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(Obtain A)
(Obtain B)
(Drill A)
(Attach B C)

X1
X2
X3
X4(Obtain A)

(Obtain B)

(Drill A)

(Attach B C)

Pin

Pin

X1

X2

X3

X4

A

B

X1 -> (Obtain A)
X2 -> (Obtain B)
X3 -> (Drill A)
X4 -> (Attach B C)

Pin       -> X1
Pin       -> X2
(Obtain A)-> X3
(Drill A) -> X4
(Obtain B)-> X4

A
B

P
T

I

O
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(actschema Build-B
         :todo (Assembled B)
         :expansion ( (step1 :goal (Assembled A))
                      (step2 :primitive (Drill A)))
         :effects ( (step2 :assert (Assembled B)))
         :orderings ((step1 -> step2)))

(actschema Build-Z
         :todo (Assembled Z)
         :expansion ( (step1 :goal (Assembled X))
                      (step2 :goal (Assembled Y))
                      (step3 :primitive (Attach X Y)))
         :effects ( (step3 :assert (Assembled Z)))
         :orderings ((step1 -> step3) (step2 -> step3)))

Î ����{���� ÜÂÏ]� î;�����V�������6�èï������ îp��������ï
(actschema Prepare-A
         :todo (Assembled A)
         :expansion ( (step1 :primitive (PutOn A Pallet)))
         :effects ( (step1 :assert (Assembled A))))

Î ����{���� í Ï�� �����}�����}��kn���p�}{����xÒ�����ï
°s©�¬4­·ªH£�°s­�§�¯Î¦¨£¥¤ ¢�°�§·»�Å�¶s°Uªs³¨§4½¼Z�°s­(¬�Ð�ªs¸Ì©«³Â¬s®n¦¨´i©pªH­¥£ì3 °s´�Z0¦Â¶U»�­¥¬(Q<¦¨§
¢�°s£�º�°U¢�§�£�­·»�º�£�¬)² ³Â°�º4ªs³¨³ÂÁs®Î£¥¤�¬�c_H !D°s©�¬4­·ªH£�°s­ §·¤�°	¯Î¢ ¦¨¢ÙZd¦¨¶U»�­¥¬ R�¯Î¦�³¨³
7�ªs§·§�¬)¸@Åp³Â¬@9&¦Â£(¯�¦Â£¥¤�°U»�£�´�°s­�¸¹¦¨¢�¶�§¥»�Å�¶s°Uªs³¨§)½ Z0¦Â¶U»�­¥¬ l §¥»«¸¹¸¹ªH­·¦²©4¬)§(°U»�­
¸¹¬4£¥¤�°�²�°s´dº�°U¢V±s¬4­¥£¥¦¨¢�¶(ªs§¥§�¬)¸5Å«³ÂÁ�£�­¥¬4¬)§Î¦¨¢V£�°Ì©«³¨ªs¢Æ°s©�¬4­·ªH£�°s­�§4½

Assembly Tree Node HTN Operator

Node Label

Children’s Node Labels

Arc Label

:todo & :effects

subgoals

primitive action

Î ����{���� ýMÏ Õi���\Ô������������PÖ§ï�ï���~Æ|}�°ð Ð �����1ï@������� �<Ð � � î;�����r�����¥ï
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(PutOn A Pallet) (Drill A)

Î ����{���� �ÂÏ kn��������� Ö§ï¥ï���~Æ|����e�
� � ù1*l���� ¼0C&d÷¡��¢e�����·÷{� �-ùQ��¢�o6&-+¤£h*f���¦¥�öd*f�
¥�.föd÷¿+-,-ùC01&dq
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§/v�u ßOàMàÂÇ�áãâ¿Åkä
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Z

Assemble

YX

(actschema Build-Z
         :todo (Assembled Z)
         :expansion ( (step1 :goal (Assembled X))
                      (step2 :goal (Assembled Y))
                      (step3 :primative (Attach X Y)))
         :effects ( (step3 :assert (Assembled Z)))
         :orderings ((step1 -> step3) (step2 -> step3)))

(actschema Prepare-X
         :todo (Assembled X)
         :expansion ( (step1 :primitive (PutOn X Pallet)))
         :effects ( (step1 :assert (Assembled X))))

(actschema Prepare-Y
         :todo (Assembled Y)
         :expansion ( (step1 :primitive (PutOn Y Pallet)))
         :effects ( (step1 :assert (Assembled Y))))

(PutOn X Pallet)

(PutOn Y Pallet)

(Attach X Y)
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B

Drill & Sand

C

A

Clean

(actschema Build-C
        :todo (Assembled C)
        :expansion ( (step1 :goal (Drilled A))
                     (step2 :goal (Sanded A))
                     (step3 :primitive (Clean A)))
        :orderings ((step1 -> step3) (step2 -> step3))

(actschma Drill-A
        :todo (Drilled A)
        :expansion ( (step1 :goal (Assembled A))
                     (step2 :primitive (Drill A)))
        :effects ( (step2 :assert (Drilled A)))
        :orderings ((step1 -> step2)))

(actschma Sand-A
        :todo (Sanded A)
        :expansion ( (step1 :goal (Assembled A))
                     (step2 :primitive (Samd A)))
        :effects ( (step2 :assert (Sanded A)))
        :orderings ((step1 -> step2)))

(actschema Prepare-A
        :todo (Assmebled A)
        :expansion ( (step1 :primitive (PutOn A Pallet)))
        :effects (step1 :assert (Assembled A)))

B

Sand

C

A’

Clean

Drill

A

B

Drill

C

A’’

Clean

Sand

A

(Clean A)

(Sand A)

(Drill A)

(PutOn A Pallet)

A)

B)

C)
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(actschema Build-s4-with-s2
       :todo (Assembled s4)
       :expansion ( (step1 :goal (Assembled s1))
                    (step2 :goal (Assembled s2))
                    (step3 :primitive (Attach s1 s2)))
       :effects ( (step3 :assert (Assembled s4)))
       :orderings ((step1 -> step3) (step2 -> step3)))

(actschema Build-s4-with-D
       :todo (Assembled s4)
       :expansion ( (step1 :goal (Assembled s3))
                    (step2 :goal (Assembled D))
                    (step3 :primitive (Attach s3 D)))
       :effects ( (step3 :assert (Assembled s4)))
       :orderings ((step1 -> step3) (step2 -> step3)))

(actschema Build-s1
       :todo (Assembled s1)
       :expansion ( (step1 :goal (Assembled A))
                    (step2 :goal (Assembled B))
                    (step3 :primitive (Attach A B)))
       :effects ( (step3 :assert (Assembled s1)))
       :orderings ((step1 -> step3) (step2 -> step3)))

(actschema Build-s2
       :todo (Assembled s2)
       :expansion ( (step1 :goal (Assembled C))
                    (step2 :goal (Assembled D))
                    (step3 :primitive (Attach C D)))
       :effects ( (step3 :assert (Assembled s2)))
       :orderings ((step1 -> step3) (step2 -> step3)))

(actschema Build-s3
       :todo (Assembled s3)
       :expansion ( (step1 :goal (Assembled s1))
                    (step2 :goal (Assembled C))
                    (step3 :primitive (Attach s1 C)))
       :effects ( (step3 :assert (Assembled s3)))
       :orderings ((step1 -> step3) (step2 -> step3)))

(actschema Prepare-A
       :todo (Assembled A)
       :expansion ( (step1 :primitve (Collect A)))
       :effects ( (step1 :assert (Assembled A))))

(actschema Prepare-B
       :todo (Assembled B)
       :expansion ( (step1 :primitve (Collect B)))
       :effects ( (step1 :assert (Assembled B))))

(actschema Prepare-C
       :todo (Assembled C)
       :expansion ( (step1 :primitive (Collect C)))
       :effects ( (step1 :assert (Assembled C))))

(actschema Prepare-D
       :todo (Assembled D)
       :expansion ( (step1 :primitive (Collect D)))
       :effects ( (step1 :assert (Assembled D))))

�+���6�! ?" � $6(0� � .�L^Pu": Ð ,�46 ?>�2546 3�����6�! #"T$^Ì
Õ Ì



Collect A

Collect B

Collect C

Collect D

Attach A B

Attach C D

Attach s1 s2

Collect A

Collect B

Collect C

Collect D

Attach A B

Attach C s1

Attach D s3
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Prepare A

Prepare B

Prepare C

Prepare D

Attach A B

Pin

Pin

Attach C D

Attach s1 s2

Pin

Pin

Pout

X

X

X

X

X

X

X X

A

B

C

D

1

2

3

4

5

6

7
8

Prepare A

Prepare B

Prepare C

Prepare D

Attach A B

Attach C s1
Attach D s3

Pin
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Pin
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Pout
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X1 X2 X3 X4 X5 X6 X7 X8

(Prep A)       1  0  0  0  0  0  0  0
(Prep B)       0  1  0  0  0  0  0  0
(Prep C)       0  0  1  0  0  0  0  0
(Prep D)       0  0  0  1  0  0  0  0
(Attach A B)   0  0  0  0  1  0  0  0
(Attach C D)   0  0  0  0  0  1  0  0
(Attach S1 s2) 0  0  0  0  0  0  1  0
Pout           0  0  0  0  0  0  0  1

Pin  Pin  Pin  Pin

(Prep A)

(Prep B)

(Prep C)

(Prep D)

(Attach A B)

(Attach C D)

(Attach s1 s2)

X1  1   0     0    0    0     0    0     0       0      0        0
X2  0   1     0    0    0     0    0     0       0      0        0
X3  0   0     1    0    0     0    0     0       0      0        0
X4  0   0     0    1    0     0    0     0       0      0        0
X5  0   0     0    0    1     1    0     0       0      0        0
X6  0   0     0    0    0     0    1     1       0      0        0
X7  0   0     0    0    0     0    0     0       1      1        0
X8  0   0     0    0    0     0    0     0       0      0        1

A B C D

v
F

old
Svold

X1 X2 X3 X4 X5 X6 X7 X8

(Prep A)       1  0  0  0  0  0  0  0
(Prep B)       0  1  0  0  0  0  0  0
(Prep C)       0  0  1  0  0  0  0  0
(Prep D)       0  0  0  1  0  0  0  0
(Attach A B)   0  0  0  0  1  0  0  0
(Attach C s1)  0  0  0  0  0  1  0  0
(Attach D s3)  0  0  0  0  0  0  1  0
Pout           0  0  0  0  0  0  0  1

Pin  Pin  Pin  Pin

(Prep A)

(Prep B)

(Prep C)

(Prep D)

(Attach A B)

(Attach C s1)

(Attach D s3)

X1  1   0     0    0    0     0    0     0       0      0        0
X2  0   1     0    0    0     0    0     0       0      0        0
X3  0   0     1    0    0     0    0     0       0      0        0
X4  0   0     0    1    0     0    0     0       0      0        0
X5  0   0     0    0    1     1    0     0       0      0        0
X6  0   0     0    0    0     0    1     0       1      0        0
X7  0   0     0    0    0     0    0     1       0      1        0
X8  0   0     0    0    0     0    0     0       0      0        1

A B C D

newv
F

new
Sv

�+���6�! ?" �|{ ( Ô � J ,#��P J " Ô¹Ð ,# #��;1":>_2546 á >#>#"�N!} J ��9!� Ð 9 Ï l * Ð  ?,

Õ��



DXPx5�AeO�D'@uAC[95�U�['pWS
AN@�PY[^S
AeL)pK['P�o^[^O�S
AN@�b+A/Um[Có'AeöMPYIKBVURAC] xC��� ¡ ['PY] � � ¡ 5�DXPhSV['IKP
I�PRO�D'@<4=[^SVIWDXPFDXPT['pKp!L!DXBVBVIW`)pWA�Lmp�['PYB ½î� A?5N['P|PRD1bµO�D'@T4 Q'ACPRAN@�I=5�@�ACB
D@:R@T5�ACB
['Pm]|['BVBVIWQXPT[95�S>:m['p @VACB
D@:Y@T5�ACB�['B�]YACB>5�@�IW`!AC]%IKP 3 A�5�SVIWDXP�� ½
í :R@�['pWQ'D'@�IKSVUF4 @VACpKIKACBHDXPTScb�D;5�@T:x5NIK['p�['BVB>:F4=LYSVIWDXPYBN�
f ½ 
î[^@VSVB/b�IWSVUaSVURA�B�[948A�pK[^`!ACp�DXP=S÷b+D0]mI��MAN@�ACP�Se['BVBVA�40`mpK�~S
@VANACB+[^@VA�SVURA
BV[94=A3Lm[^@VS ½

� ½_õ UYAW:YBVACBqD'O�[FLm[^@VS�[^@VA8IKPY]RANL!ACPY]RACPhS�D'OeSVUYA^4=ANSVURD�]-:YBVAC]lS
D�5�DXP6ð
B
S
@<:F5�S�SVURA_Lm[^@�S ½

� IWSVUYD@:RSu['BVB>:x48LYSVIWDXP f x94=[']YA+I=48L)pKI=5NIWSVpW�qIKPZynmv@�[Oo5N['PYI�P0ANS�['p ½ fCç'ç�q �?xXIWS
b�D@:YpK]a`!A�A�i6S
@VA�48ACpW�a]YI��~5�:YpWSîS
D?5�D@4~`mIKPRA04W:YpWSVIWL)pWA�['B�B
A�40`)pW�~S
@�ANACB/[^S/['pKp ½
è BVB>:x48LYSVIWDXP|�ZIKB05�@T:F5NI�['p omIWSG4=AC['PYB�SVUY[^SvIWO�Scb�DFPRD6]RACBqIKP|]YI��!AN@VACPhS�LmpK['PYB
Um[Có'ATSVURA%BV[948ATPRD6]RA%pK[^`!ACpKBNxîSVURACP¹SVURAN�\[^@�A%I�]RACP�SVIB5N['p+PRD6]RACB ½n� IWSVURD@:RS
SVUmIKB8['BVB>:F4=LYSVIWDXP�x65�D@40`mI�PYIKPRQkLmpK['PYBa`!A�5�D@48ACBJ['P®IKPYBVSV['PF5�ATD'O_B>:R`YQ'@�[^L)U
I�B
D@48D'@VLmUmIKB>4Tx'['P ô 
ãð ï D@4=LmpWANS
A�LY@VD'`)pWA�4�ynm�[^@VAN�=ü��XDXUYPYB
DXP fCçXg^ç � ½�è Bßð
BT:F48LYSVIWDXP��TI�B�@VAC['B
DXPY[^`mpKA8O�D'@?4Z['P|:ROz[95�S>:R@�I�PRQ%D'LMAN@?[^S
D'@�BNo�SVURA=@VACB>:mpWSVB�D'O
SVUYA0[95�SVIWDXPËû þ @?IKpKp�  S
DZLY@VD6]F:F5�A3�Fý=]RDFPRD'S�PRD'@<4=['pKpW�F]RANL!ACPY]TDXP|bqUYI=5�U
Lm@VANó�IKD@:YB�[95�SVIWDXPYB�b�A?:YBVAC]TS
D=LY@VD6]F:F5�A�SVURA^  Lm[^@VS ½
í :R@�['pWQ'D'@�IKSVUF4TxYBVURD1b�P|IKP d IWQ@:Y@VA0�9��x)UY['B�Scb�D;4=[1�
D'@�B
S
ANLmB ½/d IW@�B
SNxYIWS

['B�B
DK5NI�[^S
ACB/AC[95?UZLmp�[95�A�IKP8D@:R@+PRANbj
�ANS
@�I ô ANS/bqIWSVU=[Jy�L!DXBVB�IW`mpW�0PYANbv��LmpK[95�A
I�PlD@:R@vDXpK]-
�ANS
@�I ô ANS ½ 3 A�5�DXPY]�x�IWS�A�iR[94=IKPYACBqAC[95?UnS
@�['PYBVIKSVIWDXP�I�PlSVURAaPRANb

�ANS
@�I ô ANS�['Pm]¹]YA�5NIK]RACB�IWO�SVUY[^S�S
@�['PYBVIWSVIKDXP BVURD@:mpK]{`!A%[']Y]RAC]\S
D�D@:R@aDXpK]

{6Ö



CombineMatrix(   ,   ,    ,   )

  For each place in
    Does the place exist in    ?
    If so:
       Associate the place with the correct place of
       Associate the corresponding place of     with
    If not:
       Create a new place in     and 
       Associate the place in     with the new place in 
       Associate the corresponding place of     with the new place in

  For each transition in    , 
    Does the corresponding transition exist in    ,   ?
    If so:
       (Do nothing)
    If not:
       Create the transition   

 

Fvold Svold Fvnew Svnew

Fvnew
Fvold

Fvold
Svnew Svold

Fvold Svold
Fvnew

Fvold
Svnew Svold

Fvnew Svnew Fvold Svold
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X1 X2 X3 X4 X5 X6 X7 X8

(Prep A)       1  0  0  0  0  0  0  0
(Prep B)       0  1  0  0  0  0  0  0
(Prep C)       0  0  1  0  0  0  0  0
(Prep D)       0  0  0  1  0  0  0  0
(Attach A B)   0  0  0  0  1  0  0  0
(Attach C D)   0  0  0  0  0  1  0  0
(Attach S1 s2) 0  0  0  0  0  0  1  0
Pout           0  0  0  0  0  0  0  1

Pin  Pin  Pin  Pin

(Prep A)

(Prep B)

(Prep C)

(Prep D)

(Attach A B)

(Attach C D)

(Attach s1 s2)

X1  1   0     0    0    0     0    0     0       0      0        0
X2  0   1     0    0    0     0    0     0       0      0        0
X3  0   0     1    0    0     0    0     0       0      0        0
X4  0   0     0    1    0     0    0     0       0      0        0
X5  0   0     0    0    1     1    0     0       0      0        0
X6  0   0     0    0    0     0    1     1       0      0        0
X7  0   0     0    0    0     0    0     0       1      1        0
X8  0   0     0    0    0     0    0     0       0      0        1

A B C D

v
F

old
Svold

X1 X2 X3 X4 X5 X6 X7 X8

(Prep A)       1  0  0  0  0  0  0  0
(Prep B)       0  1  0  0  0  0  0  0
(Prep C)       0  0  1  0  0  0  0  0
(Prep D)       0  0  0  1  0  0  0  0
(Attach A B)   0  0  0  0  1  0  0  0
(Attach C s1)  0  0  0  0  0  1  0  0
(Attach D s3)  0  0  0  0  0  0  1  0
Pout           0  0  0  0  0  0  0  1

Pin  Pin  Pin  Pin

(Prep A)

(Prep B)

(Prep C)

(Prep D)

(Attach A B)

(Attach C s1)

(Attach D s3)

X1  1   0     0    0    0     0    0     0       0      0        0
X2  0   1     0    0    0     0    0     0       0      0        0
X3  0   0     1    0    0     0    0     0       0      0        0
X4  0   0     0    1    0     0    0     0       0      0        0
X5  0   0     0    0    1     1    0     0       0      0        0
X6  0   0     0    0    0     0    1     0       1      0        0
X7  0   0     0    0    0     0    0     1       0      1        0
X8  0   0     0    0    0     0    0     0       0      0        1

A B C D

newv
F

new
Sv

(Attach C s1)

(Attach D s3)

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0 (Attach C s1)

(Attach D s3)
0    0     0     0    0     0    0     0
0    0     0     0    0     0    0     0
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0      0           0         0         0           0         1           0               1              0                  0               0             0
0      0           0         0         0           0         0           1               0              0                  0               1             0
0      0           0         0         0           0         0           0               0              0                  0               0             1

X1 X2 X3 X4 X5 X6 X7 X8

(Prep A)       1  0  0  0  0  0  0  0
(Prep B)       0  1  0  0  0  0  0  0
(Prep C)       0  0  1  0  0  0  0  0
(Prep D)       0  0  0  1  0  0  0  0
(Attach A B)   0  0  0  0  1  0  0  0
(Attach C D)   0  0  0  0  0  1  0  0
(Attach S1 s2) 0  0  0  0  0  0  1  0
Pout           0  0  0  0  0  0  0  1
(Attach C s1)  0  0  0  0  0  0  0  0
(Attach D s3)  0  0  0  0  0  0  0  0

Pin  Pin  Pin  Pin

(Prep A)

(Prep B)

(Prep C)

(Prep D)

(Attach A B)

(Attach C D)

(Attach s1 s2)

X1  1   0     0    0    0     0    0     0       0      0        0       0      0
X2  0   1     0    0    0     0    0     0       0      0        0       0      0
X3  0   0     1    0    0     0    0     0       0      0        0       0      0
X4  0   0     0    1    0     0    0     0       0      0        0       0      0
X5  0   0     0    0    1     1    0     0       0      0        0       0      0
X6  0   0     0    0    0     0    1     1       0      0        0       0      0
X7  0   0     0    0    0     0    0     0       1      1        0       0      0
X8  0   0     0    0    0     0    0     0       0      0        1       0      0

A B C D

v
F

old
Svold

X1 X2 X3 X4 X5 X6 X7 X8

(Prep A)       1  0  0  0  0  0  0  0
(Prep B)       0  1  0  0  0  0  0  0
(Prep C)       0  0  1  0  0  0  0  0
(Prep D)       0  0  0  1  0  0  0  0
(Attach A B)   0  0  0  0  1  0  0  0
(Attach C s1)  0  0  0  0  0  1  0  0
(Attach D s3)  0  0  0  0  0  0  1  0
Pout           0  0  0  0  0  0  0  1

Pin  Pin  Pin  Pin

(Prep A)

(Prep B)

(Prep C)

(Prep D)

(Attach A B)

(Attach C s1)

(Attach D s3)

X1  1   0     0    0    0     0    0     0       0      0        0
X2  0   1     0    0    0     0    0     0       0      0        0
X3  0   0     1    0    0     0    0     0       0      0        0
X4  0   0     0    1    0     0    0     0       0      0        0
X5  0   0     0    0    1     1    0     0       0      0        0
X6  0   0     0    0    0     0    1     1       0      0        0
X7  0   0     0    0    0     0    0     0       1      1        0
X8  0   0     0    0    0     0    0     0       0      0        1

A B C D

newv
F S

newv

(Attach C s1)

(Attach D s3)

x9
x10
x11

X9  X10 X11
é
  
  0     0     0
  0     0     0
  0     0     0
  0     0     0
  0     0     0
  0     0     0
  0     0     0
  0     0     1
  1     0     0
  0     1     0

*
*
*

*  *  *
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DXP�x 3 ½ x ï [^@V`!DXPRACpKp5x¯� ½ x » SåsCIWDXPYI x í ½ x/å3PRD'`mpKDK5�æ)x ï.½ ü�å?:RD'æhæ^[6x þµ½
y fCç9�Xg � ½ è 5NäK:YIW@?IKPRQ AÓ�!A�5�SVIWó'A{B
AC[^@<5�Uÿ5�DXPhS
@VDXp�@T:YpWACBC� » i6LmpK['PY[^SVIWDXPRð
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`)['B
AC]npWAC[^@�PYIKPYQZIKP�SVURA~Lm@VD�]mIWQ'�TB
��BVS
A�4Tx Ì �åÐ�Æ<Î<Î>Ï�Á�ÑH��Ç;ÐÖtWÂ�ÒOÎ�êZÐ��A�ÓÂ�Ò¿<ÑºÂ¦ÎO�¿ÑºÃ9Â�ÁËÐ�ÑºÃ�Ä"è1Ð��quÔÇ<ÒKÐ<à(Ð�Ñ Å¼Ã@ÆÓÒÖÁ�ÑuÎ Õ ÎTÃ��¿ÑFÁ�Ñ��0LmL ½ f �'��È f �9� ½
â :R@�[^SV[6x õ1½ xeå_D@48D6]Y[6x ô5½ x â [^SVB>:F4=D'S
DRx+å ½ ü�8q[^@<:YPY[6x/å ½ y fCç9� �X� ½�è

L!ANS
@�I�PYANSßð5`m['B
AC]15�DXPhS
@VDXpKpKAN@�O�D'@��mA�iRIW`mpWA_['PY]�4Z['IKP�SV['I�PY[^`mpWA_B
ACäK:RACPF5�A
5�DXPhS
@VDXp�['PY]lIWSVB�[^LYLmpKI=5N[^SVIKDXPYB�IKP%Oz[95�S
D'@V�|[9:RS
D@4=[^SVIWDXP x�¿ÖáÔáãáµÒ
�åÃ�ÑûÇ¿Õ
ÃÖÆ�Â�ÁËÐ�ÑûÇWÐ�Ñ ¿<ÑºÏ-�|ÇÓÂ��<ÁËÃ�Ä5á/Ä=Î>Æ�Â��åÐ�ÑFÁËÆÓÇ`ë ��¢ ÆnÆ�y f �?� f È � ½


î['Phb�['pKæ'AN@Cx 3 ½ ü ì B
æ^['PY]RAN@-x � ½ y fCçXg'g � ½kè B>:R@Vó'AN�nD'O�B>5?URAC]F:YpKI�PRQT@T:YpWACBCxÓ�àFÎO�åÃ9Â�Á�Ð9ÑûÇ W ÎÓÇ�ÎTÃ���Æ�Ò8Çnìuy f �?� q ��ÈK� f ½
À :YBVB
ACp5x 3 ½ ü ô D'@Vó6IWQRxZ
 ½ y fCç'ç �X� ½eÌ �åÃ@Æ�Â�ÁËÆTÃ9Ä Ì ÄtÃ�ÑFÑFÁ�ÑH�Xx è @�SVIjöº5NIK['p ì PhS
ACpKpKIWð

Q'ACPx5�A'� è â D�]YAN@�P è LYLY@VDX[95?U�xº
/@VACP�SVIB5�AD8v['pKp x&âqLYL!AN@ 3 [']Y]YpKA À IWó'AN@Cx
ô ANb �XAN@�B
AN�'xx5?UY[^LYS
AN@ f ��xYLYL ½ �9� g ÈK� � ú ½

3 [95�AN@�]RD'SVI x »Î½ y fCçXg �X� ½¹õ URAJPYDXPYpKIKPRAC[^@�PY[^S>:R@VAFD'O�L)pK['PYBNx Ì �åÐ�Æ¿ÎTÎ>Ï9Á�ÑH�9Ç1ÐËt
Â�ÒûÎYíxÂ�ÒI¿<ÑxÂ¦Î9�<ÑuÃ9Â�Á�Ð9ÑºÃ�Ä\îûÐ�Á�ÑxÂYÀ¯Ð�Ñ=t�ÎO�>ÎÓÑuÆ<Î~Ð�Ñ ¾ �¿Â�Á É´Æ�Á�Ã�Ä%¿<ÑxÂ¦Î�Ä�ÄÅÁ{�|ÎÓÑuÆ<Î×�¿qî�À ¾ ¿Aïhð�ñVÞ1xmLYL ½ �^ú@��È�� fÓq ½

3 :YBVB>4=['P x7m ½ � ½ y fCçXg �X� ½ è 5�D@48Lx:RSV[^SVIKDXPY['p´4=D�]RACp+D'OqBVæ�IKp�pe[95Nä|:mIKBVIWSVIWDXP xÒuÎ>Æ�ÒÖÑFÁËÆTÃ�Ä W Î�àûÐ��¿Â ¾ Ò´Ò W Õ°ÜHò
ðNx âlìßõ � èqì þ�[^`!D'@�[^S
D'@V� ½
õ [95�5�DXPYI x þµ½ ü+þuANb�IKBNx d/½ y fCç'çXg � ½ è PRANb�4=[^S
@�Ijið48D6]RACp�O�D'@%]YIKB>5�@VANS
A

ANó'ACPhSHB
��BVS
A�4=BN� è LYL)pKI=5N[^SVIWDXPaS
D�BVI=4W:YpK[^SVIWDXP�xA¿ÖáÔáÔá�À¯Ð�ÑºÂ���Ð�Ä�Áxß�ÇÓÂ¦ÎOXWÇÅ¼Ã=�ÖÃ�óÓÁ�ÑuÎ�LmL ½ �'��È g�f ½
õ [^S
A'x è@½ y fCçXg'g � ½ mvACPYAN@�[^SVIKPRQËLY@VD:�
A�5�SkPYANScb�D'@Væ�BCx Ì �åÐ�Æ¿ÎTÎ>Ï9Á�ÑH�9Ç(ÐËt½Â�ÒOÎñ@Â�Ò8¿<ÑxÂ¦Î9�<ÑuÃ9Â�Á�Ð9ÑºÃ�Ä%îûÐ�Á�ÑxÂZÀ¯Ð�Ñ�t�Î9�åÎ�ÑºÆ<ÎWÐ�Ñ ¾ �ÓÂ�Á É´Æ�Á�Ã9Ä&¿<ÑºÂ¦ÎÓÄ�Ä Á{�|Î�ÑºÆ<Îr×'¿qîKÕ
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À ¾ ¿Aïhð«ðËÞ�LYL ½ �9�9� È �'ç � ½
ó'DXP â [^@VSVIK['p x d/½ y fCç'ç �X� ½ À¯Ð�Ð��åÏ�Á�ÑºÃ9Â�Á�ÑH� Ì ÄtÃ�ÑûÇ�ÐËt ¾ �OÂnÐ9ÑºÐ�XkÐ��KÇ ¾ �|Î�ÑxÂ�Ç?x

3 LY@�IKPRQ'AN@VðnpãAN@�pK[^Q ½
� IKpWæ6IKPYBCx þµ½ y fCç9��q � ½µþ D@4=['IKP6ðcIKPm]RANL!ACPY]RACPhS~Lmp�['PYPYIKPRQR� À ANLY@VACB
ACPhSV[^SVIWDXP

['Pm]TLmpK['P%Q'ACPRAN@?[^SVIWDXP�x ¾ �ÓÂ�Á É´Æ�ÁËÃ�Ä(¿<ÑxÂ¦Î�Ä�ÄÅÁ��KÎÓÑºÆ¿Î�Ç(Ç yË�X�?�!�9� ç ÈK�^ú f ½
� IKpWæ6IKPYBCx þµ½0»Î½ y fCç'ç ú�� ½�ï ['P·['IvLmpK['PYPRAN@?BJB
DXpKó'AkLm@�[95�SVI=5N['pvLY@VD'`mpKA�4=BqôXxÀ¯Ð-XGà��OÂnÃ@Â�Á�Ð�ÑuÃ�Ä%¿<ÑxÂ¦ÎÓÄ�Ä Á{�|Î�ÑºÆ<ÎZìuy q �?�!�9�'��È�� q � ½
� IKpWæ6IKPYBCx þµ½�»n½ y fCç'ç�q � ½8ï D@48Lm[^@�[^SVIWó'A8['PY['pK��BVI�B�D'O�['IîLmpK['PYPYI�PRQZB
�6B
S
A�4=BN�

è @VANL!D'@VSHDXPlSVURA3['['['I b�D'@Væ6BVURD'L x ¾ ¿ZÅ¼Ã=�ÖÃ�ó�Á�ÑHÎSõAÊ y q �?�u� ç È g ú ½
� DXpKS
AN@Cxx� ½ x ï Um[^æh@�[^`)[^@VSc�'x 3 ½ ü õ BV[^DRxF� ½ y fCç'ç �X� ½+â ANSVURD6]YBHD'O�æ�PRD1b�pWAC]RQ'A

@�ANLY@VACB
ACPhSV[^SVIWDXP8O�D'@/['BVB
A�4~`mpW��LmpK['PmPYIKPRQRx Ì �åÐ�Æ¿ÎTÎ>Ï9Á�ÑH�9Ç�ÐËt_Í"ÁAêvçWÎÓÇ<Á{�9Ñ
Ã9ÑºÏ8Å�Ã�Ñn�Vt�Ã@ÆÔÂ����¿Á�ÑH�rÁxß�Ç¿Â¦ÎOXWÇ;À¯Ð9Ñ=t�Î9�åÎ�ÑºÆ<Î�LYL ½ q �9��È q � � ½

Ã/['PYQRx�ö ½ ü õ ACPRACP�`!AN@VQRxx� ½ y fCç'ç ú�� ½+è `YScb�AC[^æM� è `mB
S
@�[95�SVIKPYQ=[8PRDXPYpKIKPYAC[^@Cx
pKAC['B
S�5�D@4k4=IWS>48ACPhS%LmpK['PYPYAN@Cx Ì �åÐ�Æ<Î<Î>Ï�Á�ÑH�9Ç�ÐËt-Â�ÒOÎ�á/Á{��Ò|Â�Ò®Í?Ã9Â�ÁËÐ�ÑºÃ9ÄÀ¯Ð9Ñ=t�Î9�åÎ�ÑºÆ<ÎkÐ�Ñ ¾ �¿Â�Á É´Æ�Á�Ã�Ä(¿<ÑºÂ¦ÎÓÄ�Ä Á{�|Î�ÑºÆ<Î�LYL ½ �^ú q È��^ú ç ½÷ URD@:�x â�½Mïi½ ü þ I ï ACBV[^@�A'x d/½ y fCç'ç �X� ½^Ì Î�Â��¿Á3ÍDÎ�Â\Áºß�ÑºÂ�ÒOÎ¿Ç¿ÁBÇ|tÓÐ��sç?ÁBÇ�Æ9�>Î�Â¦Îá�x�Î�Ñ�À¯Ð�ÑºÂ���Ð�Ä¯ÐËt^Å¼Ã�Ñ&�Ot�Ã@Æ�Â��A�¿Á�ÑH�rÁxß�ÇÓÂ¦ÎOXWÇ?xMå3p=:hb+AN@Cx Ú DXB
S
DXP ½
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ø ��"z� *�ùúùC���1��.
�2"
f õ UR@VANA�ð¦þ ANó'ACp ì PhS
ACpKpKIKQ'ACP�S ï DXPhS
@VDXp è @T5?UYIWS
A�5�S>:R@VA ½1½ ½@½ ½1½ �
� 3 [948LmpWA è BVB
A�4~`mpW� õ @VANA ½@½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ �
� 3 [948LmpWA�
/p�['P ½ ½1½ ½ ½ ½1½@½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ f �
q è 3 [94=LmpWA�
�ANS
@�I ô ANS ½1½@½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ f �
� 3 [948LmpWA è BVB
A�4~`mpW� õ @VANACB ½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ f-g
� í LMAN@?[^S
D'@ þ ACB>5�@�IWLYSVIKDXPYB ½@½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ f��
g 8v['PY]Yp�IKPRQ2
e@VD6]F:F5�Sßð ì PYB ½@½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ f��
� ï DXP�ó'AN@VSVI�PRQ è BVB
A�4~`mpW� õ @VANACBqIKP�S
Dk8 õ�ô í L!AN@�[^S
D'@�B ½ ½1½ f��
ç 
+pK['PTS
D è BVB
A�4~`mpWA Ú ½1½@½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ �^ú
f ú À ANLY@VACB
ACPhSVIKPRQ è BVB
A�4~`mpW� ½@½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ �'�
f'f À ANLY@VACB
ACPhSVIKPRQy�XD'`Rð 3 URD'L)B ½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ � q
f � è 3 [94=LmpWA�
/pK['P ½ ½ ½ ½1½@½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ �9�
f � 
�ANS
@�I ô ANS À ANLY@VACBVACP�SV[^SVIWDXPlD'O£
+pK['P ½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ �9�
fÓq ���~['Pm] � � â [^S
@�I=5�ACB ½ ½1½@½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ � g
f � 
�ANS
@�I ô ANS�O�D'@Em�ACPRAN@�I=5 À ACB
D@:R@T5�ACB ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ � ç
f � w� � ['PY] w� � â [^S
@�I=5�ACB ½ ½1½@½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ �^ú
f-g � ��è BVB�IWQXPYB À ACBVD@:R@T5�ACB ½1½@½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ � f
f�� d IKPm['p � �v['Pm]|�u� â [^S
@�I=5�ACB ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ �9�
fCç í :R@ ï D@48LmpKANS
AC]�
�ANS
@�I ô ANS ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ � q
�^ú è pWS
AN@�Pm[^S
A è B�B
A�40`)pW� õ @VANACB ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ �9�
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� f 8 õ�ô í L!AN@�[^S
D'@�BHO�D'@ d IWQ@:Y@VA f � ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ �9�
�'� â :YpWSVIKLmpWA�
/pK['PYB�O�D'@ è BVB
A�4~`mpKI�PRQ8['P � l 
î[^@VS ½ ½1½ ½@½ ½1½ � g
�9� â :YpWSVIKLmpWA�
�ANS
@?I ô ANSVB�O�D'@ è B�B
A�40`)pKIKPRQ8['P � l 
î[^@VS ½@½ ½1½ � �
� q â :YpWSVIKLmpWA â [^S
@�IB5�ACB�O�D'@ è BVB
A�4~`mpKIKPRQa['P � l 
î[^@VS ½ ½@½ ½1½ � ç
�9� ï D@40`mI�PYIKPRQ â :mpWSVIWLmpWA�
+pK['PYB ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ qYf
�9� ì PhS
AN@T48AC]YIK[^S
A À ACBT:YpWSVBN� ï D@4~`mIKPYI�PRQ?
/p�[95�ACB+O�@VD@4 â :mpWSVIWLmpWA


+pK['PYB ½ ½ ½1½@½ ½1½ ½ ½ ½1½@½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ q �
� g d IKPm['p À ACB>:mpWSVBN� ï D@4~`mIKPmIKPRQ õ @?['PYBVIWSVIWDXPmBTO�@�D@4 â :mpWSVIWLmpWA


+pK['PYB ½ ½ ½1½@½ ½1½ ½ ½ ½1½@½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ q9q
� � ï D@40`mI�PRAC]�
�ANS
@�I ô ANS ½1½@½ ½1½ ½ ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ q9q
� ç â [^S
@�Iji�ð5`m['B
AC]�]RA�5NIKBVIKDXP6ð¦4=[^æ6IKPRQaB>:RL!AN@Vó6IKB
D'@V�y5�DXPhS
@VDXpKpKAN@ ½ qÖ�
�^ú õ ��LMACB�D'O õ @�['PYB�IWSVIWDXPYBH['PY]�
+pK[95�ACB ½1½ ½@½ ½1½ ½ ½1½ ½@½ ½1½ �9�
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