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∀rj ∈ R, ∧ai ∈ A, ∃ f(ri, ai) =

{

ai; ssi la utilidad esperada semaximiza

0 en otro caso
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max n -
y q l 3 q7g%s � o0� � *PhCg ��j i%g%h j���� � l i � g%h5q7g ����u �&� � l �!oChCpS�!g&q l o0� � � h 2 $#h �3l i ���M� $#vD� � i-� ��?

A - 9 $#vD� � i-�E* � o�9Oq7v#g � y � g%g-�7*#q m  #g%hCs � gM. �-�32 $ l *#qE #g ��j h5q n -
H - 9 $#vD� � i-� T l#2 o ��� � m �
K,@&.�D&K,[PD�D&? D&?��7D
� n -
Q - 9 $#vD� � i-� <Mo � sR� l �NqNi-�!s8v#h51 l/j q l q j h5*+�  <q7g � _ @#.�D
K�[PD�� �&?/D&T��ZO,K�D
� m �&KN@#.�D
K�[PD

DH?/D .#D>��D
� n -

9 � * � v � i �3l+� gE #g ���&�3l i �>L $ � j �7*+� $ l � * � o0� �'� $#vD� � i-� � � L $#"  #g&q7 #$ ��� i-� � B7� l �
j q l+� h5* � g-�!g o5q � *#q � i%hC <q � * � g �  #$ ��� i-� � L $ �  #g&q7 q7g j h5q l � l o5q � M\T�
LD7YZO,T�[ L $ �E� q l
m �&��j�j h54 l F - F - H - Q n ?

A - b O�� T�D&QLMPO,T^[P�
K K,@ BrO,KNM\}2�
K �

H - � ��[P�7���
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0 od #g&q j���� qR* � �7*
1 $+*Ph j � j h54 l �3l o0� �M� $#vD� � i-� � * � o�� 2:�3l i � ART IS
�&� * �)K+l hCg-,

* � o0� � h 2 $#h �3l i � 3 q7g%sR� -
�������������������

_ O�D.T��

Lin−agents
�WO,?EBr�&To�,@8T^[P� Br�&T![P�7���&K MUT^V]D7YZO�T^[hD�B [�M\}2�
K ^"}7M/YZO,T^[�ONKoO,THO,?ZKNMUK,[�O,Q6D

O�T�@ET [�M O,Q"R � 0 < t < t
f
Sa
-

T
offer
max

��[�MPO,Q"R �HQ 
 �&MUQ6�|�ZONK�[�MUT�DZ��� R�D&SXD Y8O,T O,S�D&S @ET�D|�! 7O,S,[PD �

P ��B#�&To�,@ET^[P� �ZO [P�7�ZD
K ?/D
K �! 7O,S�[PD
K S#O�B�M�.,M��ZD
K�R �.S _O��_ �8ONK��ZO ?4�
K�R D&S�[�M�B�M R D&T�[�ONK �

pt
i ∈ P �%?4D R�S��NR�@WONK,[PD��8O,?�M\TWV]D7Y8O,T^[ i ∈ Lin−agents

D&? _O��_ O,T O,? [�MPO,Q"R � t �

� ? _O��_ K7O,?�O�B#B�M �&T�D&S 
'?/D6Q!O�� �&S �! 7O,S�[PD�O,T ?4D!?U?/D&Q6D���D k �ZO ?4D!KNM/Y&@EM O�T^[�O
 ��&S,Q6D��

BOt
k = max{pi ∈ P}; con 0 < t < T offer

max

����� ����� � ����� �	% ������" �  � ����� $ � �/������� ! ��� ��� � ��� �  �  $# "$�  �� �
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< l i ��� * � j q l i%h l $D�!g j q l o0� �d�)(  q � h j h54 l * �bj �7*+�M$ l � * � o0� �d� $#vD� � i-� ��u!�&�  #g&q j�� 6
* � g-, � �)(  #oCh j �!g � o  #g&q7i&q j q7o5q 2:�3l+� g-�!o<$#i%hCoChCpS�7*#q  D�!g-�ko0� �^� $#vD� � i-� �7-E09� i&q �^�&� vD� � � l
�3l o5q �  #g&q7i&q j q7o5q �  #g&q7 #$ ��� i&q �  <q7g � T J < �����@Q@H m � T J < n � � T J < �����@QPA m � T J < n -y q7stq �-� s �3l+j h5q l 4 �3l o0� �&��j�j h54 l � l i � g%h5q7g u o0� � � $#vD� � i-� �8j q7sEh �3l pS� l j $D� l *#q
� o _O��_ �3l BO"0�/$ l �  #g%hCs � g-� �&��] �!o	h l 3 q7g%sR� l *#q � o j q7sEh �3l p�q * � o0� �Vl+�32 q j h0� j h5q l+���

��(
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Informa comienzo
de negociación

envia CFP

(Sa,t , t , T , Offer )
s f offer t

Sa max kSa

Not-Understood Genera una Oferta No Participa

Acepta propuesta Rechaza propuesta

Acciones de
negociación

Fin negociación

deadline para
propuestasno hay mas

propuestas

� h 2 $#g-�6G - G ? I h0� 2 g-�!sR� 2:�3l+� g-�!o=$#i%hCoChCpS�7*#q �3l o0� �Y� $#vD� � i-� �
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envia CFP-1 (Sa,t ,t ,t )
s f offer

Sa maxSa

informa comienzo de subasta

no entiende (CFP-n)

no lo interesa participar

genera la propuesta en t
offer

acepta  propuesta

SLS in-agent

x

x

x

x
no hay

interesados

envía nueva propuesta

fin de la subasta

max

rechaza  propuesta
x

envía nueva CFP-n

fin de la subasta

x

acciones del acuerdo alcanzado

fin de la subasta

� h 2 $#g-�!G - w ? J g&q7i&q j q7o5q 2:�3l+� g-�!o $#i%hCoChCpS�7*#q �3l o0� �Y� $#vD� � i-� �

�W�
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m � h 2 $#g-� G - G . � h 2 $#g-� G - w n - ; $ �32 q �3l BO"0� � o5q � M\TWV]D7Y8O,T^[WR D&S�[�M�B�M R D&T�[�ONKY$ l � oCo0�!sR�7*+��  #g&q7 #$ ��� i-� � m )hD&?U?�� �&S�+ S��NR �
K7ONK V )���+ n h l *Ph j � l *#q ? Sa, tsSa, t
f
Sa, T

offer
max

-
y q7stqEg ���  #$ ��� i-�t� ��� i-� )���+ o5q � M\T�
LD7YZO�T^[  <qO*Pg-, l ?
� q �3l i �3l * � gMo0�'oCo0�!sR�7*+� m T���[�V�@ET��ZO,SNK,[PD&T � n -
� q ��� i-�!gYh l i � g ��� �7*#q �3l  D�!g%i%h j hC D�!g -
� �3l+� g-�!gY. �3l B h0�!g $ l �' #g&q7 #$ ��� i-� -

0	l�� o^i%h � sE <q * ��� i%h l �7*#q  D�!g-� 2:�3l+� g-�!g'q
3 � g%i-� � m T offer
max n u o5q � MUT^V]D7YZO�T^[\K * � v � g-, l

g ���  q l * � gR�!o _O��_ -�09� i � g ��j hCv � i&qO*+� � o0� �  #g&q7 #$ ��� i-� � $ q
3 � g%i-� �L5+��j#5 � �  q7gEo5q �
M\T�
LD7YZO,T^[�R�D&S,[�M B�M R D&T^[�O,K u .t* ��j h5* �V� h<o0� � � j��  #i-� qkg ��j#5 �!pS� j q l+� h5* � g-� l *#q  D�!g-� � oCo5q
o0� j �!oCh5*+�7* L $ � q
3 g � p j � l j q l o0� � q7oC$ j h54 l L $ � l+��j���� hCi-� u o0�  #g%h5q7g%h5*+�7*�* � o � 2:�3l i �
L $ � o0�/q
3 g ��j�� . o0�/hCsE q7g%i-� l+j h0� * � o0� � q7oC$ j h54 l�- 9 hdo0� � � j��  #i-� u � o _���_ . 13o9q/o5q �
M\TWV]D7Y8O,T^[\K 2 � l �7*#q7g ���  #g&q j�� * �3l j q l o0� � 2:��� i%h5q l+���  D�!g-� j q7s �3l pS�!gYo0� � 1 ��j $ j h54 l * �
o0� m � n � q7oC$ j h54 l q � q7oC$ j h5q l+��� * � o5q ��2 � l �7*#q7g ���7- I � o5q j q l i%g-�!g%h5q u:� hOo0� � g ��j#5 �!pS� u&5 � j��$ l �>oCo0�!sR�7*+� � l $ � B@� �  #g&q7 #$ ��� i-� � m )���+ n h l *Ph j � l *#q ud�3l � o j � � q * � o0� � $#vD� � i-�h l#2 o ��� � u o0� s � 1 q7gEq
3 � g%i-� g ��j hCv#h5*+� 5 � � i-� � obstq7s �3l i&q u BOt

k
u . �3l � o j � � q * � o0�

� $#vD� � i-�E�!o � sR� l � � $ � h 2 $#h �3l i � q
3 � g%i-�'qE #g&q7 #$ ��� i-� -
;F� � � $#vD� � i-� �  #$ � * �3l i � g%sEh l �!g  q7g $ l �E* � o0� �Y� h 2 $#h �3l i ���M� hCi%$D� j h5q l+���S?
9 �H5 � �!o j � l pS�7*#q � obi%h � sE q * ��� i%h l �7*#q  q7g � o �&� g%BOh5*#q7g'* � oChCv � g-�!i%hCB:q m 4 _	n D�!g-�Eo0� � l+�32 q j h0� j h5q l+��� m Tneg n -
� q 5 ��. sR� �  #g&q7 #$ ��� i-� � * ��� * � o5q � MUTWVXD7YZO,T�[\K  D�!g%i%h j hC D� l i ���7-
� q L $ � *+�|KN?/D�B23!�&MUKPR �.TWM�.�?/O8 D�!g-� � $#vD� � i-�!g -
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z q *+� � o0� �N� $#vD� � i-� �N�&� hCsE #o � s �3l i-�!g-, l �3l � o �&� g%BOh5*#q7gN* � oChCv � g-�!i%hCB:q m 4 _	n * � o
AA m B � g K+2 $#g-�6G - F n -
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in-agent 1

in-agent 2

in-agent 3

parte  refleja

parte f nali parte opc onali {parte n ciali i

parte  del berat vai i{ t empoi
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cal dad

ofrec da
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0 oV #g&q j���� q j q7sEh �3l pS� j $D� l *#q � o �&� g%BOh5*#q7g g �21D� 1%q �3l BO"0� $ l s �3l+� �21 � �!o 4 _h l *Ph j , l *#q7o �EL $ � �)( h � i � i%h � sE q  D�!g-� � 1 ��j $#i-�!gV D�!g%i ��� q7 j h5q l �!o ��� * � o5q � M\TWV]D7Y8O,T^[
� j i%hCB:q � �3l ���-� h l+� i-� l i �.-

0 od�!o 2 q7g%hCi%stq A s8$ ��� i%g-� � o j 4O*Ph 2 qE D�!g-� h l+�&� g%i-�!gYo0� �M� $#vD� � i-� �Y�3l o0�t�!g L $#hCi ��j 6
i%$#g-�E* � oF� 2:�3l i � ART IS

-
y q7stq �-�  #$ � * � �! #g ��j h0�!g uGj $D� l *#q � o �&� g%BOh5*#q7g9* � oChCv � g-�!i%hCB:q m 4 _9n �&� � j i%hCB@� j q l� oOs �3l+� �21 � �3l BOh0�7*#q  <q7g � o �-� g%B h5*#q7gdg �21D� 1 q L $ � 5 ��.8i%h � sE qM* � )$+-,  D�!g-� � 1 ��j $#i-�!g

o0� �  D�!g%i ��� q7 j h5q l �!o ��� * � o5q � MUTWVXD7YZO,T�[9� j i%hCB:q � m ?RQ\T O�D 
 n uG� o sR� l+� 1%�7*#q7g^* � � B �3l i&q �
� �
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m�� � n 2:�3l+� g-�t$ l �t� 2:�3l *+� j q l o0�'oCh � i-�E* � � L $ � oCo5q � MUTWVXD7YZO,T�[\K L $ � ��� i&1 l B h 2:�3l i ���
m ?RQUT O#D�� n u+��� * ��j hCg u � L $ � oCo5q �YL $ �@?

� $ �ZO�D�� ?AM\T ONK l q ��� i&1 l B �3l+j h5*#q � -
L $ �N�&� 5 ��.G� l i � g%sEh l �7*#qR* �8� 1 ��j $#i-�!g j q7g%g ��j i-�!s �3l i �k�3l o0�R� l i � g%h5q7g � j i%hCB@� 6
j h54 l * � o 4 _ -
L $ � o0� �  D�!g%i ��� K+l �!o ��� * � o5q � M\TWVXD7YZO,T^[\Kk� j i%hCB:q �Yl q 5 ��.G�'i � g%sEh l �7*#q -

< L $ � oCo5q � M\TWVXD7YZO,T^[ L $ �@u oC$ �32 q * �k��� i-�t #g%hCs � g-� �&� o ��j�j h54 l u � h 2 � l �3l o0�toCh � i-� j $#s'6
 #oChCg-, l j q l/��� i-�!g ��DZB [�MU}
�
K ^L}7M/YZO,T^[�O,K �M D� � �!g-, l � 3 q7g%sR�!gr D�!g%i � h l i �32 g-�!o * � o0� oCh � i-�
.t q *Pg-, l  D�!g%i%h j hC D�!gY* � o0� � $#vD� � i-� -80r� i-�koCh � i-� ��� � j�j�� *Ph5*+�  q7g � o< #o0� l h KDj �7*#q7gY* �
�&�32 $ l *#q l hCB � o m`_O��_9n^m ? Q\T O�D�� n . �3l BO"0�N$ l  #g%hCs � grs �3l+� �21 � ��BOh � � l *#q � o j q7sEh �3l p�q* � o0� �N� $#vD� � i-� � � o5q � h l i �32 g-� l i ��� * � o0� sEh � sR� u �&�32 $#h5*#q * � $ l s �3l+� �21 �'j q l h l 6
3 q7g%sR� j h54 l  D�!g-� L $ � o5q � M\TWVXD7YZO,T^[\KY D�!g%i%h j hC D� l i ���^�3l BO" �3l � $ � q
3 � g%i-� ��u  #g&q7 #$ ��� i-� � q
g ���  #$ ��� i-� � � ��� i-� oCo0�!sR�7*+� m ? Q\T O�D�� ^�� n - I ���  #$+1 ��u sEh �3l i%g-� �9l q �&�^j $#sE #o0� �!o 2 $ l �* � o0� � j q l *Ph j h5q l+��� * � i&13g%sEh l q * �E� $#vD� � i-� � s �3l+j h5q l �7*+� �k�3l � o	 #$ l i&q � l i � g%h5q7g u
oCo � B@�E� j �!v<q'o0� � $#vD� � i-� �3l � " m ?RQUTkO�D
K�� `
	�`�� ^�
 n -� h l �!oCs �3l i �@u $ l �NB � p i � g%sEh l �7*#q � o5q �  #g&q j���� q � * � � $#vD� � i-� ��u:� o _O��_  #g&q j�� * � �� 1 ��j $#i-�!g � L $ � oCo5q � M\TWVXD7YZO,T^[\K L $ �VL $ � q
3 � g%i-�!g&q l sR, �  <q7g � $ � 1 ��j $ j h54 l m ?RQUT O#D 

� n -

< j q l i%h l $D� j h54 l * � i-�!oCo0�!g � stq � j q l sR� �  #g ��j h � h54 l o0� hCsE #o � s �3l i-� j h54 l * �Nj �7*+�
$ l �E* � o0� �Y� $#vD� � i-� �Y�3l o0�E�!g L $#hCi ��j i%$#g-�Eh l i � g l �t* � o=� 2:�3l i � ART IS

-
< l i ��� * �Vj q l i%h l $D�!g j q l o0�8hCsE #o � s �3l i-� j h54 l �3l � " * � o0� �^� $#vD� � i-� ��uOj �!v � s �3l 6

j h5q l �!g L $ �"5+� stq � stq *Ph KDj �7*#qt�!o 2 $ l � � g �32 o0� � * � o0� � � $#vD� � i-� � *+�7*+� � o0� � j �!g-� j i � 6
g%" � i%h j � �Y���  ��j h0�!o ��� * � oF� 2:�3l i � ART IS

j q7stq ?
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informa comienzo de subasta

no entiende (CFP)

no lo interesa participar

rechaza propuesta

SLS in-agent

x

x

x

n1

n1

m

l n

pp

1

acepta propuesta

envia CFP (Sa,t ,t ,T )
s f offer

Sa maxSa

envía propuesta en T
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SLS generates
CFP-n

SLS sends to active
:

- QE

- Sa

in-agents

Sa

The in-agents evaluate
they participation of this
auction and
generate its offers.

do it existing
offers?

T > 0 ?neg

SLS selects
the best offers

SLS generate new
CFP-(n+1)

Auctions Start

no

yes

yes

no

SLS sends

to participating
in-agents

QESa

SLS update
the valueQESa

FSA - Ends

FSA - Ends

SLS assigns the Sa
to winner in-agents
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A - y q7stq �3l ��� i � i%hC q * � � $#vD� � i-� �t� oYB �3l * � *#q7gRoCo0�!sR� � q
3 � g%i-� � $ l � �#l h j �
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oChCpS�!g � o � o0� j76 *Ph �  <q l hCv#o �@u � o _O��_ �7*
1 $+*Ph j � � o � o0� j 6 *Ph �  q l hCv#o � � o0� s � 1%q7g
q
3 � g%i-� g ��j hCv#h5*+� - 9 h � q7v#g-� �-�/� o0� j 6 u � � h 2@l � � o g ��� i-� l i � � o0� �-�32 $ l *+� s � 1%q7g
q
3 � g%i-� g ��j hCv#h5*+� - < � " � $ j���� hCB@�!s �3l i �L5 � � i-� L $ �'� o � o0� j76 *Ph �  q l hCv#o � �&� 5 ��.G�
� � h 2@l �7*#qE <q7g j q7sE #o � i&qtq l q 5 ��.G� l sR� � q
3 � g%i-� �7-

;F�'hCsE #o � s �3l i-� j h54 l * �8��� i-� � $#vD� � i-� �&� sk$ ��� i%g-� �3l o0� � h 2 $#g-�!G - x -
;F� � 3 $ l+j h5q l+��� .  D�!g-,!s � i%g&q �NL $ � �! D�!g ��j��3l �3l � o�*Ph0� 2 g-�!sR�/.G� �&�8�)(  #oCh j �!g&q l

�3l o0� �&��j�j h54 l � l i � g%h5q7g m  #g&q7i&q j q7o5qE D�!g-�'o0� � $#vD� � i-�'* � o � q7v#g �Nj�� g%g-�7*#q n -
�����	����� ! ��� ��� � ���  "���� � �

0	l ��� i � i%hC qt* � 9 $#vD� � i-� ��uD� o }&O,T��ZO��Z�&S m`_O��_	n �!v#g � o0� � $#vD� � i-� j q l $ l �E #g&q!6 #$ ��� i-�tsE" l hCsR� m R�S#O�B�M �'S#ONK O,S,}2D��Z� j �! #"Ci%$#o5q Q - A n . � q7v#g �8��� i-�' #g&q7 #$ ��� i-�to5q � R D&S,V
[�M B�M R�D&T^[�ONK m M\TWVXD7YZO,T^[\K n � 3 ��j i%$D�!g-, l � $ � q
3 � g%i-� �7-W09� i-� � $#vD� � i-�'i � g%sEh l � j $D� l *#q l q�)( h � i-� l sR, � q
3 � g%i-� � 4 v#h �3l j $D� l *#q � o i%h � sE q * ��� i%h l �7*#q � o0� � $#vD� � i-� m Tneg n�&� � 2 q7i �@u q l q L $ � * � i%h � sE q * �/� o0� j 6 *Ph �  <q l hCv#o �  D�!g-� � $#vD� � i-�!g -%09� i � i%hC q * �
� $#vD� � i-� �-�Nj q l q j�� i-�!skv#h51 l j q7stq �&KN@#.�D
K�[PD'D&?%D&?��7D
� -

���	�
� �
����� � ����� � � ��� � �
����� � ������� � ���
	 � ��
���
 � ��� � ��� 

� � " ��
 � ��� �����
� � � "������

0 o  #g&q7i&q j q7o5q'$#i%hCoChCpS�7*#qE D�!g-�ko0� � $#vD� � i-�kh l#2 o ��� � �&� s8$ ��� i%g-� �3l o0� � h 2 $#g-� � � 

�
. ��� i-, vD� � �7*#q �3l � o  #g&q7i&q j q7o5qE #g&q7 #$ ��� i&qt <q7g � T J < �3l � T J < �����@QPA m � T J < n -

0 o J o0� l h KDj �7*#q7gE* � 9 �32 $ l *#q � hCB � o m`_���_	n �3l BO"0� $ l �>K O���D&? �8O'B#�&QLM O�T �7� * �
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informa comienzo de subasta

no entiende (CFP)

no lo interesa participar

rechaza propuesta

acepta propuesta

SLS in-agent

x

x

x

n1

n1

m

l n

pp

1

nenvia CFP (Sa,t ,t , T )
s f offer
Sa maxSa

genera la propuesta en T
offer

max

envía nueva CFP (Sa, t ,t , T , )
s f offer

BOSa maxSa

x

fin de la subasta

envía nueva CFP (Sa, t ,t , T , )
s f offer

BOSa maxSa
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Sa
? *P$#g-� j h54 l * � o ���  D� j h5qR� � $#vD� � i-�!g -

tsSa
? h l+� i-� l i � * � i%h � sE <q �3l L $ �Nj q7s �3l pS�!g-,R*Ph j#5 q ���  D� j h5q -

t
f
Sa
? h l+� i-� l i � * � i%h � sE <q �3l L $ � i � g%sEh l �!g-,R*Ph j#5 q ���  D� j h5q -

T
offer
max

? i%h � sE q'oC"CsEhCi �  D�!g-� 2:�3l+� g-�!g q
3 � g%i-� �7-
Bt

k
?!�3l o0�Y #g%hCs � g-� oCo0�!sR�7*+� ��� o0� q
3 � g%i-�MsE" l hCsR� j q l L $ �^�&� �!v#g � o0� � $#vD� � i-� -
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3 � g%i-� g ��j hCv#h5*+� 5 � � i-�� oFstq7s �3l i&q [ -
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? y �!oCh5*+�7* sE" l hCsR� L $ � ���  � g-�'g ��j hCv#hCg � o _O��_ �3l o0� � g ���  #$ ��� i-� � * �o5q � MUTWVXD7YZO,T�[\K  D�!g%i%h j hC D� l i ���7-

; q �  D�!g%i%h j hC D� l i ��� �!o g ��j hCv#hCg o0�koCo0�!sR�7*+� u  #$ � * �3l q7 #i-�!g  q7g $ l � * � o0� � � h 2 $#h �3l i ���
� j�j h5q l+����?
A -JT l *Ph j �!g L $ �Nl q �3l i%h �3l * � o0�' #g&q7 #$ ��� i-� u  <q7gYo5q'i-� l i&qt.G� l q j q l i%h l � �R D�!g%i%h 6

j hC D� l *#q * �N��� i-�'oCo0�!sR�7*+� -
H -JT l *Ph j �!g L $ �Vl qEo � h l i � g ��� �E D�!g%i%h j hC D�!g �3l ��� i-� oCo0�!sR�7*+�R� � $#vD� � i-� -
Q -�� � j�� g/$ l � q
3 � g%i-� m j q l i%g-� 6 q
3 � g%i-� n  <q7g � o i%h � sE <q L $ � �&� ��� i-, � $#vD� � i-�7*#q

m � o0� j 6 *Ph �  q l hCv#o � n -
;F�t� j�j h54 l L $ � i&q7s � � o MUTWVXD7YZO,T�[kR D&S�[�M B�M R�D&T^[�Ok* �  �3l * � g-,R* �@?

� $ � � �#l l q �&�N� 1 ��j $#i �3l �!o 2 $ l q � qEi&qO*#q � * �N� $ �Yl hCB � o ���7-
mcet ≤ Sa

?<� o	i%h � sE q * �E� 1 ��j $ j h54 l s � *Ph5q m mcet n �&� � s �3l q7g8q h 2 $D�!or�!o� o0� j 6 *Ph �  q l hCv#o � q
3 g ��j h5*#qt <q7g � o _O��_ -
td < t

f
Sa

?b� o h l+� i-� l i � * � B �3l+j hCsEh �3l i&q�* � � $  #g&4 ( hCstq * � �7*PoCh l+�@u td
ur�&� �

s �3l q7g L $ � � o h l+� i-� l i � * � *#q l * � i � g%sEh l � � o ���  D� j h5q � $#vD� � i-�7*#q -
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;F�Eq
3 � g%i-� L $ �N2:�3l+� g-�!g-, � o M\TWV]D YZO,T^[ o0�'q7v#i%h �3l+�8j q l o0� 09j $D� j h54 l m G - Q n -

Off(i) =

[

Q
off
i

QESLS
∗

Lex
i

Levelsi
∗

1

(Di − mceti)
∗ Impi

]

+ Off(i)(t−1) m G - Q n
*#q l * �@?

QESLS
? y �!oCh5*+�7* ���  � g-�7*+�E <q7g � o _���_ �

Q
off
i

? y �!oCh5*+�7* q
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Lex
i
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3 g ��j h5*+� m Qoff

i n
Levelsi

? � � s � g&qEi&q7i-�!oF* �Nl hCB � o ��� L $ � i%h �3l+�8� ohMUTWVXD7YZO,T�[ i

Di
? J g&4 ( hCstq * � �7*PoCh l+� * � o M\TWV]D YZO,T^[ i

mceti
?�z h � sE <qts � *Ph5q L $ �Vl+��j���� hCi-� � ohMUTWVXD7YZO,T�[r D�!g-� � 1 ��j $#i-�!g Lex

i
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Impi
?#T sE q7g%i-� l+j h0�t* � ohM\TWV]D YZO,T^[ i

Off(i)(t−1) ? < l i � g%h5q7g q
3 � g%i-�E* � o M\TWV]D YZO,T^[ i
-

; $ �32 q � o
M\TWV]D YZO,T^[d* � v � g-, j q7sE D�!g-�!gro0�Mq
3 � g%i-� L $ �b2:�3l+� g&4 j q l o0� s � 1%q7g9q
3 � g%i-� L $ �
5 � g ��j hCv#h5*#q � o _���_ 5 � � i-� ��� i � h l+� i-� l i � m BOt

k n - < L $#" �-�  #g&q *P$ j��3l *#q �d� hCi%$D� j h5q l+����?
A -

Off(i) ≥ BOt
k
u o0� q
3 � g%i-� 2:�3l+� g-�7*+�k q7g � o�MUT^V]D7YZO�T^[ ��� sR��.:q7g L $ � o0�Ns � 1%q7g

g ��j hCv#h5*+�t <q7g � o _O��_ u  q7gYo5qEi-� l i&qto0�Eq
3 � g%i-� K+l �!o j q l o0� L $ �  D�!g%i%h j hC D�!g-, � o
M\TWVXD7YZO,T^[ ����? Offert

k = Off(i)
-

H -
Off(i) < BOt

k
u o0� q
3 � g%i-� 2:�3l+� g-�7*+�8 q7g � o�MUTWVXD7YZO,T�[ ��� s �3l q7g L $ � o0�Ns � 1%q7g

g ��j hCv#h5*+�M q7g � o _O��_ - 0	l'��� i � j � � q u!� o�M\TWV]D YZO,T^[ l qM* ���&j �!g%i-�Mh l s � *Ph0�!i-�!s �3l i �� $  D�!g%i%h j hC D� j h54 l � h l q L $ �8� B7�!o � � � $ � hCi%$D� j h54 l  D�!g-�t* ��j h5*PhCg � o j q l i%h l $D�!gNq
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D n ;=� j �!oCh5*+�7* L $ � q
3 g ��j��Nj q l o0� j �!oCh5*+�7* L $ �N���  � g-� � o _O��_ -
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3 � g%i-� K+l �!o �&� g �21D� 1%� �3l

o0� ��j $D� j h54 l m G - F n -

Offert
k = Off(i) + [(BOt
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i − QESLS)] m G - F n

0 o _O��_ g ��j hCv � i&qO*+� � o0� � q
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k
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0 ob #g&q7i&q j q7o5q $#i%hCoChCpS�7*#q  D�!g-� o0� � $#vD� � i-� h l#2 o ��� �> q7g6MUT^V]D7YZO�T^[\K j q l : � 9 * �
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i
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∗ Impi
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+ Off(i)(t−1) m G - G n
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off
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Di
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mceti
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SLS generates
CFP

SLS sends to active
:

- QE

- Sa

in-agents

Sa

The in-agents evaluate
they participation of this
auction and
generate its offers.

do it existing
offers? T > 0 ?neg

SLS selects
the best offers

SLS generate new CFP

Auctions Start

no

yes

yes

no

SLS sends

to participating
in-agents

QESa

SLS update
the valueQESa

EA - Ends

� h 2 $#g-�6G - A@A ? I h0� 2 g-�!sR�E* � 9 $#vD� � i-� T l#2 o ��� � �3l ART IS
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 ��� � � � � � ��� � � � 
 � � ��� �
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 #g&q7 #$ ��� i-� ��u * � o5q j q l i%g-�!g%h5q �&�8j q l+� h5* � g-� j q7stq/$ l 3 � j i&q7g  D�!g-� � odi&13g%sEh l q * � o0�
� $#vD� � i-� -

� l �NB � p L $ �M�&�o5 � l i � g%sEh l �7*#qko0� �rl+�32 q j h0� j h5q l+���SuO� o _O��_  #g&q j�� * � � � 1 ��j $#i-�!go5q � M\TWV]D YZO,T^[\K 2 � l �7*#q7g ���7-
0 o *Ph0� 2 g-�!sR� * � o0� K+2 $#g-�LG - A@A sk$ ��� i%g-�ko0�NhCsE #o � s �3l i-� j h54 l .L3 $ l+j h5q l �!sEh �3l i&q

* �N��� i-� � $#vD� � i-� �3l � oF� 2:�3l i � ART IS
-
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informa comienzo de subasta

no entiende (CFP)

no lo interesa participar

acepta la propuesta en T
offer

acepta  interesado

rechaza interesado

SLS in-agent

x

x

x

n1

n1

m

l n

pp

1

x
no hay

interesados

envía nueva CFP

fin de la subasta

1

n

n

x

envía nueva CFP

fin de la subasta

n

x

envia CFP (Sa,t , t , T )
s f offer

Sa maxSa

max

(Sa,t , t , T )
s f offer

Sa maxSa

(Sa,t , t , T )
s f offer

Sa maxSa
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s �3l+� �21 � �to5q � MUTWVXD7YZO,T�[ B h 2:�3l i ��� . � j i%hCB:q �  #g&q7 <q l h51 l *#q7o ��� $ l � q
3 � g%i-�t D�!g-� L $ �
�&�E� 1 ��j $#i �3l �3l ��� i � i%h � sE <q * �R� o0� j 6k- J �!g-� ��� i&q u � o _O��_ * � v � g-, �8O,T�B#�.T^[�SXD.S � � oB@�!o5q7g * �t� $ q
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-
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g ��j hCv#hCg � o _O��_ �3l o0� � h 2 $#h �3l i � oCo0�!sR�7*+� -
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-
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SLS calculate
SLSWeight

SLS sends to active
in-agents:
- SLSWeight
- Sa

In-agents eveluate the
SLS propose with its:
- believes
- behaviours
- time restrictions
- features

’
there are
interested
in-agent?

Sa > 0

and
T >0 ?

’

neg

SLS update
available slack
Sa =Sa-Sa’ in-agent

SLS generate new
SLSWeight for Sa´<Sa

DA - Ends

no

yes

yes

no

SLS assign slack to
winner in-agent
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u  D�!g-� o5q � *Ph � i%h l i&q � MUT^V]D7YZO�T^[\K j $#.G� � 3 $ l+j h5q l+��� * � * �3l+� h5*+�7* * �

 #g&q7vD�!v#hCoCh5*+�7* � q l * ���&j q l q j h5*+� � -

P (µ̂i − kσ̂i ≤ Ci ≤ µ̂i + kσ̂i) ≥ 1 −
1

k2
m w - Q n

< * � sR, ��u � h j q l+� h5* � g-�!stq � k ∈ <, k ≥ 1 s � *Ph5*+� � � q l K+l hCi-� ��u o5q � B7�!o5q7g ��� * �
Ci
��� i-�!g-, l �3l � o h l i � g%B7�!o5q * �Nj��3l i%g&q µ̂i

./g-�7*Ph5q σ̂i
-

0 o � h 2 $#h �3l i � i � q7g � sR��sk$ ��� i%g-� L $ �@u � 47o5q j q l�� o �)( i%g � stq * � g ��jr5 q * � ��� i-�
* ��� h 2 $D�!o5*+�7* u �&�  #$ � * �3l q7v#i �3l+� gYo5q � Ci

l+��j���� �!g%h5q �  D�!g-� l $ ��� i%g-� � � hCsk$#o0� j h5q l+���7-

� ����� ��� ���

_ O�D.T @ET�D�}2D.SNM D/.,?�O'D&?�O�D.[P�&S,M�D ` Ci
` B#�&T Q!O��&M D ^ }2D&S,M D&T �7D&Ku� TWM�[PD
K ` µi

^ σ2
i
` � @WO

Q6�7�ZO,?/D O,? [�MPO,Q"R �>�ZO�Br�&Q"R�@E[PDZB�M �.T �ZO|@ET�D [PD&S#O�D>MUT^[�O�? M/YZO,T^[�O ` τi
` M\T�K O,S�[PD>O,T @ET

_�a
b B#�&THR�S��/.�D/.,M\?AM���DZ���ZO
 �D&?\?/�HD��.QsMUKNM�.,?�O α �

_ O�D.T fi(t)
?/D  ,@8T B�M �.T �ZOs�ZO�T�KNM ��D��|�ZO;R�S��/.�D/.,M\?AM���DZ���ZO Ci

^ Ci,α ∈ < [PD.? � @�O �

P (Ci ≤ Ci,α) =

∫ Ci,α

−∞

fi(t)dt = 1 − α m w - F n

� T^[P�.T�BrONK K,M O,Q"R�S#O K O }
O,S,M � B#D&S 
 � @WO

P (Ci ≤ µi + α−1/2σi) ≥ P (Ci ≤ Ci,α) m w - G n
�	��
 �
� � �
��� ��;RS���4>T<���3T�S_;3���t��Q�S_;�T 
 b sRS_4>}�?�������� L `
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, K�D&T��Z�!?/D��ZONK,M4Y.@ D&?/��D�� �ZO a B,C O9.�^.B�C O  _^!?/D
K;R�S��NR�MPO���D��8ONKL�ZO Ci,α
R @�O��8O D
K O�V

Y&@ESXD.SrK7O � @�O `

P (µi + α−1/2σ̂i ≤ Ci ≤ µi + α−1/2σ̂i) ≥ 1 − α m w - w n

P (Ci ≤ Ci,α) =

∫ Ci,α

−∞

fi(t)dt = 1 − α m w -�� n
� K �ZO#B�MUS ` � @WO KNMPO,Q"R�S#OLONK B�MPO,S,[P� � @WO

P (µi + α−1/2σ̂i ≤ Ci ≤ µi + α−1/2σ̂i) ≥ P (Ci ≤ Ci,α) m w - I n
, K�D&T��Z��� � 	 ^ K,@7R �.TWM O�T���� � @WO � � �LONK  D&? K�D ` K7OhR�@�O#�ZO �ZO,QsK,[�S�D&S O,?^[�O��&S#O,Q6D R�S��

S#O��&@�B#B�M �&T D&? D/.,KN@ESX��� � ��K#Q ` K,M � � �'ONK� D&? K�D6K O }
O,S,M � B#D&S 
 � @�O �

P (Ci ≤ µi + α−1/2σi) ≥ P (Ci ≤ Ci,α) m w - x n
, K�D&T��Z� ?/D  ,@8T�B M �&T �ZO �ZO,T�K,M���DZ�!�ZO R�S��/.�D/.,M\?AM���DZ�|�8O Ci

u
fi(t)

` D R D&S�[�MUS �ZO�� � 

K Os�/. [�M O,TkO M\TWQ!O��&M D.[PD&Q!O,T�[�O � @WO

∫ µi+α−1/2σi

−∞

fi(t)dt <

∫ Ci,α

−∞

fi(t)dt m w - A � n
+ @WONK�[P� � @�O ` R �&S K O,S fi(t)

@ET�D  N@ET�B�M �&T>�ZOs�ZO,TWKNM ��D��'�ZOoR�S��/.�D/.�MU?AM��ZD�� ` fi(t) ≥

0∀t ∈ <
` R�D&SXD � @�O K OsB�@EQ"R�?/D � � 

�!?/D  ,@ET�B�M �&T �8O �8O,T�KNM ��D��|�ZO;R�S��/.�D/.�MU?AM��ZD�� fi(t)[P�&Q6D&S 
H}2D&?/�&S�O,K T��HTW@8?/�
K O,T>O,?�M\T^[�O,S,}2D&?/� [µi + α−1/2σi, Ci,α]

` ^|D��ZO,Q�

K

µi + α−1/2σi < Ci,α m w - A@A n
+oO�SX�!KNM�K7O }
O,S,M � BrD � � 
�
 ` D&?%O �NR S�ONK,M �.T � � � ONK O � @EM\}2D&?�O,T^[�O D

P (Ci ≤ µ̂i+α−1/2σ̂i)−P (Ci ≤ µ̂i−α−1/2σ̂i) ≥ P (Ci ≤ µ̂i+α−1/2σ̂i)+P (µ̂i−α−1/2σ̂i ≤ Ci ≤ Ci,α)

m w - A�H n
8 8 �



�^������� �&�]�,�
�&�P� �|$%��� � � � � �&���
��� �

� �,R�S�O,KNM �&T � @�O K,MUQ"R�?AM � B#D���D!S#ONKN@E?A[PDP� T�D&?AQ6O�T^[�O

P (Ci ≤ µ̂i + α−1/2σ̂i) + P (µ̂i + α−1/2σi ≤ Ci ≤ Ci,α) ≤ 0 m w - A�Q n
+ @WONK�[P� � @�O ?/D
K R�SX� .�D/.,M\? M ��D��8ONK T�� R�@WO��ZO,T�K O�S Q!O,T��&S#ONK � @WOLBrO,S�� ` R D&S�D � @WO K7O

}
O,S,M � � @WOs?4D�O �,R�S�O,KNM �&T D&T^[�O,S,M �&S D&Q .��
K KN@EQ D.T����
K �ZO .#O,T)K7O,S BrO,S�� � +oO,S�� R D&S�D � @WO
O,?
K7O Y&@ET����HK7O�D'BrO,S����ZO9.#OLB�@EQ"R�?AMUSNK O � @WO

µi + α−1/2σi = Ci,α Contradiccion! m w - A F n
� � � @WOLB#�&T�[�SXD��.M�BrO�� � 
�
 ` �/.�[�O,T^M���DH[�S�D
K KN@ R �&T O�S � @WO � � �'O,S�D  �D.? K D �

�

; q � * � �7*PoCh l+��� * � j �7*+� MUTWVXD7YZO,T�[ �&� q7v#i �3l *Pg-, l �  D�!g%i%hCgt* � � $ � i%h � sE q � * �
j 47sE #$#i&q � m ��j $D� j h54 l w - A G n -

Di = C̄i + 4 · C̄i m w - A G n
0	l j $D� l i&qk� � $ �  � g%"5qO*#q ��u:�&� q7v#i �3l *Pg-, l * ��� * � o5q � * � �7*PoCh l+����u $#i%hCoChCpS� l *#q  D�!g-�

� q7s � i � g l $ ��� i%g-� � vD�!i � g%"0� � * �  #g%$ � vD� � �Y*Ph43 � g �3l i ����j q l *Ph j h5q l+��� m * � �7*PoCh l+��� h 2 $D�!o ����Vo5q �  � g%"5qO*#q � .'* � �7*PoCh l+��� s �3l q7g ��� qNh 2 $D�!o ��� �No5q �  � g%"5qO*#q � n u:��� i&q �&�Y�)(  #oCh j � j q lsR��.:q7g * � i-�!oCo � �3l o0� � � h 2 $#h �3l i ��� �-��j�j h5q l+���7-

� UXcVU � j _ ]�e�j _&[on q e�� [ � �'a;j aYc=_-eYf
J �!g-� j q7sE D�!g-�!g l $ ��� i%g-� �^� $#vD� � i-� �^j q l o0� � * � sR, � 5+� $#g%" � i%h j � � hCsE #o � s �3l i-�7*+� �

�3lE� o+� 2:�3l i � ART IS
u!l q �	j��3l i%g-�!stq �9�3lE� oPq7v 1 � i%hCB:q K+l �!o#* �bl $ ��� i%g-� �9� $#vD� � i-� �d� o

j $D�!o � g-�kq7v#i �3l+� g^o0�8s � 1 q7g j �!oCh5*+�7*/ <q � hCv#o �M�3l o0� � q7oC$ j h54 l �!o< #g&q7v#o � sR� * � o � 2:�3l i �
ART IS

- J q7g>o5q i-� l i&q l $ ��� i%g&q  #g%h l+j hC D�!oN D�!g-,!s � i%g&q * � j q7sE D�!g-� j h54 l��&� g-, o0�
j �!oCh5*+�7* L $ � q7v#i%h �3l+�3l o5q � M\TWVXD7YZO,T^[\K8�!o stq7s �3l i&qR* � *+�!g � q7oC$ j h54 l � $ l  #g&q7v#o � sR�
���  ��j " KDj qt* � oF� 2:�3l i �.-

;F�k*P$#g-� j h54 l * � l $ ��� i%g-� � s � *Ph j h5q l+��� 3 $ � g&q l!5 � � i-� � o�� ������� �	� � ��
 �
� � uO� o j $D�!o
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���	j �!o j $#o0�7*#q j q7stq � oPsE" l hCstq j q7s �#l s � oCi%hC #o5q * � o j q l 1 $ l i&q * �  � g%"5q *#q � * � i&qO*#q �
o5q � M\TWVXD7YZO,T^[\K * � o=� 2:�3l i � ART IS

- 9 � 5 h j h � g&q l � � "  <q7g L $+1 j $D� l *#qRo5q � M\TWV]D7Y8O,T^[\K
oCo �32 � l65 � � i-� ��� i � oC"CsEhCi �@u o0� g � o0� j h54 lR�3l i%g � � $ � � j i%hCB@� j h5q l+���r�&� g �  #hCi �  #g&qO*P$ j h �3l *#q
o0� � sEh � sR� �9� hCi%$D� j h5q l+����u@��� * ��j hCg u@� $ �	j q7sE q7g%i-�!sEh �3l i&q � g �32 g ��� � l �!o ��� i-�7*#qVh l h j h0�!o
* � o � h � i � sR� -
�����	��
�� 	 ��
  ��%&���� �� �

< l i ��� * �Ej q l i%h l $D�!g j q l o0� � * ���&j g%hC j h54 l * � o0� � s � *Ph5*+� � $#i%hCoChCpS�7*+� �  D�!g-� o0� �
j q7sE D�!g-� j h5q l+��� �3l i%g � o0� ��5+� $#g%" � i%h j � � � j i%$D�!o ��� * � ART IS . l $ ��� i%g-� �N� $#vD� � i-� �Su
 #g&q j�� * � g � stq � �E* �)K+l hCgM�!o 2 $ l q � i&13g%sEh l q � L $ � $#i%hCoChCpS�!g � stq �M�3l � oCo0� �7-�09� i&q �Y� q l ?

N
?#l � s � g&qR* � MUT^V]D7YZO�T^[\K

MRi
?Pl � s � g&qR* � ��� _ j q l st13i&qO*#qt* � g �)K+l �!sEh �3l i&q �V� $ j���� hCB:q �

MMi
?Pl�� s � g&qR* � ��� _ j q l st13i&q *#q � s � oCi%hC #o ���

ACTi
?#l � s � g&qt* � � j i%hCB7� j h5q l+��� * � o MUT^V]D7YZO�T^[

Lm
i
?Pl�� s � g&qR* �Vl hCB � o ��� * � oW��� _ m * � ohMUT^V]D7YZO�T^[ i

ql
m,i

?#j �!oCh5*+�7* q
3 g ��j h5*+�' <q7g � o l hCB � o l * � op��� _ m * � o M\TWV]D7Y8O,T^[ i

qm
max

? j �!oCh5*+�7*tsR, ( hCsR�Nq
3 g ��j h5*+� * � �3l i%g � i&qO*#q � o5q �rl hCB � o ��� * � og��� _ m * � o
i%hC qEst13i&qO*#q � s � oCi%hC #o ���
nem

i
?Pl�� s � g&qR* �Vl hCB � o ��� � 1 ��j $#i-�7*#q � * � oW��� _ m * � ohMUT^V]D7YZO�T^[ i

el
m,i

?Pl � s � g&q * � � 1 ��j $ j h5q l+��� * � o l hCB � o l * � op��� _ m * � ohM\TWVXD7YZO,T^[ i

ef l
m,i

?=l�� s � g&q * � � 1 ��j $ j h5q l+���R� 3 ��j i%hCB@� � * � o l hCB � o l * � oP��� _ m * � o MUT^V
D YZO,T^[ i

- J �!g-� ��� _ j q l st13i&qO*#q � s � oCi%hC #o ���E� q7o5q �&� j q l+� h5* � g-�!g-, � 3 ��j i%hCB@�
� L $ � o L $ �  #g&q7 <q7g j h5q l 4Ro0� s � 1 q7g j �!oCh5*+�7* -
Im
i
? hCsE q7g%i-� l+j h0�t* � op��� _ m * � o MUTWVXD7YZO,T�[ i

-
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; q � j g%hCi � g%h5q �  D�!g-� j �!o j $#o0�!gYo0� � *Ph � i%h l i-� �Yj �!oCh5*+�7* ��� q7v#i �3l h5*+� �Y�3l>j �7*+� $ l qE* � o5q �
i ��� i g � �!oChCpS�7*#q ��u �&� vD� � �!g&q l �3l o0� �  #g&q7 #$ ��� i-� �V�3l m �M� g l � l * � p36 ;F47 � p u H����@Q n u o0� �j $D�!o ���  #g&q j�� * � g � stq � � �)(  #oCh j �!gM� j q l i%h l $D� j h54 l�-
� � ��" �
��� � ��� � � � � ��� � � ����������� 09� i-� j �!oCh5*+�7* �-� q7v#i%h �3l+� j q7stq o0� � $#sR� * �

o0� �	j �!oCh5*+�7* ���  #g&q7 <q7g j h5q l �7*+� �  q7g j �7*+� l hCB � oP* � o
M\TWVXD7YZO,T^[Fs8$#oCi%hC #oCh j �7*+�  <q7g
o0�EhCsE <q7g%i-� l+j h0�E* �8� $ � ��� _ � � � q j h0�7*#q � m ��j $D� j h54 l w - A�w n -J �!g-� MUT^V]D7YZO�T^[\K j q l ��� _ � * � g �)K+l �!sEh �3l i&qV #g&q 2 g ��� hCB:q u!�&�bj q l+� h5* � g-� l i&qO*+� �o0� � hCsE <q7g%i-� l+j h0� � � � q j h0�7*+� � � j �7*+�'$ l qt* � � oCo5q � -
J �!g-�Vo5q � ��� _ � * � st13i&qO*#q � s � oCi%hC #o ���Su:�&�^j q l+� h5* � g-� lt� q7o5q o0� � hCsE q7g%i-� l+j h0� �
* � � L $ � oCo0� � ��� _ �YL $ � 5 � l � h5*#q � 1 ��j $#i-�7*+� �7-

CRA =

N
∑

i=1







MRi
∑

m=1



I i
m ∗

Li

m
∑

l=1

(

ql
m,i ∗ el

m,i

)



+

MMi
∑

m=1



I i
m ∗

Li

m
∑

l=1

(

ql
m,i ∗ ef l

m,i

)









	�

��


��

� � ��" �
��� �)�
��� ��������� 09� i-� j �!oCh5*+�7* �&�^j �!o j $#o0� j q7stq o0� j �!oCh5*+�7*'i&q7i-�!o L $ �^�&�  #$ � 6
* � q7v#i �3l+� g � h�* �'� 1 ��j $#i-� �&�3l i&qO*#q � o5q �Ml hCB � o ��� * � o5q � M\TWV]D7Y8O,T^[\K m 09j $D� j h54 lw - A � n -

CI =
N
∑

i=1







ACTi ∗





MRi
∑

m=1



I i
m ∗

Li

m
∑

l=1

ql
m,i



+

MMi
∑

m=1

(

I i
m ∗ qm

max

)











	�

��
��
�

� � ��" �
��� � ��� � � � � �!� "�������������� ;Fq � B7�!o5q7g ��� q7v#i �3l h5*#q �  D�!g-�Ro0� ) b � l q l q �
�-� g%B hCg-, l j q7stq s � *Ph5*+� � $ l h43 q7g%s ���  D�!g-� i&qO*+� �8l $ ��� i%g-� �  #g%$ � vD� ��u .G� L $ �
�3l �!o 2 $ l � �  #$ � * � *+�!g l q � s � 1%q7g ��� g ��� $#oCi-�7*#q � L $ �R�3l q7i%g-� ��u * �  �3l *Ph �3l *#q
* � o0� � g ��� i%g%h j�j h5q l+��� i � sE q7g-�!o ��� * � o M\TWV]D7Y8O,T^[ .>* � o0�tsR, ( hCsR� j �!oCh5*+�7* L $ �
��� i �  #$ � *+�tq
3 g ��j�� g �3l $ l h l+� i-� l i � *+�7*#q -
< � "+$#i%hCoChCpS�!g � stq � o0� )hD&? M ��D�� b O�D&? b O,?/D.[�MU}
D m ) bobNn u o0� j $D�!o �&�Yj �!o j $#o0� j q7stq$ l j $+q j h �3l i �R�3l i%g � o0� ) b � . o0� ) � m 09j $D� j h54 l w - A I n - 9 h �3l *#q ��� i-� s � *Ph 6*+� sR, � g �  #g ���-�3l i-�!i%hCB@�E* � o5q � g ��� $#oCi-�7*#q �YL $ � q7v#i �3l#2 �!stq �  � g%sEhCi%h51 l *#q l q �
j q7sE D�!g-�!g%o5q � j q l sR��.:q7g K �!v#hCoCh5*+�7* -

8 8 �



��� � � (
� � � �6* � �����
��$�� ���&� �&� *!	��&���,�
ART IS

CRR =
CRA

CI

	�

��
��
�

IN�7*#q L $ � �3l l $ ��� i%g-� � � $#vD� � i-� � o5q �  #g%h l+j hC D�!o ���  D�!g%i%h j hC D� l i ��� � q l o5q � M\TWV
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� 1 ��j $#i-�!g � $ � g ���  ��j i%hCB:q � l hCB � o ����u $#i%hCoChCpS�!g � stq �V��� i-� j �!g-� j i � g%" � i%h j �t D�!g-� j q7sE D�!g-�
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j � l i%h5*+�7* * �El hCB � o ���kL $ �t�-�t� 1 ��j $#i-� l * � ob� 2:�3l i � ART IS

�3l j �7*+�>vD�!i � g%"0� � o0�
L $ � 3 $ �N� q7s � i%h5*#q -
�#��� � ��
 � ��� � � "�� ��� � � ��� ��� � � ���
��� m ��j $D� j h54 l m w - HPA n%n 09� i �  q7g j��3l i-�21 �r��� � o j $+q!6j h �3l i �r�3l i%g � o5q � l hCB � o ���F� 3 ��j i%hCB@�!s �3l i �r� 1 ��j $#i-�7*#q � * � oO� 2:�3l i � ART IS m 09j $D� 6j h54 l w - A�x n . � o i&q7i-�!o=* �Nl hCB � o ��� * � o sEh � stq m 09j $D� j h54 l w - H�� n -
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m 	 $#oCh0, l�� i �!o -Cu H������ n - T l 9 h5I � 3 � j hCoChCi-� � oN*Ph �&��] q � hCsE #o � s �3l i-� j h54 l * � oN� 2:�3l i �
ART IS i%g-�7*P$ j h �3l *#q � orstqO* � o5q * � �!oCi&q l hCB � o q Q6�7�ZO,?/�>�ZOH@8KN@�D&S,M�� h l#2 g ��� �7*#q
 q7g � o *Ph �&��] �7*#q7g u � $ l stq * � o5q * � vD�21 q l hCB � o q>Q6�7�ZO,?/� �8O!KNMUK,[�O,Q6D ud� o j $D�!o ���
�3l i �3l *Ph5*#qR <q7g � o � h � i � sR�'*#q l * � �&�N� 1 ��j $#i-�!g-, K+l �!oCs �3l i �.-

< * � sR, �^T l 9 h5I � q
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2 g-� l j � l i%h5*+�7* * �  #g%$ � vD� �8L $ �E�&� g � �!oChCpS�!g-, l  D�!g-� q7v#i �3l+� g j q l+j oC$ � h5q l+��� � h 2@l h K 6
j �!i%hCB@� �  D�!g-� �&� g oC$ �32 qEg �  #g ���-�3l i-�7*+� � �3l $ l �' #o0�!i-�23 q7g%sR�'g � �!o -

< * � sR, ��u!�3l'� o � hCsk$#o0�7*#q7g	q
3 g ��j h5*#q  q7g T l 9 h5I �@u  q *Pg � stq �d2:�3l+� g-�!g�. j q7sE D�!g-�!g
*Ph43 � g �3l i ���8���-j��3l �!g%h5q ��u  #$+*Ph �3l *#q>oC$ �32 q * � i � g%sEh l �!g j $D�!o ��� * � i&q *+� � o0� � vD�!i � g%"0� �
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J �!g-� 2:�3l+� g-�!g9. � 1 ��j $#i-�!gb� 2:�3l i ��� ART IS
�3lt� o � hCsk$#o0�7*#q7g uG�&� * � v �3l h l#2 g ��� �!g
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3 g ��j h5*+�E <q7g � ohM\TWV]D YZO,T^[ -
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T l h j h0�!oCs �3l i �@u o0� � B7�!g%h0� l i ���8�3l l $ ��� i%g&q � i ��� i � m vD�!i � g%"0� � * �  #g%$ � vD� � n u 3 $ � g&q lq7g%h �3l i-�7*+� � � hCg � oChCsEh l � l *#q'B@�!g%h0�!v#o ��� L $ �Ml q �&� � l/� h 2@l h KDj �!i%hCB7� �  D�!g-�ko0� � j q7sE D� 6
g-� j h5q l+��� �3l i%g � o5q � st13i&qO*#q �7-

I �/��� i-� 3 q7g%sR� u�j q7stq l $ ��� i%g-� �E� $#vD� � i-� � . o0� �  <q7oC"Ci%h j � � .G� hCsE #o � s �3l i-�7*+� �
�3l � oF� 2:�3l i � ART IS

u#�&�V� 1 ��j $#i-� l �3l>� o _ O,S,}7M��Z�&S54sO,? M�.#O,S�D.[�M\}2� ��� i&q'hCsE #oCh j � L $ �� q7o5q8o ��� �23 ��j i-�!g%"0�8*PhCg ��j i-�!s �3l i � o5q �rl hCB � o ��� * � � �!i%$#g-� j h54 l  #g ���-�3l i ���^�3l � o � h � i � sR�
� h l *PhCg ��j i-�!s �3l i � o5q �Yl hCB � o ��� * � j �!g 2 � j g%"Ci%h j � �3l � o sEh � stq -

< � " L $ �^j q7s �3l pS�!g � stq �bj q l  #g%$ � vD� �	2:�3l+� g-�!o ���9L $ � * � i ��j i �3l o0� h l 1 $ �3l+j h0� L $ �
� 1 � g j�� o0� j �!g 2 � j g%"Ci%h j � � q7v#g � l $ ��� i%g-� � � $#vD� � i-� � . 5+� $#g%" � i%h j � � hCsE #o � s �3l i-�7*+� �V�3l
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J �!g-� ��� i&q � 1 ��j $#i-�!stq � o5q �  #g%hCs � g&q �/���&j��3l �!g%h5q � * �  #g%$ � vD� � * � o0� � h 2 $#h �3l i �
3 q7g%sR� ?

0 1 ��j $#i-�!g � �
�  #g%$ � vD� � j q l 
 � MUTWVXD7YZO,T�[\K j $#.:q � * � �7*PoCh l+��� � q l h 2 $D�!o ��� � � $ �
 � g%"5qO*#q � . j q l o0� �Y���  ��j h KDj � j h5q l+��� * � o0� i-�!v#o0� w - A -

0 1 ��j $#i-�!g � �
�  #g%$ � vD� �'j q l 
 � M\TWV]D7Y8O,T^[\K j $#.:q � * � �7*PoCh l+���'� q l s �3l q7g ��� �
� $ �  � g%"5qO*#q �;5 � � i-�E$ l � ��� . j q l o0� �Y���  ��j h KDj � j h5q l+��� * � o0� i-�!v#o0� w - A -

z �!v#o0� w - A ? J �!g-,!s � i%g&q �  D�!g-� � �3l+� g-� j h54 l * � J g%$ � vD� � 9 hCs8$#o0�7*+� �7-
������� �	��
��
���������������������
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# A%$WG
[1, 2, 3, 4]

y 1�;V�64p�";RTg=R�3�";���4>T
#	&  "=�4>�"4>TgS_;��fA'$WG

[1, 2, 3, 4]
y 1�;V�64p�";RTg=R�3�";���4>T

( Q�S_;������31��> Z�f�64>�tA%$WG
[1, 2, 3]

y 1�;V�64p�";RTg=R�3�";���4>T
� 4.�*)Z;o�6;u��4J�,+o%('�)�*$+-,.'�/

[1000 − 1000000]
?aQ�T�4!K L y 1P=����";3� �64>�  Z1-��4!��=����";

- 4$�R�6�Z "1�4W��4J�.+-%('9)B*$+-,.'�/
1 [1000 − 1000000]

?aQ�T�4!K L y 1P=����";3� �64>�  Z1-��4!��=����";
- 4$�R�6�Z "1�4W��4J�.+-%('9)B*$+-,.'�/

2 (70 %, 80 %, 90 %, 100 %)
y 1�;V��4p�";�T0/e���";3��4>T

1 1�243657398;:4<>=@?BAC:4DFE�G*H,IKJ�LC36J�MONOI�L*PQNOR,S436MOL*P�36M�2TLC5VUOHBJ�H
2 1�243657398;:4<>=@?BAC:4DFE�G*H,IKJ�LC36J�MONOI�L*PQWXL*I�H,57L*PQYZS�L0L*M�2!L*5VUOHZJ�H

; q � g ��� $#oCi-�7*#q � q7v#i �3l h5*#q �'�3l ��� i-� �  #g%$ � vD� �'�&� sk$ ��� i%g-� l �3l o0� �82 g-, KDj � � * �
o0� �^K+2 $#g-� � w - A . w - H -
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(D ea d lin es = P erío d o s)

� h 2 $#g-� w - A ? J g%$ � vD� � 9 hCs8$#o0�7*+� � B@�!g%h0� l *#q o0� y �!g 2 � y g%"Ci%h j � u  D�!g-� �ZO�DZ� ? M\T ONK��
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K -
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� h 2 $#g-� w - H ? J g%$ � vD� � 9 hCsk$#o0�7*+� � B@�!g%h0� l *#q o0� y �!g 2 � y g%"Ci%h j � u  D�!g-� �ZO#D�� ?AMUT O,K
≤R�O,S#Q �7���
K -

y q7stq �-�  #$ � * � q7v �&� g%B@�!g * � o0� � 2 g-, KDj � �=�3l o0� � K+2 $#g-� � w - A . w - H u o0� ��5+� $#g%" � i%h j � �
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�&�Ej q7sE q7g%i-� l * � 3 q7g%sR� � hCsEhCo0�!g  D�!g-� o0� � *Ph � i%h l i-� �kj �!g 2 � � q7 j h5q l �!o ��� -�z �!skv#h51 l
�&�  #$ � * � q7v �&� g%B@�!g L $ � i&qO*+� � o0� �!5+� $#g%" � i%h j � � L $ � *Ph � sEh l $#. �3l � $ g �3l *PhCsEh �3l i&q
 #g&q7 q7g j h5q l �!oCs �3l i � �!o=�!$#s �3l i&q * � o0� j �!g 2 � j g%"Ci%h j � -

0	l BOh � i-� * � o5q � g ��� $#oCi-�7*#q � q7v#i �3l h5*#q � �3l ��� i-� �  #g%hCs � g-� �  #g%$ � vD� � * ��j h5*PhCstq �
sR� l i �3l+� gEo0� j �!g 2 � q7 j h5q l �!o K 1&� �3l �����  D�!g-� o0� �'� h 2 $#h �3l i ���E� hCs8$#o0� j h5q l+����u .G�
L $ �rl $ ��� i%g&q � st13i&qO*#q �d��� i-, l g � o0� j h5q l �7*#q � *PhCg ��j i-�!s �3l i �Yj q l o0� j � l i%h5*+�7*E* �^j �!g 2 �
q7 j h5q l �!oFq � �!i%$#g-� j h54 l  #g ���-�3l i � �3l � o � h � i � sR�E*#q l * � �&�N��� i-, l � 1 ��j $#i-� l *#q -

0	l ��� i-�  #g%hCs � g-� � i-�! D� u  #$+*PhCstq � �! #g ��j h0�!gti-�!skv#h51 l u9L $ � o0� 5+� $#g%" � i%h j � L $ �
�3l i%g �32 � o0� �  � q7g ���Rj �!oCh5*+�7* ���/��� o0� 4 O�DZ� ? M\T O ���&T �.[P�&TWM B m 48� n - J q7gRo5q i-� l i&q uL $#h � hCstq �Yj q7sE #g&q7vD�!g j $D�!o � g-� � $ j q7sE <q7g%i-�!sEh �3l i&q j $D� l *#qEo0� � �!i%$#g-� j h54 l * � o � h � 6
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� h 2 $#g-� w - F ? J g%$ � vD� � 9 hCs8$#o0�7*+� � B7�!g%h0� l *#q o0� 9P�!i%$#g-� j h54 l u  D�!g-� �ZO#D�� ?AMUT O,K
≤R�O,S#Q �7���
K -

;F� � 2 g-, KDj � � * � o0� �9K+2 $#g-� � w - Q . w - Fksk$ ��� i%g-� l>L $ �@uOj $D� l *#q o0� � �!i%$#g-� j h54 l * � o
� h � i � sR� �!$#s �3l i-� u o0� 5+� $#g%" � i%h j � 48� j q l i%h l $D� �3l i%g �32 � l *#q'o5q �  � q7g ��� g ��� $#oCi-�7*#q �7-
9 h l � skvD�!g 2 q u o0� � * � sR, �!5+� $#g%" � i%h j � � i%h �3l * �3l � $ l j q7sE <q7g%i-�!sEh �3l i&q $ l h43 q7g%s �@u
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