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Dynamism

Effectiveness of a bdi-pomdp agent

p = 0
p = 1
p = 2
p = 4

p = 1 (k&g)
p = 2 (k&g)
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Dynamism

Commitment of a bdi-pomdp agent
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Dynamism

Cost of acting for a bdi-pomdp agent

p = 0
p = 1
p = 2
p = 4

º�¹·¾ ºNA�¾

����� ¤+~C¤ º�¹·¾�¹ejkS4W2V
¨
S%f<]rZ�Z�gªX7Z�S<[\X�sqS4jkS<sL^B]
W©V�»c¼A½�
�È0ÉAÊ®¼CÈoV ¨rS<[\X«{ ¥�¦ S%f<]
Z�Z�ghX7Z�S4[?X�shS<jkS<s
ghleUbsh]
XYX7S<§NV
l©Vµ^Bac[bf4X7gh]r[�]
^�X ¦ S�§?mc[bV
Z�ghlYZ ] ^GX ¦ S ¬ ] W7sq§ ¬ ghX ¦ UcsqV
[b[cgh[b¨~f<]
l�Xµº�§0S<[b] X7S«§�°\mf:¾�] ^}f?z)drz�jÄV
[b§�Óc{®ºNA�¾�¹©jkS4W2V ¨rSof<]rl�Xµ]
^TV
f4X7gh[c¨ù^J]
W'VÄ»b¼C½1
±ÈcÉCÊ®¼AÈ�V
¨rS4[?X«{ ¥�¦ S�f4]rl�X~] ^
V f4X7gh[b¨���X ¦ Sµ[?abZ|°:S4WT] ^�X7ghZ�Sµl�X7S4UblTX ¦ V X·X ¦ S~V
¨
S<[\X%Z�]�jkS<l��­ghl%Ubsh]
XYX7S<§�V l%Vo^Jab[bfQX7gq]
[�] ^
X ¦ S%§0m0[bV
Z�ghlYZ ]
^�X ¦ S ¬ ] W7sq§ ¬ gªX ¦ UbsqV
[c[bgh[b¨µf<]rl�X�º�§cS4[b]
X7S<§
°\m�fL¾�]
^7f?zid
zvjµV [>§�Óc{

D EB-?Ý�H0/<-\1QDr@ÄÝ�D EJH\û�ã«ø Ø =L/·D�ü:ÜLEB-?6A-\1Q3JH06ùÙ�H0/T1Q;C3JP·HcÝCP2D
/Qý\-?1Q3JH06Ä3BPT1Q;C-?1�P2HcEÀý>3J6LK'14;LD'àAá`âÍý
�����|á��.Ù�H0/~H0=C//��â��� "!���#%�bá²@LH0M­-?3J6I@:D
EÀ3Jý0D
/4P~-06ÁH0ÜL1Q3JMN-0E�@:H0M­-?3J6Ë@:D Ü�D 6C@LD 6b1�/QD Þ
9�H06AP23B@:D /<-\143ÀHc6�P714/4-?1QD KcÛI�:1Q;LD
H0Ü:143ÀM­-0E�à�á¯âÍý9������á���Ü�H0EJ3J9 Û�EJD�1<P�14;LD
-0K0D
6c1�@LD EJ3ÀÝ�D /<-\14D
û%;LD 6N-µ;LH0EJDT-0ÜLÜ�D
-?/<P`1Q;C-?1�3JP�9 EÀHbP2D
/`14;C-?6
1Q;CDT3J6b1QD
6C@:D
@�;LHcEÀD~ß�ÝC=:1®6LH?1�Hc6o14;LD·ÜC-\14;o14H
1Q;LD~3J6c14D 6C@LD
@�;LH0EJDrã�õ>-06C@�û%;LD 6ù1Q;LD~3J6c14D 6C@LD
@�;LH0EJDµ@L3JP4-?ÜLÜ�D
-0/4P
ø?�~3À6C6bÛÄ-06C@��µD
H0/4K0D ÿ
ó ô?÷C9�H06A9�EJ=C@:D
@o1Q;A-\1®3À1®3JP�Ý�D
P21�Ù�H0/®-06�-0K0D 6b1�1QH�/4D
9 H06CPQ3J@LD /�û%;LD 6­-~9�EJHcPQD /�;LHcEÀD%-?ÜCÜADr-?/<P
H0/eû%;CD 6­14;LD�3J6b1QD 6A@:D
@­;CH0EJD�@:3BPQ-0ÜLÜADr-?/<P øPETD
PQ3J@:DrP�14;L3JP©H0ÝAP2D
/Qý\-\143ÀHc6�õ?ûTD�PQD D�3J6/,�3JK0=L/4D
ôCßTOµã`1Q;C-?1®H0=L/eà�á¯âÍýS�����|á���-?KcD 6b1�3JP�-0ÝLEJD©14H'@:D�14D /4MN3À6LD%3À14P�ÜCEJ-06N9 H0MNMN3q14MND 6b1e-\1�/4=L6
1Q3JM�DcõC@:D
ÜAD
6C@:3J6LKNH06�1Q;LD�P214-\14D~H?Ù¯14;LD~D 6>ý>3À/4H06CM�D
6b1
ø?�·;L3BP%-?ÝL3JEÀ3À17Ûù9 H06b1Q/43ÀÝC=:1QDrPe14HN3À6:Þ
9�/4D
-0PQ3J6LK~1Q;LD|-?K0D
6b1�� P�EÀD
ý0D
ECH?Ù�-0=:1QHc6LH0M
Û0õcPQ3J6C9�D�3À1eÜL=AP2;LDrP�14;LD|9<;LHc3J9 D%H?Ù¯9 H0MNMN3q14M�D
6b1
EÀD
ý0D EtÙ�/4H0M�@:D
PQ3ÀKc6�1Q3JM�D~14HN/Q=L6�143ÀMND0ø

Ø =L/ND�ü:ÜAD
/Q3JMND 6b14-0E%/QDrP2=CEq1<P­9�H06LúC/QM 1Q;LD�/4D
PQ=LEÀ14PNH0ÝL14-?3J6LDr@ 3J6åÜL/QD
ý>3ÀHc=CPN3À6>ýcD
P21Q3ÀÞ
Kc-\143ÀHc6CP�H06þP2D
EÀDr9«143À6LKë-06å3J6b1QD
6c143ÀHc6 /4D
9 H06CPQ3B@:D /<-\143ÀHc6²P714/4-?1QD
K0Û ó ôLõQöCõ3�\÷¦��1Q;CD.-?K0D
6b1�� P
D�ÿtD
9«143ÀýcD 6LDrPQPµ-?6A@�EÀD
ý0D
E`H0Ùe9�H0MNMN3À1QMND 6b1~ÝAH01Q;I@LD
9�/4D
-cP2D
-0P�1Q;LDN@:Û>6C-?MN3BP2M Hc/�ÜLEB-?6:Þ
6L3À6CKµ9 HcP21�3J6C9�/4D
-cP2DrP õr-?6C@'1Q;LD%9 HcP21�H0ÙA-09�1Q3J6LK|@:Dr9�/4D
-cP2DrP`-cP�14;LD%@:Û>6C-?MN3BP2M Hc/`ÜLEB-?6C6L3À6CK
9�HcP21%3À6A9�/4D
-0PQD
P
ø

F ;LD /4D
-cP'14;LD�Ù�H>9 =CPNH?Ù|ÜL/QD
ý>3ÀHc=CP�/QDrP2Dr-?/<9<;ëûT-cP
Hc6²3J6>ý0D
P21Q3JKc-?1Q3J6LK.14;LD�D�ÿtD
9�1Q3Jý0D�Þ
6LD
P4P·H?Ùe��R>è<î|P21Q/<-\14D Kc3ÀDrP©3J6�@:3qÿtD /4D 6b1�D
6bý>3J/QHc6LMND 6b14P
õb1Q;LD�-03ÀM H0Ù¯14;LD�3À6>ýcD
P21Q3JKc-\143ÀHc6ù3J6
1Q;L3BP·ÜC-?Ü�D /%3BPT1QHN3JEÀEJ=CP21Q/<-\14D|14;LD�-?ÜLÜCEÀ3B9 -0ÝL3ÀEJ3À17ÛÄH?Ù�H0=L/�à�á¯âÍý9������á���M�H:@:D
Enøi�~3À6L6>ÛÄ-06C@
�µD H0/4K0D ÿ ó ô\÷¯;C-kýcD�3À6A9�EJ=C@:D
@�D
MNÜL3À/43B9 -?E`/QDrP2=CEq1<P·Ù�H0/�-06.-?KcD 6b1·1Q;C-?1|/4D
9�Hc6CPQ3J@:D
/4P·ÝA-0PQD
@
H06�1Q;LD­H:9
9�=L/4/QD
6C9�DNH0Ù·9 D /Q14-?3J6ËD ýcD 6b14P~3J6�1Q;LDÄD
6>ýb3J/4H06LMND 6b1Äß�PQD D.ó ôLõ¯ÜCö��k÷%,`3JK0=C/QDrP�ö
-?6C@���Ù�Hc/&zUwAF�-?6A@�zUw�Jcõ¯/4D
PQÜADr9«143ÀýcD EJÛ:ã�ø��·;LD
3À/
9�H06A9�EJ=CP23JH06ËÙ�/4H0M 1Q;LDrP2D�/QDrP2=CEq1<P
ûT-cP�14;C-\1�3À1~3BPµÝADrP71~Ù�Hc/~-06I-0K0D 6b1µ1QH�/QDr9�Hc6CP23B@:D
/|û%;LD
6Á14;LD­-?KcD 6b1|HcÝCP2D
/QýcD
P�1Q;C-?1µD
3qÞ
1Q;LD
/�-�9 EÀHbP2D
/·;LH0EJD�-?ÜLÜ�D
-0/4PTH0/T14;LD�3À6b14D 6C@:Dr@�;LH0EJDµ@L3JP4-?ÜLÜ�D
-0/4P
õL-0PTMND 6b143ÀHc6LD
@�-?Ý�H\ý0Dcø
FIDµ3ÀMNÜLEJD MND
6c14D
@ù1Q;L3BP·P714/4-?1QD
K0Û�Ù�H0/T1Q;CDµ-0K0D 6b1T3À6�H0=L/T1QDrP714ÝADr@ù-06C@ÄÛ>3JD EB@:D
@ù3J@:D
6b1Q3B9 -?E
/QDrP2=LEÀ14P
ø0F�DµH0ÝCPQD /4ý0Dr@o14;C-\1·-?6ù-0K0D
6c1®=AP23J6LKoHc=L/Tà�á¯âÍýS�����|á��ÄM�H:@:D
EAÜ�D /QÙ�H0/4M­P®Ý�D�1Q1QD /



1Q;C-06Ä1Q;CD~-0K0D
6c1T=CPQ3À6LK
1Q;CDµMND
6c143ÀHc6LD
@ÄúLü:D
@�P714/4-?1QD KcÛNû%3q14;�-o/QDr-?EJ3JP21Q3B9�ÜCEJ-06L6L3J6LK
9 HcP21
ß�z²·ÿF0ã�øiî�-ký>3J6LKÄ9�HcMNÜC-?/4D
@�Hc=L/�/4D
PQ=LEq1<P%14H­1Q;LD
/QDrP2=CEq1<P�H?Ù�úLü:Dr@.P714/4-?1QD
K03JD
P
õLû©D
9�H06LÞ
9�EJ=C@:D'14;C-\1rõA-cP�MND 6b1Q3JH06CD
@�-?Ý�H\ý0DcõL3J6.D�ÿtD
9�1
õCHc=L/|-0K0D
6c1�3J6C@:D
D
@.-c@:H0ÜL14P%14;LDoP21Q/<-\14D K0Û
1Q;C-?1�@:D EJ3ÀýcD /<PTMN-?ü:3ÀM
=LM D ÿ�Dr9«1Q3Jý0D
6LD
P4P
ø

(Y6³1Q;CD�9 H06b1QD ü>1�H0Ù��%è9RcäT� ñÀèNP714/4-?1QD
K03JD
P
õ`ûTD�9 H0MNÜC-?/4DùHc=L/N/QDrP2=CEq1<Po14HÁ14;LD�/QDrP2=CEq1<P
Ù�/QHcM�ó �\÷�õeû%;LD
/QD.1Q;LDID�ÿtD
9«143ÀýcD 6LDrPQPùH?Ù'-?6 -0Eq14D /46C-\143ÀýcD5�CD ü>3JÝLEJDÁP21Q/<-\1QD
K0Ûcõ®ÝC-0PQD
@þHc6
@:3JP49�/4D�14DÄ@:D EJ3JÝAD
/4-?1Q3JH06ËPQ9<;LDr@:=LEJ3À6CK³ó �k÷±õG3BP�D�ü:ÜLEJH0/4D
@�ø7�·;LD­M­-?3J6Ë9 H06C9 EÀ=AP23JH06�û©DÄ@L/4-kû
Ù�/QHcM 9 H0MNÜC-?/43J6LK·1Q;LD©/QDrP2=CEq1<PGÙ�/4H0M 1Q;LDe17û©H�P21Q/<-\14D Kc3ÀDrPG3JP�1Q;C-?1¯14;LDeD
M�ÜC3À/43J9
-?EcH0=:1<9�H0MNDrP
-?/4D©-?6A-?EJH0K0Hc=CP
øs�©H0MNÜC-0/Q3J6LK�1Q;LD·K0/<-?ÜC;CP�Ù�/4H0M ,�3JK0=L/4D�F·1QHµ14;LD©/4D
PQ=LEÀ1�Kc/4-0ÜL;CP¯Ù�/QHcM ó �?÷±õ
û©D�HcÝCP2D
/QýcDµ1Q;C-?1�1Q;LD
-?K0D
6b1�� P%D�ÿtD
9�1Q3Jý0D 6CD
P4P%3JP�K0D 6CD /<-?EJEÀÛÄ;C3ÀKc;LD /%Ù�Hc/�H0=C/|àAá`âÍý9������á��
M�H:@:D
E
�©û%;LD 6 ûTDÁ9 H0MNÜC-?/4D�1Q;LDIK0/<-?ÜL;AP�Ù�/QHcMí,�3JK0=L/4D.ôCß
E·ãN1QHë14;LDÁ9�HbP71�H?Ù'-09�1Q3J6LK
K0/<-?ÜL;CP�Ù�/QHcM ó �\÷�õ¯ûTDùPQD D­14;C-\1
1Q;LD�9�HcP21oH0Ù%-c9«143À6LKÁ3JPoEÀH\ûTD /'H\ýcD /<-?EJE�3À6³1Q;LDù@L3JP49�/4D�14D
@:D EJ3ÀÝ�D /<-\143ÀHc6NM�H:@:D
Enø§î�H\ûTD ý0D
/
õ\3J6NH0=L/TàAá`âÍý9������á���MNH:@:D
Enõ\14;LD�EJD ýcD E:H?Ù�9 H0MNMN3q14M�D
6b1
3JP©MNH0/4D�9�Hc6CP71<-?6b1
õ>PQ3À6C9 D�14;LD~à�á¯âÍýS�����|á��­-0K0D
6c1$� PT@:Dr9�3BP23JH06­MND
9<;A-?6L3BP2M @:D
ÜAD
6C@LP©EÀDrPQP
H06�ÜL/QDr@:3B9«1Q3JH06AP·H?Ù�-?ÜLÜ�D
-0/4-06C9�DrPT-06C@�@:3JP4-?ÜCÜADr-?/<-?6C9 D
PTH?Ù�;LH0EJD
P
ø

� : ×9<>ÖGÕ¼<-<>×7ÓeÐ

(Y6�14;L3BP�ÜC-0ÜAD
/%û©D�ÜL/4D
PQD 6b14D
@�-�Ù�H0/4MN-0EÀ3BP4-\1Q3JH06�H?Ù�1Q;CD�3À6b1QD
6b1Q3JH06�/QDr9�Hc6CP23B@:D
/4-?1Q3JH06ùÜC/QH0Þ
9�D
P4P�3J6Ià�á¯â�-?KcD 6b14P�ÝC-0PQD
@�Hc6�1Q;LDo1Q;LD
H0/4Û�H0Ù%�����|á���ÜCEJ-06L6L3J6LKCøI�·;LD'MNH?143Àý\-?1Q3JH06�Ù�Hc/
1Q;LD�Ù�H0/4M­-?EJ3JPQM 3JP|14;C-\1oà�á¯â�-0K0D 6b1<P�3J6Á/4D
-0E�ûTH0/4EB@.-?ÜLÜCEÀ3B9 -?1Q3JH06Á@:HcM­-?3J6CPµ;C-ký0Do1QH�/QD Þ
9�H06AP23B@:D /~14;LD 3J/'3J6b1QD 6b143ÀHc6CP~D�hÄ9�3JD 6b14EÀÛI3À6ËH0/<@:D
/~1QH�Ý�DÄ-0P~D�ÿtD
9�1Q3Jý0DÄ-cP~ÜAHbPQPQ3ÀÝCEÀDcø7(�1'3JP
3ÀMNÜ�H0/Q14-?6b1�1Q;A-\1®/4D
9�Hc6CPQ3J@:D
/4-?1Q3JH06';A-?ÜLÜ�D 6CPe-?=:14H06LHcM�Hc=CPQEÀÛcõkPQ3J6C9�D%-?6­-0K0D 6b1$� P�9�HcMNM�3À12Þ
M�D
6b1©14Ho3À14P©14-cP2Ú:PT9<;C-?6LKcD
P©@:D Ü�D 6C@L3À6LK�H06ù;LH\û 3q1<PTD 6>ý>3À/4H06LMND
6c1T9<;C-?6LKcD
P
ø§�·;LDµM­-?3J6
9�H06b14/Q3JÝL=:143ÀHc6�H?ÙLH0=C/`MNH:@:D Eb3BP�14;C-\1�û©DT@:D EJ3ÀýcD /�-%MND�14-�EÀD
ý0D
Eb-06C@'@:HcMN-03À6�3J6C@:D
ÜAD
6C@:D
6c1
Ù�/4-0M�D
û©Hc/QÚÄ9
-?ÜC-0ÝLEJD�H?Ù�ÜL/QH:@:=A9�3J6LKNH0Ü:143ÀM­-?E¯/QDr9�H06AP23B@:D /<-\143ÀHc6�Ü�H0EJ3B9�3JD
P%3J6�-Nýk-0/Q3JD�17ÛùH?Ù
@:H0M­-?3J6CP
ø%�·;LD�MNH:@:D ENï4ðcð�ñhä�è�í/�����|á��åÜLEB-?6C6L3À6CKË1QH³-?KcD 6b14P���3J6þ1Q;L3BP­ÜC-0ÜAD
/Äû©D.@LH
6LH?1%3J6býcD
P21Q3JKc-?1QD�;CH\û 3À6b14D 6b1Q3JH06CP%9
-?6�9�H06b14/Q3JÝL=:14D�14H�DQhÄ9�3JD 6b1QEJÛùPQH0EJýb3J6LK�������á��LP õ>ÝL=:1
/QD
Kc-?/<@ùPQ=C9<;�-?6�3À6>ýcD
P21Q3JKc-\143ÀHc6�-cP·3ÀMNÜ�H0/Q14-?6b1%Ù�=L/Q1Q;CD /%ûTH0/4Ú�ø
(Y6 14;LD.ûTH0/4ÚëÜL/4D
PQD 6b1QDr@Gõ®ûTD.P2;LH\û 1Q;C-?1Ä1Q;CD�D 6>ý>3À/4H06LMND
6c1<-?E%ÜL/4H0Ü�D /Q1Q3JD
PNH0Ù~@LÛcÞ

6C-?MN3BP2M�õ�H0ÝCPQD /4ý\-?ÝL3JEÀ3À17Û�-06C@�@:D 1QD /4MN3À6C3JPQM�-?/4D'9�/4=C9�3B-?E¯Ù�H0/|-06.-?KcD 6b1�� P�/<-\14D'H?Ù�3J6c14D 6:Þ
1Q3JH06./4D
9 H06CPQ3J@LD /<-\1Q3JH06¯ø Ø =L/�Ù�Hc/QM­-?EJ3BP2M 14-?ÚcD
P|-?EJE¯MND 6b1Q3JH06CD
@�D 6>ý>3J/QHc6LMND 6b14-0E�ÜL/4H0Ü�D /QÞ
1Q3JD
P%3J6b1QH­-09
9�H0=C6c1rõ:-?6C@�1Q;CD Û­Ù�Hc/QM 1Q;LD�ÝC-cP23BPTH?Ù�1Q;LD'@LD
9�3BPQ3ÀHc6�MND
9<;A-?6L3BP2M H?Ù¯14;LDoà�á¯â
-?K0D
6b1
øIO @:3BP7143À6A9«1Q3Jý0DN9�HcMNÜAHc6LD 6b1|3J6.14;LD­àAá`â�-?K0D
6b1µ@:Dr9�3B@:D
P|û%;LD�14;LD /|1QH�/4D
9�Hc6CPQ3J@:D
/
H0/%6LH01
õL-?6A@�ûTD~=CPQD~1Q;LD�������á��ùÙ�/4-0M�D
û©Hc/QÚ�14HÄ@:D�14D /4M�3J6LD'-06�HcÜ:1Q3JM­-?EG/4D
9�Hc6CPQ3J@:D
/4-?Þ
1Q3JH06.P21Q/<-\1QD
K0Ûù1Q;C-?1�3JP�=CPQD
@�Ù�H0/|3ÀMNÜLEJD MND
6c143À6CK­1Q;L3BP�9 H0MNÜ�H06LD
6c1røCF�DoEJD
-kýcD�H0Ü�D 6�1Q;CD
¿c=CD
P21Q3JH06�û%;LD�14;LD /'-�PQ3ÀMN3JEJ-0/�/QDrP2=LEÀ1'9 -06ÁÝ�DÄ-09<;L3JD ýcD
@.Ý>Û�14;LDÄ9�Hc6CP21Q/4=C9«143ÀHc6ÁH?Ù%9�HcM�Þ
ÜLEÀD ü�PQD�¿b=LD
6c143J-0EC-?6A@�9 H06C@L3q143ÀHc6C-?E:ÜLEB-?6AP õ0PQ3J6C9�D·14;L3JP©@:D�úAD
P�14;LD%ý0D
/QÛ'6A-\1Q=C/QD%H0ÙA14;LD|à�á¯â
9�H06A9�D ÜL1
ø�O�àAá`â·-?K0D
6b1'3JP
9�H06A9�D /46LDr@Iû%3À1Q;Ë14;LDùM­-06C-?KcD MND 6b1'H?Ù�PQ3ÀMNÜLEJDÄÜLEB-?6AP'H\ý0D
/
1Q3JM�Dcõ014;>=CPe3À14P©3J6c14D EJEÀ3JK0D
6C9�D|3JPeEÀH:9
-\1QDr@­3J6Ä3q1<PeMND 14-\Þ�/4D
-0PQH06C3À6LK�9
-?ÜC-0ÝL3ÀEJ3À1Q3JD
Pe-06C@­6LH01©3J6
3q1<P%ÜLEB-?6L6L3J6LK­9 -0ÜC-?ÝC3ÀEJ3q143ÀDrP ø

FID~;C-kýcD|PQ;LH\û%6Ä14;C-\1�-?6�-?KcD 6b1·û%;L3J9<;�3JP%@LD
PQ3ÀKc6LD
@�-09 9 H0/<@:3J6LK'14H�Hc=L/TÙ�H0/4M­-?EJ3JPQM�õ
3JP
-?ÝLEJDN1QHÁ@LÛb6A-?MN3J9
-?EJEÀÛ�9<;C-?6CK0DN3q1<Po9 H0MNMN3q14M�D
6b1'1QH.ÜCEJ-06CP'-\1
/Q=L6Ë143ÀMNDcõ¯ÝC-cP2Dr@IHc6
1Q;LDo9 =L/4/QD
6c1�P214-?1QD'H0Ù`14;LD'D 6>ý>3J/QHc6LMND 6b1
ø�ßT(Y6�1Q;LD'D ü:ÜAD
/Q3JMND 6b14P·14;C-\1µ-?/4D'@:D
P49�/43ÀÝ�D
@�3J6
1Q;L3BPµÜC-?Ü�D /rõCûTD
-cPQPQ=LMND
@�14;LD�D 6>ý>3À/4H06LMND
6c1�1QHùÝ�D'Ù�=CEÀEJÛ�H0ÝCPQD /4ý\-?ÝLEJDo-06C@.9�HcMNÜLEÀD 1QD
EÀÛ



-09 9 D
P4P23JÝLEJD0õ�3J6 Hc/4@:D
/o14Hë9�H0MNÜC-0/QD�H0=L/N/4D
PQ=LEÀ14P�û%3q14; ÜC/QD
ýb3JH0=AP
/4D
PQ=LEÀ14P
ø ã	�·;L3BP­-?KcD 6b1
-09<;L3JD ýcD
P
ÝAD 121QD
/­ÜAD
/2Ù�Hc/QM­-06C9�D�1Q;C-06 D ü:3JP21Q3J6LK�ÜLEJ-06L6L3J6LKIÙ�/4-0M�D
û©Hc/QÚ:P
õ`3J6åû%;L3J9<; 1Q;CD
EÀD
ý0D E�H0Ù©ÜLEB-?6�9�H0MNMN3À1QMND 6b1�3JPµ3JMNÜAHbP2Dr@Á=LÜ�H06I1Q;CDN-0K0D
6c1~-\1'@:DrP23JK06Á1Q3JM�Dcø7�·;LD­àAá`âÍý
�����|á�� M�H:@:D
E|;A-0Pù1Q;LDË-0@:ý\-06c1<-?KcD.H\ý0D
/­1Q;LDË@:D
EÀ3JÝAD
/4-?1Q3JH06 P49<;LDr@:=LEJ3À6LK MNH>@LD ENß�-0P
=CP2Dr@�3J6 ó �\÷�ã%14;C-\1~3q1~9�HcM�ÜC=:1QDrPµ-�P2=CÝCP71<-?6b1Q3B-?E�ÜC-0/21µH?Ù�1Q;CD
/4D
9 H06CPQ3J@LD /<-\1Q3JH06�P21Q/<-\14D K0Û
-\1|@:DrP23JK06�143ÀMND0õAû%;LD /4D
-cP�-?EJE¯9 H0MNÜL=:1<-\1Q3JH06AP·Ù�H0/�@LD EJ3ÀÝ�D /<-\143ÀHc6.PQ9<;LDr@:=LEJ3À6CKÄ-?/4D'-\1�/4=L6
1Q3JM�Dcø=(Y6�9�H06b14/4-cP71rõc14;LD'@:D
EÀ3JÝAD
/4-?1Q3JH06�PQ9<;CD
@:=LEJ3J6LK
MNH:@:D
E�3JP%PQ=LÜLÜ�HcPQD
@LEÀÛÄMNHc/QDi�CD�ü:3JÝLEJD
3À6�9<;C-06LK03J6LK
1Q;LD�/4D
9 H06CPQ3J@LD /<-\1Q3JH06�P714/4-?1QD
K0ÛÄ-\1%/4=L6�1Q3JMND0ø

ÙU2�6S2¯Ò=2¯Ð�ÖI2�<

dr{�_©{@A�]
acX7ghshghS4W«z ¥ {AR·S«V [AzCV [>§�d:{v�·V [bÇ?l<{µRTS<f<ghlYgh]r[c´�X ¦ S<]
W7S4X7ghf~UcsqV
[b[cgh[b¨§Ò�d\XYW7abf4X7a0W2V
s¯V
l�´
lYacZ�UcX7gh]r[cl�V [>§�f<]rZ�UcacX2V�X7gq]
[>V s:sqS4jkS4W2V
¨
Sr{D��Å�Ç�Z�Ã'�$`iÅ¦Ì��n���%\9ÄS\���Z¦]3�?zbUbV
¨
S<l}dQ�\v�Ócz�d«v
vrv?{j?{�Æ�{Gd®{GA`W2V X7Z'V [Az`Rµ{r�c{G�nl�W2V
S<sÃz®V [>§ëÆ�{Gd®{G�t]rshsqV
f2ÇL{��¯sqV [bl
V
[>§ÁW7S<lY]ra0W7f<S4´�°:]rac[>§cS<§
U0W2V
f4X7ghf«V sAW7S«V lY]r[cgq[c¨c{g��Å�È'Ï-Ç�_���_°YaÅ�Ã"�$`���ÃP_
\S`Í` YvÎ�\9Ã?]�\Qz§Ó§Ò o�Órv��Bo=	=	\z�d<v=�+�0{o0{%R|{:}%gh[b[\mNV [>§ùÆ�{�lTS<] W7¨rS4¸G{�_�]rZ�Z�gªX7Z�S<[\XeV
[b§ÄSQ¸LS<f4X7ghjkS<[cS<lYlT] ^�lYgªX7a>V�X7S«§ÄV
¨
S<[\X7l<{��±[��Z^Å�]�\5\^W�Y[Ã�Î�Ä¤Å�ÌD_��P\��e��\S` Ì�_�����ÃP_
\9Z�Ã'�Q_°YaÅ�Ã'��`"��Å�Y[Ã§_G��Å�Ã�ÌÑ\9Z5\9Ã?]�\}Å�Ã��%Z�_°Y �á]SY��$`B��Ã§_
\S`[` YvÎ�\9Ã?]�\� �Q�"�V�n�Q�¡ £¢Q¤«zbUbV
¨rS4l:�=j{�B�+�0zCd\mc§c[bSQm\z0¹©abl�XYW2V shgÀV?zid<vrv�dr{

Óc{g�0{Gp�V [b¨0z�p¯{�jrV [�§cS4W ¥ ] WYW7Srz�V [>§(d�{ Â SQmb§0S4WYX«{
i©X7ghshghX2V�W7gqV
[Á§cS<lYgªW7S<l<{p��ÅQÇ"Z�Ã'��`�Å¦Ì��%Ç��
_TÅQÃ?Å�ÈåÅ�Ç�Ä:��Î�\9ÃP_°Ä��QÃ?W�¥ÆÇ"` _°Y�����Î�\9ÃP_$¦PbQÄ�_
\9ÈxÄ7z�j�f�f"dr{ ¥ ]�V UbU:S«V�W«{	?{�Æ�{�d�{"�t]
sqsqV fQÇ
V
[b§­Æ�{��egh[b¨
abS4XYX7Sr{F�n[\XYW7]?§cabf4gq[c¨|X ¦ S ¥ ghsqS ¬ ]
W7sq§=Ò'dGÍcU:SQW7gqZ�S4[?X2V shshmoS<j
V
sª´
abV X7gh[b¨�V
¨
S<[\XµV�W7f ¦ gªX7S<f4X7acW7S4l<{/�±[(�)Z¦Å�]9\5\^W�Y[Ã�Î�Ä�Å¦Ìo_��P\i§)YvÎ���_��R¨���_°YaÅQÃ'�$`���Å�Ã�ÌÑ\9Z5\9Ã?]�\ÀÅQÃ�%Z�_°Y ��]SYN�$`"��ÃP_
\S`[` YvÎ�\9Ã-]�\ � ���n�n�Q�¡ �©3¤�zbU>V ¨rS<l&d{�+o��-dz�rv?zvA�]rl�X7]
[Az:ÆN¹�z�d«vrv�f0{

u0{�¹�{Gd:{e�©V
]ÄV [>§�Æ�{F�t{%lTS<]
W7¨
S4¸G{Ä¹©[�V
°bl�XYW2V f4X�V�W7f ¦ gªX7S<f4X7acW7S�^J]
W�W2V X7gh]r[bV
s�V ¨rS<[\X7l<{ª�±[
_©{��eghf ¦ z Â {bd ¬ V�WYX7]ra0X«zbV [>§SA©{ Ë S<°:S4s�z0S«§0gªX7]
W7l<z��)Z¦Å�]�\�\^W�YÍÃ�Î�Ä¼Å¦Ìn«&Ã-Å+�D`v\^W�Î�\��%\
Ï-Z^\9ÄS\9Ã"�
_��Q_°YaÅ�Ã4��Ã?W��D\¬�QÄSÅQÃPY[Ã�Î � «��g­G�:�¡ +®z¤�zbU>V ¨rS<lDÓ£o
v��sÓ$Ókv?z>d«v
v£j?{

w?{�d:{G�eablYlYS<shsTV
[>§�d�{ Â S4^ÃV sq§C{¯�GW7gq[cf<ghUbshS<l
]
^�Z�S4X2V W7S<V
lY]r[cgh[b¨c{°�%Z�_°Y ��]SYN�$`���Ã§_
\S`[` YvÎ�\9Ã-]9\Qz
Órvcº¦dQ´¡or¾9Ò oru"d3�Bo
v£	?z7d<vrv"d
{�0{�Æ�{%_©{�d?f ¦ acXùV [>§ Æ�{ Â ]\]
sÀ§?W7gq§c¨rS
{±�±[\X7S<[\X7gh]r[²W7S<f<]
[blYgq§cS4W2V�X7gh]r[ gh[þf<]rZ�UcshS4ÍåS4[0j?gª´
W7]
[bZ�S<[\X7l<{²�±[åÆ�{:lTgq[cgµV [>§
�c{n�©]
lYS<[blYf ¦ S<gh[CzTS«§0gªX7]
W7l<z��)Z¦Å�]9\5\^W�Y[Ã�Î�Ä�Å¦Ìm_��§\R³iÅ�Ç�Z9_����Ã§_
\9Z9Ã"��_°YaÅ�Ã"�$`���Å�ÃÑÌ�\9Z5\9Ã-]9\�Å�Ãp�%Ç�_TÅ�Ã?Å�ÈåÅ�Ç�Ä���Î�\9ÃP_°Ä � ��Î�\9ÃP_°ÄS®�©£©=©Q¤«z`UbV
¨
S<l�j�f
v��Bj�d«u?zA�V W7f<S<sh]
[>V0zLd0U>V gh[Az�j�f�f$f0{

v0{�Æ�{\_©{0d0f ¦ acX`V
[b§'Æ�{ Â ]\]
sq§0W7gq§c¨
Sr{���W7gh[cf<ghUbshS<l�] ^Cgq[\X7S<[\X7gh]r[~W7S4f<]r[clYgÀ§0S4W2V X7gh]
[A{��±[/d�{?¹e[c´
§?W7S�V
[>§Äd:{Ld?S<[AzbS«§cgªX7]
W7l<zv�)Z¦Å�]9\5\^W�Y[Ã�Î�ÄåÅ�Ì¼_��P\�³�Y Ì�_��´��Ã§_
\9Z9Ã"��_°YaÅ�Ã"�$`D��Å�Ã�Ì�\9Z^\9Ã?]�\åÅ�Ã-�%Ç��
_TÅQÃ?Å�ÈåÅ�Ç�Ä:��Î�\9ÃP_°Ä � ��Î�\9ÃP_°Ä�®�©£©=¢Q¤«zLÆ�]r[\XYW7S«V sÃzL_�V
[bVr§cV0zvjQf$f�dr{

dÑf0{�Æ�{ Â ]\]rsq§0W7gq§0¨rS·V [>§odL{?R|{B�GV W7lY]
[bl<{e�n[\X7S<[\X7gq]
[~W7S<f<]
[blYgq§cS4W2V�X7gh]r[
W7S4f<]r[clYgÀ§0S4W7S«§L{e�±[S�c{��t{
Æ5µabshshS4W«z�Æ�{��G{Ld0gh[b¨ ¦ zLV [>§Ä¹�{Cd:{'�©V
]czLS<§cgªX7]
W7l<zV��Ã§_
\S`[` YvÎ�\9ÃP_r��Î�\9ÃP_°ÄR¶ ��· ¨��n�R¶§Å$` Ç�ÈÉ\¢+¸£¸£¸]¤«z>UbV
¨
S<leu=o����$f?{Cd0U0W7gq[c¨rS4WY´�¹¯S4W7sqV
¨"Ò"A�SQW7sqgh[CzvlTS4W7Z'V [?m\z?d<vrv
v0{


