONEP+QRP+S�T%P�U�VXW2·�W2¸6WYU�P¹NE[!º»P+[!e»^AU¼¸6W2¸6W � tq{|{|�-½=tx��ys�su��bwz¾|{|�,���ª���-vxw�¿�{Ànq{	��tq~�
�stqu~|{|�spstq{|n|�ÂÁ9yÄÃE§�Å�¥�Æ)Ç�Ç�È¨Ç?É'¦Ê�C�Ë§R©ª�CÌ�)�z�C�¬�¤��C°�g>� � �zu�¿�{|t6��ys� � �%Í0u~�s{|y�r�{|tq��{|t|°
Î��sn|�+Í;�zp � {|tFl�~	���s{|�bwz~E��psrs�zwznq�s{|tqn|° L�±�±�L ° L µ�²�´ L#Ï ²-�

K ¶ ± MONEP+QRP+S�T%P�UFVXWF·�WF¸6WYU�PÐNE[!º»P+[!e»^AUH¸6W�¸6W=l � jFl;�-� � w�vx���ª�#vx��9tq{|�zwzysÑ�wzys� } u�t
�stqw�¿��#vx{ ¿wzt�vxpª���f~|wztq~|psw�vFtqu�p-vxwzys�s�¼ÒÀ�C�¬Ó>Ç#�xÈ��C°fµ�° L�±�± ¶-°»µ ±�Ï ´�µ�µ Ï �

K ¶-µ|MONEP+QRP+S�T%P�UÀVXWE·�WE¸6WYU;PÔNE[!º»P+[!e»^AU6¸6W;¸6W � jFl;�-�Õ��ys�Ä�ª�#vx��9tq{|�zwzysÑ�wzys�sÖ=jF{)�
~|{|y�v6���-¿���ys~|{|n×��ys�����s�s�zwz~	�#vxwzu�ysn|�'Á9y¹¦Ê�C�Ë§R©ª�CÌ�)�z�C�¬�¤��	Ø'Ù>�xÇxÚ��x����§R�OÛF�x§�¢�Ù>�xÇ�Æ|¢z�C«
Ü Ç#¢£Ý��C�x��° L�±�± ³°sk;�ªÁ9rª��tx��Ñ�w¤°ªÍO�+m0u�ysu�r�{�°ª��ys�,�Ê�-Þ>����wzpstx�-°sÎ��sn|��° L ²À´�J�¶-�

K ¶ L MONEP+QRP+S�T%P�U×VXWE·�WE¸6WYUÀPàßáP+e�S�P+â�ãAUÀN'W;ä W�l � jFl;�-� � w�vx�Ä�ª�#vx��9tq{|�zwzysÑ�wzys�
} u�t×vx�s{���9�b{|�sw]��yå�stqu�rs�z{|�=�ÊjF{|�]�#vxæ�tqwzu=vxç|~|yswz~|us°2Á9y�vx{|tqys{Cv���ys�èm0{Cv � u�tqÑè��½n�vx{|�bn
jF{|nq{	��tq~��é>{|y�vx{|t|°�l�kFê;kÄë���rsn2jF{|nq{	��tq~�f°g%�zu�tq�ª���ì�%��tqÑ+°mHí-° L�±�±�L �skFîF��³�Î¼³�¶#�;ë��

K ¶�¶#MON ^�QRQRPª\�[9U�ï	Wb¸6WOVXWñð0{|pstqòzn�vxwz~	��n��ª��tx�óuÄ�stqu�rs�z{|���ó�s{�nqòzy�vx{|nq{å�s{�tq{|�s{|nÂ� L �
~	���bwzys�su�n|�×ô�����=¥����6Ç#Ì�9Ç#�q§�¥�Ç#�XÙ6õ¼ö�÷¤Û�ø#ùú÷×ÙFÇ#Åª�¬� É)û¤�C�¬§üõ�Åª�!Ý��C�x�C�¬¥�§�¥��¨ö2§��9ý#¢£�¤�x§
¥�Ç6ÛF�¤Ç�¥��Eþs§�Å»�C�!�xÇ-° L�±�± ¶-�

K ¶ Ï M'ÿ���d���e»^�ã���[9U�ä WYU�PåV�ds\�_�`�d>U���W�ß�W¼k��s{E���R�-wz�6ps� ~|u�ys~|pstqtq{|y�v��ªu � �stqu�rs�z{|�=�
þªÇ#Ì�)Å�§�¢�Ç?ÉE�!©ª��ö¼Ç#« ¡�Ì�¬�!ÅÚO¦¨§��©�!Å»�C�	��
�»°fµ�²�² ± °ª¶-µ�I�´-¶�¶ Ï �

K ¶�³RM'ÿ�e�[��d%Q�\d��d>U%ÿ�WYU�����e�d��Hd%`�U�·�WYU�VåP+T���[9U���WYU�P¹Z�[!^�e»^AU2VXWHî {Cvx{|tq�bwzyswzys�b�zwzysÑ
� {|wz����v�n�½n�vx{|�bn�psys�s{|t=¿���tqwzu�psn�u�r��q{|~Cvxw�¿�{|n } u�t=u�nq� } ys{Cv � u�tqÑ�n,psnqwzys�ó�]����tx��ys��w]��y
tq{|�]�R�s�#vxwzu�y�9rª��nq{|�¹���s�stqu���~�f�åÁ9yXø��������C÷	ôs�q§�Å-�	§��C�¬�¤Ç#Å-�=Ç#ÅèÒÀ�C�¬Ó>Ç#�xÈÊ§�Å�¥ Ü �C�)Ý��¤��
¦¨§�Å�§�Ú��C«��CÅª�)°ªm0u�¿�{|�6rstqus° L�±�± ³°-¿�u��¤� L �

K ¶�J#M�����^%\�\d%S¼UFVXWYU Vå[!e�e»^�ã�S�[9U���W ÿ�WYU! #"�_�S�d%`[!^���`_¼U%$bWYU0PàZ�d�_�`�UHÿ�WÂl�nqwz�O�
�s�z{×��u���½ysu��bw]����vxwz�b{ } tx���b{ � u�tqÑ } u�tHtq{|�sps~|{|�¨�ª�#vx�¨�s{|~|u��b��u�nqw�vxwzu�y�wzy,�6ps��vxw �9�ª�#vx�
tqu�p-vxwzys�s��Á9y,øxÒ�&�ù;ö�ù¼¦ ° L�±�±�Ï �

K ¶�'RMÀßód�(�)Hd%S¼U�*×W�VXW;jFu�p-vxwzys�bu } �6ps��vxwz��u�wzy�vF~|u�ysys{|~Cvxwzu�ysn|�Hø������ þ,+ Ü �C¢z��C�9�x¥'� �x�x§R�
�!Å¹ö¼Ç#«O«OÌÅª�¤�x§��¬�¤Ç#Å-�.-�°fµ�²�²�I-°fµ�J-µ/'	´�µ�J L�L �
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I J GLKNM�OQP�R�SAT=UWV:XZY[X \.]�^`_�]badcfe:gihkjmlknporq�gisutvn�w�q�gijmw,gCq8x=hkjmyzq�hk{�hk|�hkl~}���hL�
� gi|������mh~��q8x@o~jmg��	� �%gi|poLq��kjmn�h�q��isiw,n�sih,��e:gihkjmlknpo��8w,��q�n�q���q�gvh~����gisut,w,hk|�hkl~}k�
x�x�x�� sis~� l�oLq�gisutb� g � �Q�/�`o~s��~��|�|�giwb����gilk�,j�o��Ll~q��8n�q����Ll~q��8n�q��<� quo~ji� lk�~� �¡k¡k¢��

I J ¡LKNM�OQP�R�SAT=U�V:XAY[X�U�£!T�¤�¥�OQS§¦�UA¨©X�ª�X�UAO¬«!�T,¦A¦§TA®A�T�S�¯iOQO�UA°�X²±�h�x³q�hN��h � gi|bo~w
n�w�q�gijmw,gCq8x=hkjmyQ���8w<_�´�´�´f_	µ·¶·¸�¹u¸Lº<��»�o~w½¼j�o~w,sin��msih,�¾=¿.�ÀÁo~jmsutÂ �¡k¡k¢���Ãkhk|Ä�,Å§���>�������
Æ ¡~Ç/È�¢kÉ�Å§�


