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ABSTRACTMON!PRQLS$TUP7VWS!P.TYX$VZTUN$P\[]P7^`_!VWX!acbUd$P�e
bUS!TUP7VfP�eKTUbUS$gih7S!d
_!VfX!jkbleKbUS$gmX$_!_!X!VWTon!S!bUTUbUP�eph7S!drqWP7h.TUn!VWP�esqWX$Vp_$P7X!_!tUPuTUX
jkP7P.Tvh7S!dxw.X!jkjkn!S!bUw7h.TUPybUSzacbUVWTon!h7trP7S!acboVWX!S!jkP7S$Tle|{
MOX!d!h7}mTUN!PuQKS!TUP7VfS!P7TOb~e�S!X$TOX!S$tU}�qWX$VstUX$w7h7TUbUS$g�h7S!dmqWX!V
VWP.TUVWbUP7acboS!g TUP.�!Tle h7S$d d!X!w.n!jkP7S!Tle�� acboVWTUn!h7t
w7X$jkjkn!S!bUTUboP�e�X!S�d!bUacP7V�eKP�TUX$_!bUw�e�P7jkP7VfgcPpw.X!S!TUbUS$n!X!n�eKto}
TUX�eKn!_$_!X!VWT�w7X!jkjkn!S!bow7h7TUbUX$S�^!P7To[�P7P7S�_!P7X!_!toP�h7S!d
eKP.VWacP�h�eOjkP7P7TUbUS$g�_!tUh7w.P�e|{���N!h.T�VWX$X!j�e�h.VWP�X$qWTUP7SZn�eKP7d
TUX�e�n!_!_!X!VfT�TUN!ble��cbUS!dkX$q�jkP7P7TUbUS$gYh.S!dkw7X!jkjkn!S$bUw7h7TUboX!S�{
��X$[�P7acP7V��]qWbUtoTUP7VWbUS!gytoh7VWgcP�h7jkX$n!S!Tle�X$qrbUS!qWX!Vfjkh7TUbUX!S
qWVfX!j�TUN!P�eKP�w.N!h7T5VWX!X!j�emb~emS!X!T5h�TUVWboacbUh7tuTUh�eK��h7S!d
jkX!VfP7X!acP7V�^!P.bUS!g�_!VWP�eKP.S!T�bUSkw7N!h.T�VWX!X!j�e�h7T�h.tUt�TUbUjkP�e�ble
n!ToX!_!bUh�h7S!d��!n$bUTUP�bUjk_!X�e|e�bU^!tUP�{
MON!ble�_!h._!P7V�h7d$d!VWP�e|eKP�e�h�qWVWh.jkP7[�X!VW�kqfX!V�h�jkn!toTUbUh7gcP7S$T

-eKn$_!_!X!VWToP7d w7X!jkjkn!S!boTU} w7N!h7T�VWX$X!j�{zMON!P�h7gcP7S!T
qWVfh7jkP7[�X!Vf��eKn!_!_$X!VWTle�n�eKP7V�e�bUS&bUd!P.S!TUbUqW}cboS!g��7VfP7TUVWbUP.acbUS!g��
h7S$d�qWbotUTUP7VWboS!g�qWX$V�TUN!P.j VWP7toP7ach7S!T�h7S!d�bUS!TUP7VfP�eKTUbUS$g
bUS$qWX!VWjkh7TobUX!S�h.S!d�w7X!S!acP.V�eKh7TUboX!S�eu^!}�jkX$S!bUTUX!VfbUS!g�TUN!P
h7w.TUbUacbUTU}�X!q X!S$P�X!V jkX$VWP�w7N$h7T¡VWX$X!j�e|{�¢
eKP7V£e%h7VWP
h7^!tUP
TUX¤w7X$jkjkn!S!bUw7h.TUP¥[]bUTUN¦TUN!P7bUV�h7gcP7S$T§h7S$d�d!P.tUP7gch7TUP
eK_$P7w7bUqWbow¥X$_!P7VWh7TobUX!S�e�X!V¨TUh�eK��e�TUX¤TUN$P¥h.gcP7S!Tl�mP�{ g�{
jkX!S$bUTUX!V%[�N$P7S5w7P7VWTUh.bUS5n�eKP7V£e©P7S!TUP7V%h�VWX$X!j�{+ª�tle�X��+TUN!P
solut

bUX$S�e�n!_!_!X!VfTle]ToN!h7T�h7SRh7gcP7S!T�ble�h7^$tUP�TUX«X$^�eKP7VWacP
TUN$P�h7w7TobUX!S�e�X!q TUN$P�n�eKP7Vsh7S!d�VWP7w7X!jkjkP.S!dIw7N!h.T�VWX!X!j�e
X!VpeK_!P7w7boqWbUw�w7X$S!acP7V�eKh7TobUX!S�e�boS&w7N!h7T�VfX!X!j�e�^!h�e�P7dkX!SkbUTle
n!S$d!P7V�eKToh7S!d!bUS$grX!q�TUN!P5n�e�P7V�{�MON!P5h7gcP7S$T%X!_!P7VWh.TUP�eph7S!d
jkh7�cP�eBd!P7w.bleKbUX!S�e�n!_!X!Svh�S!n!jk^!P7V]X!q�_!VWX$qWbUtUP�eB[�N!bUw7N
h7VfP\n$_!d!h7TUP.d�d$}cS!h7jkbUw7h7totU}§h.S!d§[]N!bUw7N�bUS!d!bow7h7TUP�e�TUN!P
bUS$TUP7VWP�e�TlerX!q«TUN!P�n�eKP7V�{�M¡N$P�h7gcP7S$T�blevh7tleKX¬h.^!tUP�TUX
w7X$jkjkn!S!bUw7h.TUP«[]bUTUN§X$TUN!P7VZh7gcP7S!T~e&bUS�X!VWd$P7V
ToX§jkh7�cP
TUN$PmjkX�eKT�n�eKP7qWn$tpVWP.w7X!jkjkP7S!d$h7TUbUX!S�e�TUX\bUTle]n�eKP.V�{�M¡N!P
qWVfh7jkP7[�X!Vf�\boS!w7tUn!d!P�eYh7S­X!acP7VWh.tUtBh7VWw7N$bUTUP7w7Ton!VWPrX!q�TUN!P
bUS$acX!tUacP7d¬h.gcP7S!Tlemh7S!d�e��cP7TUw7N!P�emqWX!VrTUN!P�boS!TUP7VWh.w7TUbUX!S
^!P.TU[�P7P7S�TUN$Pph.gcP7S!Tle�h7S!d�TUN!P�n�e�P7V�e|{

1. INTRODUCTIONMON!P QLS$TUP7VWS!P.T®X!qfqWP7V�e jkbUtUtobUX!S�e X!q n�eKP7V�e TUN!P
X!_$_!X!VWTUn$S!bUTU} TUX P7�!w7N$h7S!gcP P7tUP7w.TUVWX!S!bow jkh.bUtl�
_!N$X!TUX!gcVWh._!N�e|��h7S$d`eKX!n$S!d«w.tUbU_�e|¯�TUX�e�P7h7VWw7N«d!h7TUh.^!h�eKP�e
qWX$V«^!X$X!��e|��w7X!jk_!h7w.T�d!ble�w�e|�ueKw7bUP.S!TUbUqWbow�_!h7_$P7V�e|��h7S!d
w7h.V�e|¯©TUX­_!h.VWTUbUw7bo_!h7TUPrbUS­VWP.h7t

-
TUbUjkPrh7n$d!bUX

-
h7S!dRacbUd!P.X

-w7X$S!qWP7VWP.S!w7bUS!g�¯�h7S$dZTUXveKN$X!_uqWX!V°_!VWX!d$n!w7TleO^!X!ToNZacboVWTUn!h7t
h7S$d�_!N!}�e�bUw7h7tl��w7q£{©±W²�³!´Wµ�{�M¡N!P�N!n!gcPIw7X$S!gctUX!jkP7Vfh7TUPIX!q

tUbUS!��e|��N!}c_!P7VftUbUS!��e|��h7S!dyacbUVWTon!h7t5tUbUS$��emblemS!X!TY¶·n�eKTuh
TUP7w7N!S$X!tUX!gc}¸qfX!V�tUbUS$�cbUS!g¸w7X$jk_!n!TUP7V£e|¯rbUTible`h7tle�X¸h
medi

n!j¹qWX!V�w.X!jkjkn!S!bUw7h.TUbUX!S�{ M¡N$Pºw7X!S!acP.VWgcP7S!w7PiX!q
w7X!jk_!n!ToP7V�h7S!d�w7X!jkjkn!S!bUw.h7TUbUX!S�TUP7w7N!S$X!tUX!gcbUP�epw7VWP7h7ToP�e
h«eKX!w7boh7t�w7X!S$acP7VWgcP7S!w7P�h�e�[�P7totl{;»�P7X!_!tUP�jkP7P7T%bUSrw7N$h7T
VWX!X!j�exh7S!d¹d$bleKw7n�e|e�bUX!S¹gcVfX!n!_�exTUX¹w7X$S!acP7V�eKP¼X!S
P7acP7VW}cTUN$bUS!g�qWVWX!j¨h7n!ToXYjkP.w7N!h7S!bow�e�TUX�_!X�eKT

-
jkX!d$P7VWS�h7VWTl{

QLS�TUN!bleu[]h7}�TUN!PºQKS!TUP.VWS!P7T�e�n!_!_!X!VfTleZw7X!jkjkn!S$bUw7h7TUboX!S
^!P7TU[�P.P7S½_!P7X$_!tUP¾h7S!d�ToN!P�w7N!h7TyVfX!X!j�e¿h7S!d�ToN!P
w7X!jkjkn!S!boTUbUP�e&e�P7VWacPIh�e�jkP.P7TUbUS!gr_$tUh7w7P�epqfX!VBh7tUt%�cbUS$d�e
X!qº_!P7X$_!tUP�{&��X![�P7acP7V£�kTUN!PyboS!TUVWX!d$n!w7TUbUX$SzX!q­acbUVWTUn$h7t
w7X!jkjkn!S!boTUbUP�euh7S$d�w7N!h7T�VWX!X!j�euVfh7bleKP�e5hºS!n!jk^!P.V5X!q
_!X!TUP7S$TUbUh7tZ_!VWX!^$tUP7j�eIqfX!V�TUN$PiQKS!TUP7VfS!P7T�n�eKP7V�e|�sw7q£{Y±ÁÀ!´
Â;bUV�eKT~�uN!X![Ãw7h7SÄ_!P7X$_!tUPÅ^!PÅtUbUS!�cP.d¥ToX!gcP7TUN!P.V§[�boTUN
X!TUN!P7V£eRh7S!dx[]bUTUNzw7X!jkjkn!S$bUTUbUP�e\ToN!h7TieKN!h.VWP�eKbUjkbUtoh7V
bUS!TUP7VfP�eKTle|ÆRÇ+P.h7VWw7N`P7S!gcbUS$P�e
X!V
[]P7^§d$bUVWP7w7ToX!VWbUP�e��©P�{ g�{
AltaVista

X!VZÈ�h7N!X!X%É)�¡w.h7Si_!h.VWTUbUh7totU}ºN!P7to_��O^!n!T]ToN!P7}
h7VWPvX!qfTUP7SºbUS$h7d!P7�!n!h.TUPrqWX!Vkjkh7S$}\_$P7X!_!tUP�ÊWeY_!n!VW_$X�eKP�e|{
Second,

N!X$[ w.h7S eKjkX!X!ToNËw7X!jkjkn!S!bow7h7TUbUX$S�eÌ^!P
eKn!_!_!X$VWTUP7d�Æ�Í�P.[¦n�e�P7V�e
bUS�w7X!jkjkn!S!boTUbUP�e�X!qWTUP.S§qWh.w7P
d!bUqWqWbow7n!tUTUboP�e�bUSkn!S!d!P.V�eKTUh7S$d!bUS!g�[�N!h.T�ble�gcX!bUS!g�X!SkboSYToN!P
w7X!jkjkn!S!boTU}vh7S!d«TUN!P7}vN$h7acP�_!VfX!^!tUP7j�e�bUSvbUd$P7S!TUbUqf}cbUS!g
bUS!TUP7VfP�eKTUbUS$gYqftUX![
e�X!q�w7X$S!acP7V�eKh.TUbUX!S�e�{(Â;bUS!h.tUtU}��(N!X$[�w.h7S
TUN!PÎX$^(¶~P7w.TUbUacP�e�X$V¼VWX!toP�e�X!q¼w7X!jkjkn!S!boTUbUP�e¤h.S!d
bUS!d!bUacbod!n!h7tle�^!PBbUd!P7S!TobUqWbUP7d�Æ©QLT�b~e�X!qWTUP7Skd$bUqWqWbUw.n!tUT�TUXkqWboS!d
�cP7}�_!P.V�eKX!S�e�bUS�acbUVWTUn!h.t
w7X$jkjkn!S!bUTUboP�e«e�bUS!w7P�acbUVWTUn$h7t
w7X!jkjkn!S!boTUbUP�e h.VWP h7jkX$VW_!N!X!n�e w7X!jk_$h7VWP7d TUX
X!VWgch7S!b~eKh7TUbUX$S�eOtUbU�cP�w7X!jk_!h7S$bUP�eOX!VBeKw7N!X!X$tle�bojk_!tU}cbUS!g
h
tUh7w7�ÅX!q­X!Vfgch7S!bleKh7TobUX!S!h7tie�TUVWn!w7Ton!VWP�e«h7S!dÅVWX$tUP�e«bUSÅh
TUVWh7d!boTUbUX!S!h.t©eKP7S�eKP�{Dª�d!d!VWP�e|eKbUS!g�X!VpeKX$tUacbUS!g�e�X!jkP�X!V�h.tUt
X!qrTUN!P�e�P�ble|eKn!P�e�w.X!n!tUdyP7S$N!h7S!w7P�ToN!P�n�eKP7qfn!tUS!P�e�emX!q
QLS$TUP7VWS!P.T�w.X!jkjkn!S!bUTUboP�e|�(w7q£{!±ÏÀ!´�{

M¡N!bleÐ_!h._!P7VÑ_!VWP�eKP.S!TleÐhÃqWVWh7jkP7[]X!VW� qWX!VÑh
multiagent-

eKn!_$_!X!VWTUP7dÒw7X!jkjkn!S!boTU}¨w7N!h7T5VWX$X!j�{BMON!P
h7gcP7S!TpqWVWh7jkP.[�X!VW��h.d!d!VWP�e�eKP�eBToN!P�TUN$VWP7P�b~e|eKn!P�e�VWh7ble�P7d
h7^!X!acPB^!}5eKn!_$_!X!VWTUbUS$g�n�e�P7V�e�bUS�bUd!P7S$TUbUqW}cbUS$g��(VWP7TUVfbUP7acbUS!g��
h7S!d¦qWbUtUTUP.VWbUS!g�qWX!V�ToN!P7j VfP7tUP7ach7S$T§h7S$d�bUS!ToP7VWP�eKTobUS!g
bUS!qWX!Vfjkh7TUbUX!S�^$}�jkX!S$bUTUX!VWboS!g§ToN!PRh7w7TUbUacboTU}§X$qZX$S!PRX!V
jkX!VWPvw7N$h7T�VWX!X$jIe�{�¢
e�P7V�eYh7VWPrh.^!tUPrTUX­w7X$jkjkn!S!bUw7h.TUP
[�bUTUN­h7S­h.gcP7S!TBh7S!d­d!P.tUP7gch7TUPie�_!P7w7bUqfbUwrX!_!P7Vfh7TUbUX!S�eYX!V
TUh�eK��esTUX�TUN!PZh7gcP7S!T~��P�{ g�{�jkX$S!bUTUX!Vp[�N!P.S�w7P.VWTUh7bUSmn�eKP.V�e
P7S!TUP7V
h�VWX$X!j�{¡ª]tleKX��OTUN!P�eKX!tUn!TobUX!S�eKn$_!_!X!VWT~e�TUN!h7T]h7S
h7gcP7S!T�ble©h.^!tUPkTUX5X!^�e�P7VWacPkTUN!Pkh.w7TUbUX!S�e©X!q%TUN!P�n�eKP.V©h.S!d
VWP7w7X!jkjkP.S!d�w7N$h7T�VWX!X$j�e�X!V�eK_!P7w7boqWbUw�w7X$S!acP7V�eKh.TUbUX!S�e�bUS



w7N$h7TOVfX!X!j�e ^!h�eKP7dmX!S�boTle%n!S$d!P7V�eKToh7S!d!bUS$gIX!q ToN!P�n�e�P7V�{
MON!P5h7gcP7S!T°X!_$P7VWh7TUP�esh7S$dmjkh.�cP�esd!P7w7ble�bUX!S�esX!S�hun�eKP7V
_!VfX!qWbUtUP§[�N!bUw.N�ble5n$_!d!h7TUP.d�d!}cS!h.jkbUw7h7tUto}�h7S!d�[�N!bUw7N
bUS$d!bUw7h7ToP�e�ToN!P�boS!TUP7VWP�e�Tle�X$qOTUN$P�n�e�P7V�{�M¡N$P�h7gcP.S!T�ble�h7tleKX
h7^$tUP5TUX�w7X!jkjkn!S$bUw7h7TUPu[�bUToNmX$TUN!P7V�h7gcP7S$TlesbUS�X!VWd!P7V�TUX
jkh7�cP�TUN!P&jkX�e�T�n�eKP7qWn$t�VWP7w7X$jkjkP7S!d!h7TobUX!S�e°ToXIbUTle©n�e�P7V�{
MON!P5qWVWh7jkP.[�X!VW��bUS!w7ton!d!P�eph7SrX$acP7VWh7tUt°h7Vfw7N!bUTUP.w7TUn!VWPuX!q
TUN$P]bUS!acX$tUacP7d�h.gcP7S!Tle�h.S!dmeK�cP.TUw7N!P�e�qWX!VOTUN!P]boS!TUP7VWh.w7TUbUX!S
^!P.TU[�P7P7S�TUN$Pph.gcP7S!Tle�h7S!d�TUN!P�n�e�P7V�e|{

MON!P]_!h._!P7V¡b~e�X!VWgch7S$b � P7d�h�e�qWX!totUX![
e��c��N!h7_!ToP7V�TU[�X_!VfP�eKP7S!T~e�ToN!P¨^!h7w7�cgcVWX!n$S!dÅX!qRTUN!PxeKX!tUn$TUbUX!SÅ[�bUToN¿h
qWX$w7n�eRX!S�TUN!P¬QKS!TUP7VfS!P7Tl��acbUVWTUn$h7trw7X!jkjkn!S$bUTUbUP�e��kh7S!d
eKX$qWTU[�h7VfP�h7gcP7S$Tle|{$��N!h7_!TUP.V���_!VWP�eKP7S!Tle%TUN!P&qWVfh7jkP7[�X!Vf�
X!q�ToN!Pzh7gcP7S!T�eKX$tUn!TUbUX!S�{u��N!h7_$TUP7V`ÀÄd!bleKw7n�e|eKP�e§TUN!P
eKX$tUn!TUbUX$S [�bUTUN VWP�eK_!P7w7TRTUXÄX!TUN$P7V`d!P7acP7tUX$_!P7dÄh7gcP7S!T
eK}�e�TUP7j�e§qWX!V`TUN!P¿QKS!TUP7VWS$P7Tl�Zh7S!d¥qWbUS$h7tUtU}Ìw7N!h7_!ToP7V��
eKn$jkjkh7VWb � P�e�TUN$Pp[�X$VW��{
2. ���
	���
����������Ç+X$qWTU[�h7VfPºh7gcP7S!T~euX!VIh7n!ToX!S!X!jkX!n�eZh7gcP7S!TleZh.VWP­^!P7bUS$g
n�e�P7d½h7S!d�h._!_!tUbUP7d�boS�jkh7S!}Ñd!bUqWqfP7VWP7S!Tyw.X!S!TUP7�$Tle|{
Ç+X$qWTU[�h7VfP]h7gcP7S$Tle�N!h7acP�^!P7P7S
N!h7bUtoP7d�h�e�TUN!P�S!P7�!T�jkh·¶~X!V
w7X$jk_!n!TUbUS$g¬_!h7VWh.d!bUgcj h7S!d TUN!h7T�^!}¬TUN$P�}cP7h7V��������
eKX$qWTU[�h7VfPBh7gcP7S!Tle�[�X!n$tUd�^!P�_!P7VWach�e�bUacP�bUS�P7acP7VW}Yjkh7VW�cP7T
±Ï³$´�{�QLS�h7d!d!boTUbUX!S�����P7S!S!bUS!g�e�h7S!d��§X!X!tUd$VWbUd!gcP&jkP.S!TUbUX!S
TUN$h7Tsh.n!TUX!S!X$jkX!n�e�h.gcP7S!Tle]h7VWPmqWX!n!S$d«bUS«S!P7h7VftU}vP7acP7Vf}
TU}c_$P X!q�TUX!d!h.}�ÊWeÎw.X!jk_!n!TUP.V

-̂
!h�eKP7d h7_$_!tUbUw7h.TUbUX!S�e

bUS$w7tUn!d!boS!g bUS!d!n�e�TUVWbUh7t h7_$_!tUbUw7h.TUbUX!S�e��Ëw7X!jkjkP.VWw7bUh7t
h7_$_!tUbUw7h.TUbUX!S�e��zjkP7d!bUw.h7t�h7_!_!tobUw7h7TUboX!S�e h7S!d []bUTUN!bUS
P7S$TUP7VWTUh.bUS!jkP7S!T�± �(´�{"!�SyToN!P�TUN!VWP�eKN!X!tUdyX$SyTUN!P`S!P7�!T
jkbUtotUP7S!S!bon!j���eKX!qfTU[�h7VWP�h7gcP7S$Tle�N!P7tU_R_!P7X$_!tUP�qWbUS!d\h7S!d
VWP.TUVWbUP7acP�n�eKP.qWn!t�boS!qWX!VWjkh7TobUX!SÒqfVWX!j tUh.VWgcP�h7S$dÒh7S!Tob

-TUVfh7S�eK_!h.VWP7S!T%d!h.TUh�eKX!n!VWw.P�e|�¡e�X!qWTU[�h.VWP5h7gcP7S!T~epN!P7tU_�h7S!d
gcn!bod!PË_!P7X!_$tUPËX!_!P7VWh.TUPËw7X!jk_!toP7��jkh7w7N!boS!P�e¦h7S!d
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qWn!VWTUN$P7V�bUtUtUn�e�TUVWh7TUP7d�bUSIeKP.w7TUbUX!S��!{ �!{

3.2 �
/��2%�� ,p'��2,M:(/0'~3-*15u)�* ,p'0/93��2,�� 7-*�iPrN!h7acPr_$VWX!_!X�eKP.d­h7S­X!acP7VWh.tUtBh7VWw7N$bUTUP7w7Ton!VWPrqWX!VkToN!P
agent-̂

!h�eKP7d w7X!jkjkn!S$bUTU} w7N!h7T VfX!X!j eK}�eKTUP7j��
��N!h7TUª]gcP7S!T��Ïh�e bUtotUn�eKTUVfh7TUP7d bUS qWbUgcn$VWP �!µ�{ÅMON!P
h7VWw7N!boTUP7w7TUn$VWP�N$h�evd!n$VWbUS!g TUN!P�d$P�eKbUgcS _!VWX!w7P�e|er^!P.P7S
n�eKP7d¾ToX¾X!VWgch7S!b � P¸h7S!d¾d$P�eKbUgcS¾ToN!P¸bUS!ToP7VWS!h7t�h.S!d
P7�!TUP7VfS!h7t w.N!h7VWh7w7ToP7VWbleKTobUw�eBX$q]P7h7w.N�h7gcP7S$Tl{�QLS«h7d!d!boTUbUX!S��
TUN!P�h.VWw7N!bUToP7w7TUn!VWP�N!h�e¬^!P7P7SÐh�ach7tUn$h7^!tUP�TUX!X!t�qfX!V
acbleKn!h7tob � bUS!gËTUN$PÑw.X!jkjkn!S!bUw.h7TUbUX!SËh.S!dËbUS!TUP.VWh7w7TUboX!S
^!P7TU[�P.P7S«n�eKP7VYh7S!d«h.gcP7S!Tle]h7TpVWn!S!TUbojkP�{�QKS�TUN!b~eB_!h7_$P7V
TUN!P5h7VWw.N!bUTUP7w.TUn!VWP5[�bUtotBe�P7VWacPuh�eshuTUX!X!t°qWX!V�P7�$_!tUh7bUS$bUS!g
TUN!P&eKTUVWn$w7TUn!VWP�h7S!d�^!P.N!h7acbUX!V�X!q�TUN$PpP.S!TUbUVWP&eK}�e�TUP7j�{

ª�T�VWn!S
-
TobUjkPIh5[�P7^r_!X$VWTUh7t%w7X$n!tUdrw7X!S�eKbleKT%X!qBX$S!P

X!V%jkX!VWPkw7X$jkjkn!S!bUTUbUP�e©h�e©bUtUtUn�eKTUVWh7ToP7d5bUS5TUN!P�qWbogcn!VWP�^!}
w7X!jkjkn!S!boTUbUP�e¨ª h.S!d ��{�QKS¾P7h7w7N¼w7X!jkjkn!S!boTU}�h
S!n!jk^!P7VuX!qun�e�P7V�e
X!_!P7VWh.TUP�e
h7S!d`bUS!ToP7VWh7w7T~e&n�e�bUS!giToN!P
d!bUqWqWP.VWP7S!T�jkP.h7S�epjkh7d!P5h7ach.bUtUh7^!toP5^!}�TUN!P5_!X!VfTUh7tl{
�s{ g�{
n�eKP7V�e�w7h7S
h7_!_!tU}&ToN!P]bUS$TUP7gcVWh7ToP7dmeKP.h7VWw7N
P7S!gcbUS!P�TUX&qWboS!d
[�P7^y_!h7gcP�emX!VmToN!P7}�w7h7S¨w7X!jkjkn!S$bUw7h7TUP`TUN$VWX!n!gcN¨P

-jkh7bUtle�eKP7VWacbUw.P�ek[�bUToNiX!TUN$P7V�n�e�P7V�e|{���h7w.Nin�eKP.V�bUSºToN!P
w7X!jkjkn!S!boTU}­ble�h7tUtoX!w7h7TUP.dºTUN!P7boV&X![�S­_!P.V�eKX!S!h.tBh7gcP7S!Tl{
¢
eKP7V�e¾jkh7} X!V¾jkh.}�S!X!T¸^!PÎh7[�h7VWPÎX!q¾TUN!P.bUV
� h7qfqWbUtUbUh.TUbUX!S � [�bUToN�TUN!P
w7X!jkjkn!S$bUTU}5h7S!d�bUSITUN!b~e�eKP7S�e�P�¯
TUN!P5w7X!jkjkn$S!bUTU}�blepjkh7bUS$tU}�h5TUX!X!t%qWX$VpX$VWgch7S!b � boS!g�ToN!Ph7gcP7S!Tle�bUS�ToN!PZeK}�eKToP7j�{7QKS&h.d!d!bUTUboX!S��.h�w7N!h7T�VWX!X!jyh7gcP.S!T
bleOd!P7d!bUw.h7TUP7duTUXujkX!S!bUToX!V°h7S!dZw7X!S!TUVfX!t�ToN!P�h.w7TUbUacbUTobUP�e¡bUS
TUN!P�w7N!h.TyVWX!X!j X!qzP7h7w.N�w7X!jkjkn!S!boTU}�{­Â;bogcn!VWP �
bUtUtUn�e�TUVWh7TUP�e�TU[�X&w7X$jkjkn!S!bUTUboP�e|{�� X!jkjkn!S!bUTo}Yª�w.X!S�eKble�Tle
X!q]TU[]X�n�eKP.V�e��Ï¢
e�P7VZ²Ih7S!d�¢ZeKP7Vl�$µ]P7h7w.N�h�e|e�X!w7bUh7ToP7d
[�bUTUNRTUN!P.bUV�X![�SR_!P7V�eKX$S!h7t�h7gcP7S!T~{�ª�tleKX���h�w7N$h7TsVfX!X!j
h7gcP7S!T�jkX$S!bUTUX!V£e°TUN!P&h7w.TUbUacbUTUboP�e°X!q%TUN$Pkw7N!h7T�VWX$X!j�{cMON!P



n�e�P7V�h7gcP.S!TlerX$q�TUN!P�TU[�XÒn�eKP7V�e�boS¬TUN!P�w.X!jkjkn!S!bUTo}
co
jkjkn!S!bUw7h.TUP­[�bUTUN�P7h.w7N`X!TUN!P7Vuh7S$d�ToN!PRw7N!h7T�VWX!X$j

h7gcP.S!T�qWX!V%VWP.TUVWbUP7acboS!gZboS!qWX!VWjkh.TUbUX!S5X!S5h.w7TUbUacbUTobUP�e©bUSuTUN!P
w7X$jkjkn!S!bUTU}
h7S!dZTUN!PYw7N!h7T�VWX!X!j�{�¢ZeKP7Vm�
ble�h.tleKX�h�_!h7VWT
X!q%w.X!jkjkn!S!bUTo} �Y{c��bleOh7gcP7S$T�b~e¡h.^!tUP�TUXuw7X!jkjkn!S$bUw7h7TUP
[�boTUNRX!TUN!P7V�n�e�P7V�h7gcP7S!Tle�bUSRTUN!b~e]w.X!jkjkn!S!bUTo}�h7S!d\TUN!P
w7N$h7TkVWX!X!jÑh7gcP.S!Tl{%QKS�^!X!ToN�w.X!jkjkn!S!bUTobUP�e|�°n�eKP7V�e
h7VWP
h7^$tUPBTUXkacbleKboT�TUN!P�w7N!h7T�VWX!X$j�qWX$V�boS!TUP7VWh.w7TUbUX!S�[�boTUN�X!TUN!P7V
n�e�P7V�ekX$q�TUN!P�w7X!jkjkn!S!bUTo}­X!V�¶~n�eKT�qWX!V�X!^�eKP7VfacbUS!g­TUN!P
w7X$S!acP7V�eKh.TUbUX!S�e�TUh7�cbUS$g�_!tUh.w7P§boS�TUN!P§w7N!h7T
VWX!X!j�{sª
e
bUtotUn�eKTUVfh7TUP7d&^$}kTUN!P�qWbUgcn$VWP���X!jkjkn$S!bUTU} �ºw.X!S!TUh7boS�e�TU[�X
X!ToN!P7Vmn�eKP7V�e �Ï¢
e�P7Vw�ih7S!d�¢
eKP7V�À!µ�{sM¡N$PiqWX!totUX![�bUS$g
TUh.^!tUP�²¿d!P�e�w7VWbU^!P�e§ToN!P�eKP7jkh7S$TUbUw�e§X!q`TUN!PÅtUh.^!P7tUP7d
h7VfVWX![
e�bUS�qWbUgcn$VWP4��{

���������
1
 ��X$j�jkn$S!bUw7h7TobUX!S��(boS!TUP7VWh.w7TUbUX!S��(h7S!dX$^�eKP7VWach.TUbUX!S�ble|eKn$P�e�bUS���N!h7TUª]gcP7S!T

# Actors Class

1 Users
!�^�eKP7Vfach7TUbUX!S
Interaction

2
¢ZeKP7V��

¢
eKP.V�ª�gcP.S!T Interaction

3
¢
eKP.V�ª�gcP.S!T

Observation

4
¢
eKP7V�ª�gcP7S$Tl�

� N!h7T <�X!X!j�ª�gcP7S!T Communication

5
¢ZeKP7V�ª�gcP7S!Tle

Communication

6
� N!h7T <�X!X!j�ª�gcP7S!T

Observation

MON!PkqWbUgcn!VfPYw.X!S�eKble�Tle¡X$qBe�bU�ud!bUqWqWP.VWP7S!T��cbUS!d�e¡X$q©h.VWVWX![
e
[�boTUN«d$bUqWqWP7VfP7S!Tp�cbUS!d�e]X!qZeKP.jkh7S!TUbUw�e|{�ª
eBbUS$d!bUw7h7ToP7d�bUS
TUN$P¿Toh7^!tUP¿[�P¿d!bUqWqWP7VfP7S!TUbUh.TUP ^$P7TU[�P7P.SÌTUN$P �cbUS$dÌX!q

w7X!jkjkn!S!bow7h7TUbUX$SÑ^$P7TU[�P7P.S�h7gcP7S!Tle¿h.S!d�n�eKP7V£eÒh.S!d
^!P7TU[�P.P7SÅh7gcP7S!Tle«h7S!dÅh7gcP.S!Tle|{�MON!P¨w7X!jkjkn!S$bUw7h7TUboX!S
^!P7TU[�P.P7Srn�eKP7V£esh.S!drh7gcP7S!T~epblepd!P7qWboS!P7d�h�esbUS!TUP.VWh7w7TUboX!S
[�N!bUtUPkw.X!jkjkn!S!bUw7h.TUbUX!S5ble©n�eKP7d5qWX!V%h.gcP7S!T�TUXuh7gcP7S$Tl{+QKS
h7d!d!bUTobUX!S��¨^$X!TUNÃn�eKP7V�e�h7S$d®h.gcP7S!Tle�X!^�eKP.VWacP ToN!P
w7X!S!acP7V£eKh7TUbUX$S�e©h7S!d5h7w7TobUacbUTUbUP�e©X!q°TUN!P�w7N!h7T�VWX$X!j�e|{+MON!P
eKbU�­bUTUP.j�eYbUS­TUN!PrTUh7^$tUPrh7VWPº²(µ�TUN!P�n�e�P7V�X!^�eKP7VfacP�e�X!V
w7X!jkjkn!S!bow7h7TUP�e�[�bUTUN§X!TUN!P.V�w7X!jkjkn$S!bUTU}ºjkP.jk^!P7V�e&bUS
TUN!P¹w.N!h7T�VfX!X!j�{�MON!P½n�e�P7V¸jkh7}ËX!S$tU}ËX!^�eKP.VWacP
w7X!S!acP7V£eKh7TUbUX$S�ekbUS§TUN!P�w.N!h7T]VfX!X!j¾X!V
X!^�eKP.VWacPv[�N!bow7N
n�eKP7V�eIP7S!TUP.V�h7S!d�tUP7h7acP§TUN!PiVfX!X!j�� X!VITUN!Pin�eKP7VIw.h7S
w7X!jkjkn!S!bow7h7TUP h7w.TUbUacP7tU} []bUTUN X!TUN$P7VËw7X!jkjkn!S$bUTU}
jkP7jk^!P7V�er^!}yh7d!d!VWP�e|eKbUS!gyToN!P7j�bUS!d!boacbUd!n!h7totU}¨X!Vr^!}
h7d!d!VWP�e|eKbUS!g«TUN!P7j�h7tUtl�H�!µ�TUN!P�n�eKP7V]w.h7S�w7X$jkjkn!S!bUw7h.TUP
[�bUTUNmN!P7Vp_!P7V�e�X!S!h7t¡h.gcP7S!T¡ToN!VWX!n!gcN�TUN!P
n�eKP7VsbUS!TUP7VfqWh7w7P�{
M¡N!P h7gcP7S!TÌw7h7SÎw7X$S!TUbUS!n$X!n�eKtU}Îh7S!dÎd$}cS!h7jkbUw7h.tUtU}
_!VWP�eKP.S!TsVfP7w7X!jkjkP7S!d$h7TUbUX!S�e�TUX«TUN!P�n�eKP7V�h7S!d�ToN!P�n�e�P7V
jkh7}ÎbUS$qWX!VWj��U_$VWX!gcVWh7j TUN!P h7gcP7S!T¥^!}ÎP.ach7tUn!h7TobUS!g
VWP7w7X!jkjkP.S!d!h7TUboX!S�e|� �(µ�TUN$P�h7gcP7S!T�X!^�eKP7VfacP�e�TUN!P]h7w7TUbUX$S�e
X!q�TUN!P]n�eKP7V�h.S!d&TUN!P7VfP7^!}kgch7bUS$bUS!gkh7S&n$S!d!P7V�e�TUh7S!d!boS!g�X!q
TUN!PrbUS!ToP7VWP�eKT~e]h.S!d\_$VWP7qWP7VfP7S!w7P�e�X!q�TUN$Pmn�eKP7V�{ �p{ g�{�ToN!P
h7gcP7S!TRw7X!n$tUdÄX!^�eKP7VWacPÅ[�N$P7SÄTUN!P¿n�eKP7V�P7S!TUP.V�eºh.S!d
tUP7h7acP�e�TUN!P¥w7N!h7T�VWX!X$j���[]N!bUw7N�X!TUN!P7V�w7X!jkjkn!S$bUTU}
jkP7jk^!P7V�eºTUN!PÒn�eKP7Vih.VWPÒw7N$h7TUTUbUS$gx[�bUTUN���w.h7TUP7gcX!Vfb � Pw7X!S!acP7V£eKh7TUbUX$S�e|{&QKSxh.d!d!bUTUboX!S���TUN!P¬h7gcP.S!Trble\h7^!toPyTUX
X!^�eKP7VfacP§TUN$P§n�eKP.V�ÊWe�bUS!TUP7Vfh7w7TUbUX$S�[�boTUN�ToN!Pi_!X$VWTUh7t
h�e
[�N!X!tUP���À!µ�ToN!P�n�e�P7V�h.gcP7S!Tph7S!d\TUN!P�w.N!h7T VfX!X!j¸h7gcP.S!T
w7h7SÄw7X!jkjkn!S$bUw7h7TUP�{5M¡N!ble§w7X$jkjkn!S!bUw7h.TUbUX!SÄjkh7}Ì^!P
bUS!bUTUboh7TUP7d&^$}kP7bUTUN!P7V�_$h7VWTU}��7P�{ g�{7TUN!PBn�e�P7V�h7gcP7S!T�VfP7�!n!P�e�Tle
TUX&�cS!X![�[�N!bUw7N&n�eKP7V�e�h.VWP�w7n!VfVWP7S!TUto}kbUSkTUN!PBw7N$h7T�VWX!X!j��
�!µ�TUN!P]n�eKP7V�h.gcP7S!T�jkh7}�h7tleKXkw.X!S!TUh7w.T�X!TUN!P7V�n�eKP7V�h7gcP7S$Tle
TUXIgch7bUS�h&VWbUw7N$P7V�n!S!d!P.V�eKTUh7S$d!bUS!g5X!q TUN!P&X!ToN!P7V�n�e�P7V��$X!V
TUXibUS$bUTUbUh7ToPvw7X!jkjkn!S!bow7h7TUbUX$Sº^!P7TU[]P7P7SºTUN$PvTU[�Xºn�eKP7V�e|�
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2.
M¡N!P�X!acP7VWh.tUt�h7VWw7N!boTUP7w7TUn$VWP�X!q���N!h

t
ª]gcP7S!T�_!b

c
Ton!VWbUS!gYbUS!ToP7VWh7w7TUboX!S�h7S!d�w7X!jkjkn!S$bUw7h7TUboX!S�ble|eKn!P�e



h7S$d�qWbUS$h7tUtU}�³$µ�TUN!Pºw.N!h7T&VWX$X!j�h7gcP7S!T�jkX!S!bUTUX$V�euTUN!P
h7w.TUbUacbUTUboP�e�bUS
TUN!P�w7N!h7T�VfX!X!j�{.M¡N!ble�bUS!w7tUn$d!P�jkX!S!boTUX!VWbUS$g
n�e�P7V�e�P7S$TUP7Vvh7S$d¬tUP7h7acP�ToN!P�VWX!X$j��BTUN!P�d$bleKw7n�e�eKbUX!S�e
take

S�_!tUh7w7P�bUS�TUN$Ppw7N$h7T�VWX!X!j�{

User
User
profile

Mirror
copy

Adaptable
interface

User
profile

Agent
recommondations

reads

updates
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3
 QLtotUn�eKTUVfh7TUbUX!S�X!q�TUN!P�bUS$TUP7VWh7w.TUbUX!S�^!P7To[�P7P7S�TUN!Pn�e�P7V�h7S!d�TUN!P�h7gcP7S!T�h7S$dYToN!P�n�eKP�X!q�_!VWX!qfbUtUP�e

MON!PÅn�eKP7V�e§bUS$TUP7VWh7w7TR[�boTUNÄTUN!P7bUV`h7gcP.S!Tle§TUN!VWX$n!gcNÌh
d!P.d!bUw7h7ToP7dvqWbUP.tUdvbUSvTUN$PI_!X!VWToh7tl{�MON!blepblepbotUtUn�eKToVWh7TUP7dr^$}
TUN$P«h7d$h7_!TUh7^$tUP«boS!TUP7VWqWh.w7P«boS§qWbogcn!VWPU�!{©M¡N!P\n�eKP.V�w7h7S
jkX!d$bUqW}�TUN$PibUS!ToP7VWqWh7w7P§h7w7w7X$VWd!bUS!g�TUN!P7bUV�_!VWP7qfP7VWP7S!w.P�e|�
P�{ g�{yToN!PËS!n!jk^!P.V¤X$q�VWP7w7X!jkjkP.S!d!h7TUboX!S�e�eKN!X$[�S�{
¢
e�n!h7tUtU}¨TUN$blemqWbUP7tod¨[]bUtUtu_!VWP�e�P7S!Tuh7S!d¨tUble�TZh`_!h.VWTUbUh7t
eKP.tUP7w7TUboX!S¬X!qvToN!P�VWP7w7X!jkjkP.S!d!h7TUboX!S�emqWVWX$j ToN!P�n�eKP7V
h7gcP.S!Tl{\QKSÐh.d!d!bUTUboX!S��\TUN!P�e�P�VWP.w7X!jkjkP7S!d$h7TUbUX!S�eyh7VWP
S!X$VWjkh7tUtU}§tUbleKToP7d§boSi_!VWbUX$VWbUTUb � P.d�eKP7�$n!P7S!w7P«[�N!P7VfP�TUN!PX!S$P�e©TUN!Pkh7gcP.S!T�N!h�e©h�e|e�P�e|eKP7d5ToN!PkN!bUgcN!P�eKT�bUjk_!X!VfTUh7S!w7P
h7VfP
tUb~eKTUP7d�h7T¡TUN$P�TUX!_�X!q TUN$P�tUble�Tl{�M¡N!P
bUS!TUP7Vfh7w7TUbUX$S�N!h�e
^!P.P7S�d!P�eKbUgcS$P7dºeKXmToN!h7T°n�eKP7V£e h.VWPuh7^!tUPuTUXmbUgcS!X!VfP
h7S$}
VWP.w7X!jkjkP7S!d$h7TUbUX!S\jkh7d!Pm^!}�ToN!P�h.gcP7S!Tl{q�§N!P7S�h�n�eKP7V
w7N$X!X�eKP�e TUX bUgcS!X!VfP h VWP7w.X!jkjkP7S!d!h.TUbUX!S��½TUN!ble
VWP.w7X!jkjkP7S!d$h7TUbUX!S\[�bUtUtpP7acP7S$TUn!h7tUto}�^!P7P.S«VWP.jkX!acP7d�^$}
TUN$Pkh7gcP7S!T�qWVfX!jÅTUN!PktUbleKT~�c^!n!T�ToN!PkbUgcS!X!VfP � h7w.TUbUX!S � [�bUtUt
eKTobUtUt©^!P
P.ach7tUn!h7ToP7d�^!}IToN!P�h7gcP.S!Tl{�¢
eKP7V£e%h7VWP
h7tleKX�h7^!tUP
TUXZd!ble�w7h7VWd
X!V¡VWP.jkX!acP]h7S!}�VWP7w7X!jkjkP.S!d!h7TUboX!S�qWVfX!j¬TUN!P
h7gcP.S!Tl{�M¡N$P�h7gcP.S!T�[�botUt�boS!TUP7VW_$VWP7T�TUN!ble¡h�e¡S!X
boS!TUP7VWP�eKT�bUS
TUN$PZeKn!^�¶~P7w7T~e�w7X!S$TUh7bUS!P7d�bUS&TUN!P]VWP7w7X!jkjkP.S!d!h7TUboX!S�{.M¡N!ble
bUS\N!h7S$d«[�botUtstoP7h7d�TUX«n!_!d!h.TUP�X!q�TUN!P�n�eKP7V�_!VWX!qWbotUP�X!S
TUN$PvVWP�eK_$P7w7TUbUacP�P7S!TUVWbUP�e|{�Â�bUS!h7tUto}���TUN$Pvn�eKP7Vkb~eYh7^!tUPrTUX
instru

w.T]TUN!P«h7gcP7S!T�TUXº_!P7VfqWX!VWj�h§e�_!P7w7bUqfbUwvTUh�e�����P�{ g�{
jkX!S$bUTUX!VZ[�N!P7S�w7P7VWToh7bUS�n�eKP7V�e&P7S!TUP.V�h�w.N!h7T]VfX!X!j¾X!V
jkX!S$bUTUX!VZ[�N!P7S�w7P7VWToh7bUSyeKn!^(¶·P7w7Tle�h7VWP\d!bleKw.n�e|eKP7d§bUSih
w7N$h7T�VWX!X!j�{

3.3 Profilesª�S$}�h7gcP7S$T�eKX$tUn!TUbUX!S\ble]^!n!bUtoTsn!_$X!S«P.�!TUP7S�e�bUacP�n�eKP�X!q
n�e�P7V°_!VWX!qWbotUP�eOh7S!duN!P7S!w.PYToN!P�_!VWX!qWbotUP�eOjkh7�cP�TUN!PYh7gcP7S!T
h7^$tUP«ToX§h7d$h7_!TYTUX§n�e�P7V
_$VWP7qWP7VfP7S!w7P�e��©w7q�{B±��!´£{©QLS§TUN!ble

eKP7S�eKP���_!VWX!qWbotUP�e
e�P7VWacPmh�e��cP.}vP7tUP7jkP.S!TleBboS�jkh7�cbUS$gvh
n�eKP7qWn$txh7S!d eKn!w.w7P�e|eKqfn!tzh7gcP7S!T�e�X!tUn!TUboX!S�{�QKSËTUN$ble
VWP�eK_!P.w7Tl�(��N$h7TUª�gcP7S!T�ble�S!X�P7�$w7P7_!TUboX!S�{

M¡N!PY_!VWX!qfbUtUP�e¡bUS
� N!h7TUª�gcP.S!T�_$VWbUjkh7VWbotU}&d!P7qfbUS!P]h.S!d
d!P�eKw7VfbU^!PrTUN!Prh.w7TUbUX!S�eYh.S!d­bUS!TUP.VWP�eKTleYX$qkTUN!Prn�eKP.VYh.S!d
N!P7S!w7P5boS!d!bUVWP.w7TUtU}�bUS�eKToVWn!w7T°TUN!Pu^!P.N!h7acbUX!V£e h.S!d�h7w7TUbUX$S�e
X!qsToN!P
h.gcP7S!Tl{�M¡N$P
n�e�P7Vsh.gcP7S!T©ble�h.^!tUP�ToX�X!^�e�P7VWacP�ToN!P
n�eKP7V�^!}\h7w7w7P�e|eKbUS!g\TUN!P�n�eKP.VY_$VWX!qWbUtoPmh.Tsh7S$}�TUbUjkP���h�e
_!bUw7TUn$VWP7d�boS�qWbUgcn!VfP �!{.M¡N!P.VWP7^!}kjkh7�cboS!gkTUN!P�h.gcP7S!T;h7^$tUP
TUX­bUd!P7S$TUbUqW}\^!h�eKbUw�bUS$TUP7VWP�e�Tle�X!q�TUN!P�n�eKP7V�h7S$d\jkh.�cbUS!g
TUN!P�h7gcP7S!T�h7^!toP�TUXZbUd!P7S$TUbUqW}�eKbUgcS!bUqfbUw7h7S!T�w7N!h.S!gcP�e¡bUS
ToN!P
_!VWX!qWbotUP�{]M¡N!P�n�eKP.Vrh7gcP7S!T5blemS$X!T5h7^!tUP�ToXyd!P7tUP7ToP�X!V
n!_!d!h7ToP]h7S!}�qWbUP7tUd�e�bUS&TUN!P]n�eKP7V�_$VWX!qWbUtoP��7^$n!T;bUS�e�TUP7h7d&ToN!P
h7gcP7S!T;N$X!tUd�e�hBtUX!w.h7t�jkbUVWVWX$V�_!VWX!qWbotUPBX!q�n�eKP.V�bUSkX!VWd!P.V�TUX
iden

TobUqW}Zw7N!h7S!gcP�eO^!P.TU[�P7P7SutUX$w7h7t�_!VWX!qfbUtUP�h7S!duTUN!P�n�e�P7V
_!VWX!qWbotUP�{$M¡N!P&bod!P7S!TUbUqfbUw7h7TUboX!SIX!q�e�bUgcS!bUqWbow7h7S!T�w.N!h7S!gcP�e%ble
bUjk_!X!VWToh7S!T ToX�TUN!PIh.gcP7S!T�eKboS!w7PIbUT bUS!d!bUw.h7TUP�e�h\eKN!bUqWT X!q
qWX!w7n�eBX!V�_!VWP.qWP7VWP7S!w.P�e�X!q�ToN!P5n�eKP7VBh.S!drN!P7S!w.P5bUT%jkh7}
bUS!bUTUboh7TUP h.w7TUbUX!S�e qWVWX!j TUN!P h.gcP7S!T½TUX bUd!P7S!TobUqW}
communi

TUbUP�e©X!SuTUN!P�eKP�w7N!h7S!gcP�e|{+M¡N$PYn�eKP7V°h7gcP7S!T�[�botUt
h7d(¶~n�eKT�TUX¤n�eKP7V¨^!P7N$h7acbUX!V¨jkP7h7S$bUS!g¦TUN!h7T`bUq¨n�eKP.V�e
w7X!S!TUboS!n!X!n�e�tU}�w7N!h.S!gcP�_$VWX!qWbUtoPueKbogcS!bUqWbUw.h7S!TUtU}���ToN!P]h7gcP.S!T
[�bUtUtZh7n!TUX$jkh7TUbUw7h7totU}�bUS$w7VWP7h�e�P§TUN$P§tUbojkbUT
ToX�[�N$bUw7N�bUT
X!_!P7VWh.TUP�e�h7S!d�jkh7�cP�VWP7w7X$jkjkP7S!d!h7TobUX!S�e|{

M¡N!Puw7N!h.T©VfX!X!jÌh.gcP7S!T°N!X!tUd�e To[�X�_!VWX!qWbotUP�e X!qsToN!P
w7N!h7TºVfX!X!j�{���X!TUN¸TUN$P�eKPx_!VfX!qWbUtUP�e�N!h7acPzTUN!P�e�h7jkP
eKTUVWn!w.TUn!VWP&h.S!dIw7X!S!ToP7S!T�h�e%TUN!P&n�e�P7V�_!VWX$qWbUtUP�e�{!MON!P&qWbUV£eKT
_!VWX!qWbotUP�ble�h�tUX!S!g

-
TUP7VWj�_!VfX!qWbUtUP�d$P7qWbUS!boS!g¨TUN!P�^!h�e�bUw

bUS!TUP7VfP�eKTleOX!q°n�eKP7V£e¡[]N!XuP7S!TUP7V£e¡ToN!P�w7N!h7T�VWX!X$j�{0!�acP7V©h
tUX!S!g�_!P7VWbUX$d�X!qpTUbUjkPZTUN!ble _!VWX$qWbUtUPZ[�bUtUt©^!PreKTUh7^$bUtUP�h.S!d
S!X!T%eKn!^(¶·P7w7T�TUX
jkh·¶·X!V©w7N!h7S!gcP�e|{�M¡N!PYX!TUN$P7VO_$VWX!qWbUtoP�ble�h
short-

ToP7VWjÅ_!VWX!qWbotUPkd!P7qWboS!bUS!guTUN!Pk_$VWX!qWbUtoP�e©X!q°TUN!P�n�eKP.V�e
h7w7TUbUacPmbUS\TUN!Pmw7N!h7TpVWX!X!j�VWbUgcN!TpS!X![Z{�M¡N!ble]_!VWX$qWbUtUP�ble
jkX!VWPBX!qWToP7Skw7N!h7S!gcP.dkh7S!dkble�S!X$T¡eKXIeKTUh7^!botUP�h7S!d�jkh7}Yh7T
w7P7VWTUh.bUSvTUbUjkP�e�^!PIacP7VW}rd$bUqWqWP7VfP7S!T�qWVfX!jÄTUN!P5tUX!S$g

-
ToP7VWj

_!VWX!qWbotUP�{ � X!TUN5_!VWX!qfbUtUP�e©h7VfPkn!_!d!h7ToP7d5[�N!P7S5n�eKP7V�eOP7S!ToP7V
X!V�tUP7h7acP�TUN!P�w7N$h7T�VfX!X!j�{

M¡N!PIn�eKP7V�h7gcP7S$T�w7h7Svh.T�h7S!}rTUbojkPIVWP7�!n$P�eKT�h5w7N$h7T
VWX!X!jÅh7gcP7S$T�qWX!V°TUN!PIeKN!X!VfT

-
TUP7VWj¿X!V°tUX!S!g

-
TUP.VWj _$VWX!qWbUtoP�e

h7S!dvTUN$P7Sv_!P7VfqWX!VWj hIjkh7Tow7Nv^!P7To[�P7P7SvToN!PI_!VWX$qWbUtUP�eBX!q
TUN!Pyw7N!h.TrVWX!X!jÃh7S!dzTUN$P�_$VWX!qWbUtoP�X$q\ToN!P¨n�eKP7V�{kª�S
h7tUgcX!VWboTUN!j _!P.VWqWX!VWj�evTUN!blevjkh7TUw7N!jkh.�cbUS!g¬[�N$P7VWP�ToN!P
jkX�eKT�eKbUgcS$bUqWbUw7h7S$T�eKn!^(¶·P7w7Tle¿bUS�^$X!TUN�_!VWX$qWbUtUP�e¿h.VWP
jkh7TUw7N!P.d�{5MON!ble�h7tUgcX!VfbUTUN!j [�bUtot­S!X!T­^!Pz_!VfP�eKP7S!ToP7d
qWn!VWTUN$P7V�bUS�TUN!ble�_!h7_!P.V�jkh.bUS!tU}Yd!n!P�TUX�bUTle�w7X$jk_!tUP7�!boTU}�{

4. DISCUSSION!�n!Vºh7gcP.S!T§eKX!tUn$TUbUX!Sx[]h�eRd!P�e�bUgcS!P7dxboSzh7TUTUP7jk_$TrTUX
n!TUbUtUb � P�h.S!d�acP.VWbUqW}�ToN!P§w.X!S!w7P7_$TleIX$q�h7gcP.S!Tle�X!S�ToN!P[�P7^�{�ªZe]d$bleKw7n�e|e�P7dRP7h7VWtUboP7V���TUN$PmboS!TUVWX!d$n!w7TUbUX$S\X$qYToN!P
[�P7^¦h7S!d¦acbUVWTUn!h7t�w7X!jkjkn$S!bUTUbUP�e�X!S�TUN!PÌ[�P7^�N$h�e
_!VWX!acbUd$P7d«_$P7X!_!tUPm[�bUTUN\h7S\X!_!_!X$VWTUn!S!boTU}vTUX«jkP7P7T S$P7[
_!P7X!_!toP���w7X!jkjkn!S$bUw7h7TUPu[�boTUN�TUN!P7j¥TUN!VWX$n!gcN�hZS!n!jk^$P7V
X!q�TUP7w7N$S!X!tUX!gcboP�e|�yP�{ g�{yP.jkh7bUt h7S!dÃw7N$h7TÄVWX!X!j�e|{



��X$[�P7acP7V���h½S!n$j�^$P7V¸X!q¸VfP7tUh7TUP.d _!VWX!^$tUP7j�e¥h7VWP
bUS$TUVWX!d!n$w7P7dyjkh7bUS$tU}�d$n!P�TUXyTUN!P�w.X!jk_!tUP7�$bUTU}¨X!qrTUN!P
[�P.^�{7ª]tleKX���eKX!qWTo[�h7VWP�h7gcP.S!Tle�N!h.acP�^!P7P7SkboS!TUVWX!d$n!w7P7dkTUX
eKX$tUacP¸h S!n!jk^$P7VyX!qy_!VWX!^$tUP7j�e�_!VWbojkh7VWbUtU}¤VWP.tUh7TUP7d
bUd$P7S!TUbUqfbUw7h7TUboX!S5h7S!d5VWP7ToVWbUP7ach7t�X$q©boS!qWX!VWjkh.TUbUX!S��cw7q�{;±W²$²(´�{
��X$[�P7acP7V��kh�S$n!jk^!P7VRX!q\d!bleKw7n�e|eKbUX!S¿X!S¿TUN!P�h7gcP7S!T
w7X$S!w7P7_!T N!h�ex^!P7P7S¹w.h7VWVWbUP.d¹X!n!T~�iw.q�{¨±W²!� �!� �!´��
bUtotUn�eKTUVfh7TUbUS!gzd$bUqWqWbUw7n$tUTUbUP�e­bUSxbUd!P.S!TUbUqW}cboS!gzhyw7X!jkjkX!S
[�bod!P7tU}¬h.w7w7P7_!ToP7d¬d!P7qWboS!bUTUbUX$S¬X!S¬TUN$P�TUP7VWjËX$qv[�N!h7T
w7X$S�eKTUbUTon!TUP�eYh7SRh7gcP7S$Tl{ �iP�[�botUt�TUVW}\TUXRd!bleKw7n�e|e�TUN!P�eKP
VWP.tUP7ach7S!T�ble�eKn!P�e�bUS�TUN!P�w7X!S$TUP7�!T�X!q�X!n!V�h7gcP.S!T�eKX!tUn!TobUX!S�{

;]bUVfTUn!h7t�w7X!jkjkn!S!bUTobUP�e�bUS$TUVWX!d!n$w7P�h�S!n$jk^!P7VvX!q
_!X$TUP7S!TUboh7t�_!VWX!^!toP7j�e�VfP7tUh7TUP.d�boS!TUP7VWh.w7TUbUX!S�e�h�e�h.tUVWP7h7d$}
d!b~eKw7n�e|e�P7d
boS�eKP.w7TUbUX!S ��{)²!{9!�n!V©h7gcP7S!T%eKX!ton!TUbUX!SZTUVWboP�e�TUX
h7d$d!VWP�e|e�ToN!ble�ble|e�n!PB^!}�h.TUTUP7jk_!TobUS!gYTUX�VWP7d!n!w.PpToXYX$acP7VWh7tUt
bUS$TUP7VWh7w.TUbUX!S []bUTUN [�P7^ _!h.gcP�e|{ �¡bUP7^!P7Vfjkh7S h7tleKX
h7d$d!VWP�e|e�P�exToN!ble�ble|eKn!P qWX!V¥h7n!TUX$S!X!jkX!n�exbUS!TUP.VWqWh7w7P
h7gcP.S!Tle|��w.q�{�±"�!´£{���P�bUd!P7S!TobUqWbUP�eueKbo�«d!P�eKbUgcS\_!VWbUS!w.bU_!tUP�e
eKn$w7Nºh7gcP7S$Tle|{m�iPv[�bUtot�d!bleKw.n�e|e�TU[]XºX!qkTUN!P�eKPrbUS­TUN!P
w7X$S!TUP7�!T�X!q�bUS$TUP7VWh7w.TUbUX!S�{

Â;bUV�e�Tl�yC�`ALP?�N�?�RS?A`�= B N�LPI�G T.C�@KI CAF�IKN�LP= =YO�?�`�DPf
=�`AF�F�IK=�L GJC�LoO�I�GmLPO�C�N C�@KLq?�N�eAIKO�C�D Tl?MTlLPO�I�`�=�I�G|{Dª�t~eKX��
h7n$TUX!S!X!jkX$n�e bUS!ToP7VWqWh7w7P h.gcP7S!Tle [�X$VW� ^!P�eKT�bUS
P7S$acbUVWX!S!jkP.S!Tle�[�N$P7VWP�TUN!P.VWP�d!P7w.bleKbUX!S�e�h7VWPBS!X!T�w.VWbUTUbUw.h7tl{
MON!PI��N!h.TUª�gcP7S!T X!S!tU}rjkh7�cP«e�n!gcgcP�eKTUboX!S�e�TUXrToN!P5n�eKP7V
h7S$d§TUN$P«TU}c_$P«X!qreKn!gcgcP�e�TUbUX!S�e�h7S!d�TUN!P«P7S!acbUVfX!S!jkP7S!T
jkn�e�T�^!PYw7X!S�eKbUd!P7VfP7d
S!XZw7VWboTUbUw7h7t~{�M¡N!PYn�eKP7VOw7h7S
bUgcS!X!VWP
TUN$P\VfP7w7X!jkjkP7S$d!h7TUbUX!S�e&qWVfX!j¼TUN$P«h7gcP.S!T�h.T�h7S$}iTUbUjkP
h7S$dzble�eKTUbUtotrh7^!tUP¨TUXÅw7X!jkjkn!S$bUw7h7TUP¨[�boTUNÅTUN!P¨w7N!h7T
VWX$X!j��UX!TUN$P7V`n�eKP7V�e§h7S!dÄTUN$P¿VfP�eKTRX!q`TUN!P¿[�P7^�eKbUTUP
VWP.gch7VWd!tUP�e|eÅTUN!P¼bUS!TUP7VWh.w7TUbUX!S¹[�bUTUN½ToN!P¾h7gcP7S$Tl{­Í�X
bUS$TUP7VWh7w.TUbUX!S\[�bUTUN\TUN!Pmh7gcP7S!TpX!VYS!P7gch7TobUacP�VfP�eK_!X!S�eKP�TUX
TUN$P«VWP.w7X!jkjkP7S!d$h7TUbUX!S�e�X!qZTUN!P\h7gcP7S!TY[�bUtotl�©N!X![�P.acP7V��
bUS$qWtUn!P7S$w7P�TUN!P]^!P7N!h7acbUX$V�h7S!d&h.w7TUbUS!gkX$q�TUN!PBh7gcP7S$T¡eKbUS!w7P
bUT~e¡_$P7VWw7P7_$TUbUX!SuX!q°TUN!P�n�eKP.V©w.N!h7S!gcP�eO^!X$TUNuX!Su_!X�eKbUTobUacP��
S!P.gch7TUbUacP��\h.S!dÐX$SÐS!X VWP�eK_$X!S�eKP�{ ��¶·n!S!gc^!P.VWg¾h7S!d
Ç � VWP7S�eKP.S
N!h.acP]w7X!bUS$P7d�TUN$P]TUP7Vfj¬bUS!TUP.VWh7w7TUboX!S�X!acP.VWtUX!h7d
±W²p�!´�{[�iP�N!h.acP�P7�!_!tUbow7bUTUtU}kToVWbUP7d&ToX&h7acX!bUd�TUN!ble�_$VWX!^!tUP.j
bUSÒTUN!P�d!P�eKbUgcSyX!qr��N!h.TUª�gcP7S!T~{BM¡N$P�w7X!S!TUVfX!t5X!qrTUN!P
bUS$TUP7VWh7w.TUbUX!S5ble©h.tU[�h7}�eO[�bUTUNuTUN$PYn�eKP7V��+ToN!P�h7gcP7S!T�bleOS!X!T
h7totUX![�P7d ToX TUh7�cPzw7X!S!ToVWX!t­h7S!d qfX!VWw7PzTUN$Pzn�eKP7V�TUX
bUS$TUP7VWh7w.T�[]bUTUN�TUN!P�h7gcP7S!T~{

S
P7w7X$S!d���d!P�eKbUgcS!P7V�eReKN$X!n!tUd LPC��KI C�f��[C�N�LPC�FAI�?MT

LPOAIrB NMT.?HG�RSC�LMB ?ANyLPO�I{`�=�I�G FqB �KIK=|LPOAI
CAF�IKN�L T.?HG T�G�IKI�{
MON!P
h.w7TUbUX!S�e�TUh.�cP7S�^!}�TUN!PZn�eKP7VpbUSmTUN!PZn�eKP7VsbUS!TUP.VWqWh7w7P
w7X$S�eKTUbUTon!TUP�ach7tUn!h.^!tUP�bUS!qWX!Vfjkh7TUbUX!SRTUN$h7T�TUN!P�h7gcP7S!Tpw7h7S
n�e�P
TUXmbUS!qfP7VsToN!P
gcX!h.tle�h.S!d�boS!TUP7VWP�eKTle X!qsToN!P
n�eKP7VY±	�!´�{
MON!Pu��N!h7TUª]gcP7S!T°h7tleKX�jkX!S!boTUX!V�esTUN!Puh7w.TUbUX!S�esTUh.�cP7S�^$}
TUN$P�n�e�P7V�{�Â;bUV£eKTl��TUN!PYh7w7TUboX!S�e�VfP7tUh7TUP.d�TUX
TUN!P]n�eKP]X!qOw7N!h7T
VWX$X!j�erh7VfP�jkX!S!boTUX!VWP7d d!bUVWP7w.TUtU}¬h7S$dÒVWP7gcb~eKTUP7VWP.dÒqWX!V
tUh.TUP7V�n�eKP�{$Ç+P7w.X!S!d���jkX$VWPB_!VWX!qfbUtUP�e�h7VfPBgcP7S!P7VWh.TUP7d�[�N!P7S
TUN$P n�e�P7V§boS!TUP7VWh.w7Tle­[�boTUN�TUN$PÒ[�P7^¤eKbUTUP h7S!dÌTUN!P�eKP
_!VfX!qWbUtUP�e©h7VWP�h7w7TUboacP7tU}
n�eKP7du^!}ZTUN!P�n�eKP7V°h7gcP.S!T�TUXubUS!qWP7V
TUN$Pp^$h�eKbUw�bUS!ToP7VWP�eKT~e�X!q�TUN$Ppn�eKP7V�{

��P.qWbUS!bUS$g§TUN!PRw7X$S!w7P7_!T�X!quh7S`h7gcP.S!T�N!h�e
VWh7ble�P7d
jkh7S!}`d!bleKw.n�e|eKbUX!S�eZ^!P7TU[�P.P7S�VWP�eKP.h7VWw7N!P.V�e
[�bUTUN!boS�ToN!P
h7gcP7S!T�w.X!jkjkn!S!bUTU}�{�M¡N$PIjkn!tUTUboTUn!d!P5S!n$jk^!P7VBX!qBacbUP.[
e
X!qRh7gcP7S!Tle«w7h.S¿_!h.VWTUtU}¿^!P¨P7�!_!toh7bUS!P7dÅ^!}¿TUN!P¨tUh.VWgcP
S!n!jk^!P7V°X!q°d!boqWqWP7VWP7S$T��cboS!d�eOX!q°VWP�eKP.h7VWw7N!P.V�eO[�bUTUN!boSZToN!P
qWbUP7tUdi±f²(´�{¡ÇcX!jkP5h7VWgcn!PuqWX!V�hveKTUVfbUw7T°d!P7qWboS!bUTUbUX$SmX$SmToN!P
h7gcP7S!T�TUP.VWj []N!bUtUP X!ToN!P7V�e VWP.w7X!jkjkP7S!d jkX$VWP
_!VWh7gcjkh7TobUw¨d!P7qWbUS!boTUbUX!S�e��Yw7q�{5±W²!���$´�{YM¡N!P�tUh7w.�ÒX!q\h
n!S!bUqWboP7d&d!P7qfbUS!bUTUbUX$S&tUP7h7d�e�X!qWTUP.S&TUXkTUN!PBqfh7w7T�TUN!h.T�w7P7VWTUh.bUS
eKX!qWTU[]h7VWP�eK}�e�TUP7j�euh7VWP­VfP7qWP7VWVfP7d�TUX�h�eZh7gcP.S!TleZ[�N!botUP
X!TUN!P7V£e¿TUX!TUh7totU} d$bleKh7gcVWP.P¹±Z�(´�{ !�S!P�X!qzTUN$P¦jkX$VWP
h7w7w7P7_$TUP7d�d!P7qWbUS$bUTUbUX!S�e�X!S�TUN!P\TUP7VWjÐble�TUN!h7T�h7Sih7gcP.S!T
eKN!X!n!tod­^!Prh7n!TUX!S$X!jkX!n�e|��VWP�eK_!X$S�eKbUacP���_!VWX!h7w.TUbUacP���h.S!d
eKX!w7bUh.t�±f²(À!´�{

!�n$V���N!h7Toª�gcP7S!T�w7h7Sk^$PBw7X!S�eKbod!P7VWP7dkhBjkn$tUTUbUh7gcP.S!T
syste

jÌw7X!S�e�bleKTUbUS!g�X!q jkX!VfP�h7gcP7S$Tle%X!qsTUN!P�eKh7jkP�To}c_!P
h7S!dih.tleKXijkX$VWP�TUN!h.SiX!S!P«TU}c_!P«X!q&h7gcP7S$Tle|{ ��X!TUNºToN!P
n�eKP7Vxh.gcP7S!Tyh7S!d�TUN$P�w7N!h7TyVWX$X!j h7gcP7S!Tyw7h.S�^!P
w7X!S�eKbod!P7VWP7d\h7n!ToX!S!X!jkX!n�e�{�M¡N!Pmn�eKP7VYh7gcP7S$T ble�h7^!tUP�TUX
h7w7T�[]bUTUN!X!n$TId!bUVWP7w.TIbUS!TUP.VWacP7S!TUboX!S�e�X!q�N!n!jkh7S�e�{�MON!P
n�eKP7V�h7gcP7S$Tpjkh.�+P�e]VfP7w7X!jkjkP7S$d!h7TUbUX$S�e�qWX!V�w7n!VWVfP7S!TpX!V
_!h�eKT�w.X!S!acP7V�e�h7TUbUX!S�eBbUSvTUN!P�w7N!h7T�VfX!X!j h7S!drh.tUP7VWTlepToN!P
n�eKP7V�[�N!P7S«w7P7VWTUh7boS�X!TUN$P7V�n�eKP.V�e�P7S!ToP7V�TUN!P�w7N!h7T�VfX!X!j
P7TUw�{�M¡N!P�n�eKP7V�N!h�epX!S!tU}�bUS!d$bUVWP7w7T%w.X!S!TUVWX$t%X!qBTUN!P5n�e�P7V
h7gcP7S!Tl�pToN!P§n�eKP7V�boS!qWtUn!P.S!w7P�e�TUN!P�n�eKP7Vmh7gcP7S$T�^!}�ToN!P
h7w7TUbUX$S�eubUS�ToN!Pºw7X!jkjkn!S$bUTU}�h7S!d�TUN!P­h7w7TobUX!S�eZbUS�ToN!P
w7N!h7T�VWX!X!j h7S!d�^!}�P7ach7tUn!h.TUbUS!g¸VfP7w7X!jkjkP7S$d!h7TUbUX$S�e
qWVWX!jyTUN$P�h7gcP7S!T~{7M¡N$P�n�eKP7V¡ble�S!X!T�h7^!tUP�ToXkh7tUTUP7V�boS!TUP7VWS$h7t
eKTUh7TUP�e©X!q%TUN!Pkh7gcP7S$T�d!bUVWP7w.TUtU}�{cMON!Pkw7N!h.T�VWX!X!jÅh7gcP7S$T�ble
h7tleKX&h.n!TUX!S!X$jkX!n�e|{.QLT�bUS!TUP7Vfh7w7Tle�X!S$tU}�[�bUTUNkX!ToN!P7V�h7gcP7S$Tle
h7S!dRN!h�e�S!XRd!bUVWP.w7T�bUS!TUP7Vfh7w7TUbUX$S\[]bUTUN\N!n!jkh7S�e�{�ª�Tsh.tUt
TUbUjkP�eIbUT�jkX!S$bUTUX!V�euToN!Pºw7N!h.T&VWX!X!j�h.S!d�d!P7qfbUS!P�euToN!P
h7w7TUbUacboTUbUP�e�h7S$d¦w7X$S!acP7V�eKh.TUbUX!S�e�X!q¨TUN$P¥w.N!h7T`VWX!X!j�{
Ç+P7w7X!S$d��uTUN!PÅ��N!h.TUª�gcP7S!T\w7h7S¥h7tle�XÌ^!P¿w7X!S�eKbUd!P7VfP7d
VWP�eK_!X$S�eKbUacP�{ �iN!P7S w7P.VWTUh7bUS h7w.TUbUacbUTUboP�e X!V
w7X!S!acP7V£eKh7TUbUX$S�esTUh7�cPu_!tUh7w7PubUSmTUN!PZw7N!h.TOVWX$X!j�TUN$P
n�e�P7V
N!h�esTUX�^!PuS!X!TUboqWbUP7dm[�bUTUN!boS�hZVWP7tUh.TUbUacPreKN!X!VWT©_!P7VfbUX!dmX!q
TUbUjkP���P�{ g�{�[]N!P7S¤w7P7VWTUh.bUS¤n�eKP7V�e�P7S$TUP7V¨TUN!P¥VWX!X!j�{
��X![�P7acP.V��keKbUS!w.P§S!X�h�eK_!P.w7Tle5X$q�TUN!P¨eK}�eKTUP.j½X!V�ToN!P
P7S!acbUVWX$S!jkP7S!TÑw7h7S ^!P w7X!S�eKbUd!P7VfP7d w7VWbUTUbow7h7tl�ÄToN!P
VWP�eK_!X$S�eKbUacP7S$P�e|e5h�e�_!P7w7T
N!h�e5S$X!T�VWP.w7P7bUacP7d�TUN!P�e�h7jkP
h7TUTUP7S$TUbUX!SÌh�e­TUN!P X!TUN!P.ViTUN!VfP7PÒh�e�_!P7w7Tle�{�MON!bUVWd���ToN!P
��N!h7TUª]gcP7S!Tzw7h7SËjkX�e�Tzd!P7qWbUS$bUTUP7tU} ^!PÑw7X!S�eKbUd!P7VfP7d
_!VWX!h7w.TUbUacP�{`QKT¸eKn!gcgcP�e�TleÌX!VÄVWP7w7X!jkjkP.S!d�eÌach7VWbUX$n�e
h�eK_!P7w.Tle�X!qOh7w7TUboa+boTUbUP�e�VWP7tUh7ToP7d�TUX
TUN!P�w7N!h7T�VWX!X!j�{.M¡N!P�eKP
VWP7w7X!jkjkP.S!d!h7TUboX!S
h7VfP�S!X$T�bUS$bUTUbUh7ToP7d
^$}�bUS!_$n!T�qfVWX!jÒToN!P
n�eKP7V�� ^!n!Tkh.VWP­w7X!S!TUboS!n!X!n�e�tU}¬eKn!gcgcP�eKToP7d�^!}`TUN!P­n�e�P7V
h7gcP7S!T�^!h�eKP7d X!S¬TUN!P�h7gcP7S!Tlern!S!d!P7V£eKTUh7S!d$bUS!gyX!qvToN!P
n�eKP7V�{]Â;X!n$VWTUN��]TUN!P�tUh�eKTIw7VWboTUP7VWbUX$S¬ble�TUN$h7T5TUN!P�h7gcP.S!T
eKN!X!n!todz^!P�eKX!w7bUh.tl{kMON!P¨��N!h7TUª]gcP7S!T�bUS!TUP.VWh7w7Tle«[�boTUN
^!X!TUNvh�n�eKP7V�h.S!dvX!TUN!P.V�h7gcP7S!T~e�bUSvX!Vfd!P7VBTUXrjkh7�cP5ToN!P
^!P�eKT;VfP7w7X!jkjkP7S!d$h7TUbUX!S�e|{7MON!P�h7gcP.S!T�w7h7Skw7X$jkjkn!S!bUw7h.TUP
with

TUN!Piw.N!h7T&VWX!X$j�h7gcP7S!T&ToX�VWP7w7P.bUacPºbUS!qfX!VWjkh7TUboX!S
h7^!X!n!T�h.w7TUbUacbUTobUP�e©bUS5TUN!Pkw.N!h7T�VWX!X!j��c^!n!T�bUT�bleOh7tleKXuh7^$tUP



TUX�w7X!S!TUh.w7T�X!TUN!P.V%n�eKP7V%h7gcP7S$Tle©qWX!V%bUS$qWX!VWjkh7TobUX!S�{ ��h�eKP7d
X!SyToN!P�qWX!n!Vrw.VWbUTUP7VWboh�qWX!Vrh7gcP7S$Tle|�B[]P�w7X!S�eKbod!P7VrTUN!P
��N$h7TUª�gcP7S$T�h.SYh.gcP7S!Tl{

5. CONCLUSIONÇ+X$qWTU[�h7VfPmh.gcP7S!Tle�N!h7acP�_!VWX$acP7S«n�eKP7qWn!tph7S!d\_!X![]P7VWqWn!t
bUSzjkh.S!}Åw7X!jk_!n!ToP7V

-̂
!h�eKP7dzP.S!acbUVWX!S$jkP7S!Tle|{kª�T�tUP7h�eKT

jkh7S$}ËVWP�eKP7h.VWw7N!P7V£eÄh7S!dË_!VWh.w7TUbUTUboX!S!P7V�e¥N$X!tUdËN!bUgcN
P7�$_!P7w7TUh.TUbUX!S�eIqWX!V�qfn!TUn!VWPih7gcP7S!T

-̂
!h�eKP7d eK}�e�TUP7j�e|{ M¡N!P

h7_$_!tUbUw7h.TUbUX!S�X!q­eKX!qWTU[�h.VWP§h.gcP7S!Tle\eKP7P7j�e�TUX�^!PiacP7Vf}
_!VfX!jkbleKbUS$gY[]bUTUNkVWP�eK_$P7w7T�TUXkP7S$N!h7S!w7PBToN!P�n�eKP7qWn$tUS!P�e|e�X!q
TUN$P�QKS!TUP7VfS!P7T¡^$}IbUd!P7S!TobUqW}cbUS!g���qWbotUTUP7VWboS!g��!h.S!dIVWP7ToVWbUP7acbUS$g
bUS$qWX!VWjkh7TobUX!SkX!SkTUN$P�^$P7N!h7tUq�X$q�TUN!PBn�eKP.V�e|{�ª�S$n!jk^!P7V�X!q
_!VfX!_!X�eKh.tle¿qWX!Vzh7gcP7S$T

-̂
!h�eKP7d�h._!_!tUbUw.h7TUbUX!S�e¿qWX!VzTUN!P

QKS!TUP.VWS!P7T�N!h.acPkh7tUVWP7h7d$}Z^$P7P7S5d!P�e�bUgcS!P7d5h7S$dZP.ach7tUn!h7ToP7d��
^!n$TpToN!P�qWn!tUtU}«n!TUbUtob � h7TUbUX!S\X!q5eKX!qWTo[�h7VWPmh7gcP7S!T~e�X!S\TUN!PQKS!TUP.VWS!P7T5N!h.acP�S!X!T5^!P7P7SyP.�!_!tUX!VfP7d�{Bª]gcP7S!Tle�w7h7S¨^!P
P�e�_!P7w7bUh.tUtU}�n�eKP.qWn!t&bUS�P.S!acbUVWX!S$jkP7S!Tleu[]N!P7VWPºw.N!h7S!gcP�e
X!w.w7n!V°qWVWP7�$n!P7S!T�h7S!du[�N!P.VWPIeKTUVWP7h.jkbUS!gZX!q°bUS!qWX!Vfjkh7TUbUX!S
ble�_!VWX!acbod!P7d�{�M¡N$bleBble�TUN!P�w.h�eKP�boS�w7N!h.T�VWX!X!j�eB[�N!P7VWP
n�e�P7V�e�P7S!gch.gcPBbUSkw7X!S!acP7V£eKh7TUbUX$S�e�X!Skach7VWboX!n�e�TUX!_$bUw�e�h7S!d
[�N$P7VWPkbUT�ble©bojk_!X�e|eKbU^$tUPkTUX5qWX!totUX![yh7S!d5n$S!d!P7V�e�TUh7S!duh7tUt
w7X$S!acP7V�eKh.TUbUX!S�e�h7T�h.tUt�TUbojkP�e|{�M¡N!b~e jkh7�cP�e¸bUT�h
w7N$h7tUtUP7S$gcP�qfX!VRjkX�eKT�n�eKP7V�e«TUXÅbUd$P7S!TUbUqf} h7S$d¿toX!w7h7TUP
bUS$TUP7VWP�e�TUbUS!gYqWtUX![Ze�X!q�w7X$S!acP7V�eKh.TUbUX!S�e�{

�§PYN$h7acP�TUVWbUP7duTUXZw7X!S!ToVWbU^!n!ToP�TUXZTUN!PYVWP�e�P7h7VWw7NZh7S!d
d!P.acP7tUX!_!jkP.S!Tr[�bUTUN!boSzh7gcP7S!T

-bas
P7d�eK}�eKToP7j�e\X!SzTUN!P

QKS!TUP.VWS!P7T&^$}�X!n!VId!P�e�bUgcS�X!q5��N!h.TUª�gcP7S!T~{%M¡N$bleZh7gcP7S!T
eKX$tUn!TUbUX$S\ToVWbUP�e�TUXRP7S!N!h.S!w7P�TUN!P�n�eKP.qWn!tUS!P�e|e�X!q�acboVWTUn!h7t
w7X$jkjkn!S!bUTUboP�eÑh7S!d w.N!h7T¾VWX$X!j�eÑ^!} jkX!S!boTUX!VWbUS$g
w7X$S!acP7V�eKh.TUbUX!S�e boS w.N!h7T VWX!X$j�e h7S!d jkh7�cbUS$g
VWP.w7X!jkjkP7S!d$h7TUbUX!S�e�TUX�n�e�P7V�e|{

MON!VWP7Pr_!X$TUP7S!TUbUh.tB_!VWX!^!toP7j�eYX!Vkble|e�n!P�eYqWX!VkacboVWTUn!h7t
w7X$jkjkn!S!bUTUboP�e�N$h7acP
^!P.P7S�bod!P7S!TUboqWbUP7d �Ïh�e VWh7ble�P7d�boS�TUN!P
bUS$TUVWX!d!n$w7TUbUX!S$µ�{ !�n!V h7gcP7S!T�eKX!tUn$TUbUX!S [�h�e¾_!h7VWTUto}
d!P�eKbUgcS!P7d�h7S!d¸^!n!botUTºTUX¸h.d!d!VWP�e�e�h7S!d¼eKX!toacPzTUN!P�eKP
_!VfX!^!tUP7j�e�{BÂ;bUV£eKTl�BN!X$[�w7h7Sy_!P7X$_!tUP�^!P�tUboS!�cP7d¨[�bUTUN
X!ToN!P7V�e&h7S!dº[�boTUNºw7X!jkjkn!S$bUTUbUP�ekTUN!h7T
e�N!h7VWPvToN!P§eKh7jkP
inte
VWP�e�Tle|Æ���N$h7TUª�gcP7S!T�h7^!tUPºToX�bUd!P7S$TUbUqW}�w7N$h7TkVWX!X!j�e

[�boTUNRe�bUjkbUtUh7Vp_!VWX$qWbUtUP�e h�e%ToN!P�n�e�P7V h7S$d�TUN!P.VWP7^!}IVfP7tUh7TUP
h7S$dxtUbUS!�z_$P7X!_!tUP¬ToX!gcP7TUN!P.V�{�ÇcP7w7X!S!d��&N!X$[ TUXxgcbUacP
eKn$_!_!X!VWT�qWX!VÐacbleKn!h7tUb � bUS!g�h7S!d eKN!h7VWboS!g�w7X!jkjkX!S
w7X$S!TUP7�!T~e|�`h�eÌ[�P7tUt¿h�e�bUd!P7S$TUbUqW}cbUS$g¹TUN!P qWtUX$[ X!q
w7X$S!acP7V�eKh.TUbUX!S�epX$VBd!bleKw7n�e�eKbUX!S�e�ÆYM¡N!P5h7gcP.S!T%blesh7^!tUPuTUX
qWX$tUtUX![ h7S!d\e�h7acP�w7X!S$acP7V�eKh7TobUX!S�e�bUS�w7N$h7T�VWX!X$j�e°[�N!P7S
TUN$P]n�eKP.V¡ble�S!X!T;_!VfP�eKP7S!T;boS&TUN!P�w.N!h7T;VWX$X!jyX!V�[�N$P7S&TUN!P
n�e�P7V§b~eºS!X$T«qWn$tUtU}�w7X$S!w7P7S!ToVWh7TUP7d�{�QKSÌh7d!d!bUTobUX!S��
TUN!P
d!P.qWbUS!bUTobUX!S X!q eKn!^(¶·P7w7Tle jkh7�cP�e TUN$P d$bleKTUbUS$w7TUbUX!S
^!P.TU[�P7P7S�w7N!h7TOVWX!X!j�e�jkX!VWP�P.�!_!tUbUw.bUT¡h7S$dIw7tUP7h.V�{!MON!bUVWd
h7S$d&qWbUS!h.tUtU}��.N!X![�TUX&bod!P7S!TUboqW}kTUN!P�X$^(¶~P7w.TUbUacP�e�h7S$dkVWX!tUP�e
X!qpw7X!jkjkn$S!bUTUbUP�e�h7S!d�bUS!d!boacbUd!n!h7t~e|ÆBMON!P�n�e�P7V h7gcP.S!T¡ble
h7^$tUPITUXvjkh.TUw7Nv_!VfX!qWbUtUP�eBX!q�TUN!P�n�eKP7VB[�boTUNr_!VWX!qfbUtUP�epX!q
X!ToN!P7V]n�eKP7V�e�bUS�TUN$PIw7X!jkjkn!S!boTU}�{;ªZe�bUS!d!bow7h7TUP7d�bUSvTUN!P
TUh.^!tUP�ToN!P�qWboV�eKT b~e|eKn!P�X$q]^!VWboS!gcbUS!gv_$P7X!_!tUP�TUX!gcP7ToN!P7V�ble

eKX!tUacP7du^!}ZN!h7acboS!g
n�e�P7V�eObUSuTUN!P5eKh7jkPYw7X!jkjkn!S$bUTU}�h.S!d
^!}vVWP7w.X!jkjkP7S!d!bUS$gvTUN!P7j�TUX�acble�bUT w7N$h7T VWX$X!j�e�[�N!P.VWP
TUN!P7}
[�bUtUt�qWbUS!dZX!TUN!P.VOn�e�P7V�e�N!h7VWbUS$g�TUN!PueKh7jkP�bUS!TUP7VfP�eKTle|{
��h7TUw.N!bUS!g­TUN$Pv_!VWX!qWbotUP�e�X!q�n�eKP7V�eYd$X!P�eYTUN!b~e|{ Ç+P.w7X!S!d��
jkX�eKT�n�eKP.V�e©h7VWPkbUS�eKN$X!VWTUP7V%X$V©toX!S!gcP7V°TUbUjkP�h7[]h7}
qfVWX!j
TUN!P�QKS!TUP7VfS!P7T5jkh7�cbUS!g¨bUT5d$bUqWqWbUw.n!tUT5X!VrbUjk_$X�e|eKbU^$tUP`TUX
bUd!P7S!TobUqW}I_!h�eKT¡h7S!d�w7n!VWVfP7S!T¡w.X!S!acP7V�e�h7TUbUX!S�e|{!� N!h7TUª�gcP.S!T
h7d!d!VWP�e|eKP�e TUN!b~eÒ^!} N!h7acboS!g¼}cX!n$V _!P.V�eKX!S!h.t�h7gcP.S!T
jkX!S!bUTUX$VWbUS!g¨TUN!P�h7w.TUbUacbUTUboP�emh7S!dyw7X$S!acP7V�eKh.TUbUX!S�emP.acP7S
[�N!P7Sk}cX!nkh.VWP�h7[�h7}�{(MON!bUVWd���h7gcP7S!Tle�bUS���N$h7TUª�gcP7S$T�w.h7S
w7X!S!TUh.w7T;X!TUN$P7V�h7gcP7S!T~e�h7S!d&w.X!jkjkn!S!bUw.h7TUP�[�boTUN&TUN!P.jybUS
X!VWd!P7V�TUXRqWboS!dRX!TUN!P7VYn�eKP7V£e�h7S$d«w7X$jkjkn!S!bUTUboP�e|��[�N!bow7N
jkh7TUw7N\TUN!Pm_!VWX!qWbotUP�X$q�TUN$P�n�eKP.V]h7S!d«[�bUTUN«_!VWX!qfbUtUP�e�X!q
w7N!h7T�VWX!X$j�e|{

Ç+TUbUtUtÑ_!toP7S!TU} X!q�qWn!VWTUN$P7V�VWP�eKP7h.VWw7N w7h7S ^!P
w7X!S!d!n$w7TUP7dÐ[�bUTUN!bUSÐTUN!ble¬qWbUP7tod�{�!�S!P¸X!^$acbUX!n�e¨h.S!d
stra
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