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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
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� í



(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�
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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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@�ACB
D » @ º AFEHGJIKB0LMAN@�O�D'@ ¸ IKPRQTSVURAJO » P º SVIWDXPYB3D'O ¸ D'@VAZSVUY['P\DXPRAF]RAC]YI º [^S
AC]
@�ACB
D » @ º A_['PY]TIKBHSVU » BH`!ACIKPRQaBVUY[^@�AC]F[ ¸ DXPRQ8Scb�D=D'@ ¸ D'@VA3[ º SVIKDXPYB ½ed IWQ » @VA
f-g B�URD-b�B0[%@VACB
D » @ º A=['B�BVIWQXP ¸ ACPhS ¸ [^S
@�Ijikb�IWSVUkScb�DlBVUm[^@VAC]n@VACB
D » @ º ACBNo�[
B�IKPRQXpWAq@VACB
D » @ º A_r�sht�bqIKpKpYL!AN@VO�D'@ ¸ SVURA�O » P º SVIWDXPYB+D'OuSVURAvQ'ACPRAN@�I º @�ACB
D » @ º ACB
wr)x ws)xu['PY] wtkyz['PY]nSVU » B_`!A8BVUY[^@VAC]{[ ¸ DXPRQ|[ º SVIWDXPYB3}~x���xu['PY]��a��['PY]�[
B�IKPRQXpWAF@VACB
D » @ º Al��bqIKpKpeL!AN@VO�D'@ ¸ SVURA%O » P º SVIWDXPmB~D'OvQ'ACPRAN@�I º @VACB
D » @ º ACB w� f
['Pm] w���Tyz['PY]TSVU » B�`!A_BVUY[^@VAC]l[ ¸ DXPRQZ[ º SVIWDXPmB�� f ['PY]l�0�X� ½
� A º ['P » B
A%SVURAT@VACBVD » @ º AT['BVBVIWQXP ¸ ACP�S ¸ [^S
@?Iji\S
D�AC['BVI�pW�\[']:� » B
S�D » @

Q'ACPYAN@�I º @VACB
D » @ º A » BV[^Q'A ¸ [^S
@�I º ACB�I�P�S
D=[ º S » ['pu@VACB
D » @ º A » BV[^Q'A ¸ [^S
@�I º ACBN�
�u� � w���/��� �
� � � � �� � w� �
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â [^S
@�IWi����ãUY['B�`!ANACP º ['pKpWAC]�SVUYAã@VACB
D » @ º A/@VACä » IW@VA ¸ ACPhSVB ¸ [^S
@�Iji=yzå » B�IK[^æ

fCç'ç �X� ½Tè f IKP{LMDXB�IWSVIWDXPnéVêcë�D'O��u� ¸ AC['PmB3SVUY[^S3@�ACB
D » @ º A~ëkIKB0PRANAC]RAC]�S
D
L!AN@VO�D'@ ¸ �ßD'`ké ½�ì Oe[ º DXp »�¸ PJëFUY['B ¸ D'@VA�SVUY['P�DXPRA f x!SVURACP�@VACB
D » @ º Avë%IKB
`!ACIKPYQaB�UY[^@VAC]%`�� ¸ D'@VA_SVUY['PTDXPRA��ßD'` ½
í PRA�LY@�D'`mpWA ¸Ãº ['P=@�ACB » pWSîO�@VD ¸ D » @+PRD'SV[^SVIWDXP ½+ï DXPmBVIK]RAN@îSVURA�[ º S » ['pm@VA�ð

BVD » @ º A_rhs�t ½ í @�IWQXIKPY['p�pW�'x�S
@�['PmBVIWSVIWDXPFñ=òv@VACB
AN@Vó'AC]%@�ACB
D » @ º A wt_['Pm]%@VACpWAC['B
AC]
@�ACB
D » @ º A ws ½/ô D1b3xYS
@�['PmBVIWSVIWDXPFñ ò @VACB
AN@Vó'ACB�@VACB
D » @ º A3rhs�t3['PY]T@�ACpWAC['B
ACB�SVURA
B�[ ¸ A0@VACBVD » @ º A0r�sht ½Hõ UYIKB�`!ACUY[-ó�IWD'@qIKB�PRD'S º D'@V@VA º SNo�IKPhS » IWSVIWó'ACpW�'xYIKS ¸ AC['PYB
SVUm[^S�[^S�SVURA+IKPmB
SV['P�Suñ=òãöm@VACBCx1S÷b+D » B
ACB�D'OR@VACB
D » @ º A+r�sht�[^@VA+UYACpK] ½u� A�ACpKI ¸ ð
I�PY[^S
AqSVUmIKBHB
ACpWO�ðcpWDhD'LF`��=ö)PY]mIKPRQ3éVêcë=Lm['IW@�BHB »«º UFSVUY[^S�� �Xø éVêcë'ù � � �:ø ë'ê
é5ù � f
['Pm] º UY['PYQXIKPRQ�`!D'SVU_ó^['p » ACB�S
Dvú ½�õ UmIKB!D'L!AN@�[^SVIWDXP º D'@�@VACB
L!DXPY]YB!S
DqSVURAeSVUR@VANA
¸ [^S
@�IjiaACä » [^SVIKDXPYBNxhI�Pab�UYI º U{ûVü_ý_@VANLm@VACB
ACPhSVB/['P=ACpKA ¸ ACP�Sßð5`��hð5ACpWA ¸ ACPhS+pWD'Q^ð
I º ['p èqôvþ D'L!AN@�[^SVIWDXPT['PY]�û©ðcý=@VANLY@�ACB
ACP�SVB�D'@�]YIKPY[^@�� ¸ [^S
@�IWiFB » `mS
@�[ º SVIWDXP��
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AC]·�u�|['Pm] � � ¸ [^S
@�I º ACBFO�D'@FD » @%BV[ ¸ LmpKAlLY@VD'`)pWA ¸ [^@VA

B�URD-b�P%IKP d IWQ » @�A f�� ½/õ URACB
A ¸ [^S
@�I º ACB º D'@�@VACB
L!DXPY]FS
DaSVURA º D ¸ LmpWANS
A��ANS
@�I
ô ANSeBVURD1b�P8IKP d IWQ » @VA fCç ½eô D'S
A�SVUY[^SãLmpK[ º ACBeO�@VD ¸ SVUYAH����['PY] � � ¸ [^S
@�I º ACB
]YACB º @�IW`!A0[ º SVIWDXPmBq['PY]�LmpK[ º ACBvO�@VD ¸ SVURA~���0['PY] � � ¸ [^S
@�I º ACBv]YACB º @�IW`!A3@VA�ð
BVD » @ º ACB ½�� UYACPaDXPRA�[ º SVIWDXP º D ¸ LmpWANS
ACBã['Pm]ab�URACP�SVURAH@VACB
D » @ º AHPYANAC]RAC]�O�D'@
SVUYA=PRA�i�S_[ º SVIWDXP{`MA º D ¸ ACB3[Có^['IKpK[^`mpKA'x D » @ º DXPhS
@VDXpKpWAN@_b�I�pKp ö)@VAaSVURA=[^LYLY@VD^ð
Lm@�IK[^S
AaS
@�['PYBVIKSVIWDXPnS
D|B
SV[^@VS3[|PYANb [ º SVIWDXP{['PY]n@VACpKAC['B
A=SVURA8@VACBVD » @ º A » B
AC]
`��FSVURA3DXpK]T[ º SVIWDXP ½

� � �����
������� �����! �"$#&%' (� )+*, -�/.0*1�����2.

3 D�O�[^@-x1b�A+UY[-ó'A�B�URD-b�P0SVUY[^S�['P~['BVB
A�4~`mpW��S
@VANA65N['P0`!A75�DXPhó'AN@VS
AC]aIKP�S
Dv[�B
ANS
D'O�8 õ�ô D'LMAN@?[^S
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A�SVUYACB
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D'@�B
S
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AC]nIKPhS
D=O�D@:Y@A4=[^S
@�IB5�ACB ½�ì P
SVUmIKB�B
A�5�SVIWDXP x)b�A~BVUYD-bÎUYD-bC4D:YpKSVIWLmpWA_['BVB
A�4~`mpW�%S
@VANACBE5N['P�@VACB>:YpWS�I�P148D'@VA
SVUm['P|DXPRA3L!DXBVB�IW`mpWA�LmpK['P oRSVURACB
A0L)pK['PYB05N['Pl`MAD5�D@40`mI�PRAC]|IKPhS
DZ[=BVI�PRQXpWA3B
ANS
D'O/4=[^S
@�IB5�ACB ½=ì P 3 A�5�SVIWDXP g ½ ��x�b�A=LY@VACB
ACPhS3[TL!DXpW�6PRD@4=IK['pWð5SVI=48Aa['pWQ'D'@�IWSVUF4
O�D'@G5�D@4~`mIKPYI�PRQaSVURA_LmpK['PYB�I�P�S
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ACPhSV[^SVIWDXP ½
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S
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@�I�PYANSuS
Dv@VANLY@VACB
ACPhS SVURA�['pWS
AN@�PY[^S
A/48AC['PYBuD'OY['BVB
A�4~`mpKIKPYQ
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�6B
S
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A�SVURA�['pWS
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D�[w4Z[^S
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D%SVURAaLmpK['PmPRAN@ay�L!DXBVB�IW`mpW�
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PYAN@�S
D=]RANS
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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))))
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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

Pin

Pin

Pin

Pout

X

X

X

X

X

X

A

B

C

D

1

2

3

4

5

6 X7 X8
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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
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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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Prepare A

Prepare B
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Prepare D

Attach A B

Attach C s1

Attach D s3

Pin

Pin

Attach C D

Attach s1 s2

Pin

Pin

Pout

X

X
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X

X

X

X

X X

X

A

B

C

D

1

2

3

4

5

6

7
8

9

10

11

�����6�! ?" � IM(GMv4ON~}!��9!"1Ñ¹*/"1,# #�e.~"-,
{K{



� A�bqIKpKpZ5N['pKpuD@:R@�['pWQ'D'@�IWSVUF4�æ 	 f SVI=4=ACB ½qõ UYA0['pWQ'D'@�IWSVUx4Ýb�I�pKp�S
@�[95�A
SVUY@VD@:RQXU�ç LmpK[95�ACBl['Pm]&èmy�ç��FS
@?['PYBVIWSVIWDXPmB ½Ý� A(5N['Pê5�@�AC[^S
A¹[ÛL)pK[95�A D'@
S
@?['PYBVIWSVIWDXP�IKP®[948D'@VSVI=sNAC]j5�DXPYBVSV['P�SFSVI=48A ½»õ URA�[948D@:YPhSZD'O_SVI=48AlS
D¹]RA�ð
5NI�]RA|b�URANSVUYAN@J[\LmpK[95�A|D'@FS
@�['PYBVIKSVIWDXP®A�iRIWSVBZ]YANLMACPm]YB8DXP¯SVURA�PK:F4~`MAN@JD'O
L)pK[95�ACB<ë1S
@�['PYB�IWSVIWDXPYBHb�A0UY[-ó'A0[95�5�:F4W:YpK[^S
AC]lBVD=O�[^@ ½
í PRAJy�:YPmpKIWæ'ACpW�Y�/LMDXB�BVIW`mIKp�IWSc�=IKB�SVUY[^S�AC[95?UlLmp�['P|IKB05�D@48L)pWANS
ACpW�%]YI��!AN@VACP�S

O�@VD@4 ANó'AN@V��D'SVURAN@ãLmpK['Pa['PY]�SVUK:YBîD@:R@îö)Pm['p|4=[^S
@?Iji~b�I�pKp�[95�5�:F4W:YpK[^S
AAìZy�æ®�
ç���LmpK[95�ACB ½�ì P0SVUYI�B�5N['B
A3yz['BVB>:x4=IKPRQ�p�IKPRAC[^@
ð5SVI=4=A/B
AC[^@T5?U)�?xXIWSubqIKpKp'SV[^æ'AGì=y�æ¹�
ç��~SVIB48A|S
D ]RA�5NI�]RA|b�URANSVUYAN@Z[�QXIWó'ACP�LmpK[95�ATD'@ZS
@?['PYBVIWSVIWDXP�A�iRIKB
SVBJIKP�D@:R@
4Z[^S
@�Iji!xRO�D'@�[=S
D'SV['p D'O£æ �zç%�6ì=y�æ �7ç��HD'@Eì=y�æ�í��7çZíC��SVI=4=A ½
è 4=D'@VAlpKIWæ'ACpK� L!DXBVBVIW`)IKpKIWS÷�{IKB8SVUY[^Sy4=DXB
S=LmpK['PmB8[^@VAlPRAC[^@�pK�¹IK]YACP�SVI=5N['p

['Pm]®SVUY[^SF[�QXIWó'ACP¯Lm['BVB=SVUY@VD@:RQXUÛD@:R@F['pWQ'D'@�IWSVUx4 [']Y]YB=DXPYpW�Û[¼5�DXPYBVSV['P�S
PK:F4~`!AN@�D'OeLmp�[95�ACBNx)QXIKó�IKPYQZ[=öMPY['p S
D'SV['pîD'O´ìZy�ç!î(æ���LmpK[95�ACB ½qõ UYI�B�QXIWó'ACB
yzBVSVIKpKpî['BVB>:F4ZIKPRQ%pKIKPRAC[^@
ð5SVIB48A�BVAC[^@T5�U)��ìZy�æïîðç���SVI=48AaS
Dl]YA�5NIK]RA�b�URANSVURAN@
D'@3PYD'S3[%QXIWó'ACP�LmpK[95�AaD'@3S
@?['PYBVIWSVIWDXPkA�iRIKB
SVB_IKPnD@:Y@$4=[^S
@�Iji!x�O�D'@3[%S
D'SV['p/D'O
æ �7ç%�
ì=y�æ×îwç�� � ìZy�ç�æ�í7îwæ�çZíC��SVI=48A ½

ñ òôó  (�~õ ��ö_÷����j�2./ø¼��"6*1. ó )_*1 -�
.
*1�����2.úùû.
*1õ

ü&�!"/ý � �;�/.0��ö?�^"

í :R@´4=[95?UYIKPRAqLmpK['PYPYAN@z5�D'@V@VACB
L!DXPY]mBeS
D�SVURAFû í @VQX['PYItsC[^SVIWDXP~þ ANó'ACp�ý0D'O d IWQ^ð
:Y@VA f ½Hõ UYIKB�L)pK['PYPRAN@�QXIWó'ACBE:YB�O�D@:R@ õ ['B
æ�+pK['P â [^S
@�I=5�ACBayz����ê � �XêV���:ê � �N�?x

{ &



bqIWSVU�bqUYI=5�U¯b�A�5N['P»]YIW@VA�5�SVpW�®IB48LmpWA�48ACPhSJ[�B>:YLMAN@�ó�IKBVD'@V���ßD'`ÿ5�D�D'@�]YIKPY[:ð
S
D'@aSVUY[^S�L!AN@VO�D'@T4=B0]Y��PY[94ZI=5=DXP6ðcp�IKPRAZ]RA�5NI�BVIWDXP6ð¦4=[^æ6IKPRQ,5�DXP�S
@VDXp5x/]RANSV['IKpWAC]
BVACä|:RACPx5NIKPRQn['PY]¹@VD@:RSVIKPRQ�D'Oã�
D'`mBNxe['PY]\ö)Pm['p+]YI�B
Lm[^S>5�UmIKPRQ�['B�BVIWQXPF48ACPhSaD'O
B�UY[^@VAC]8@VACBVD@:R@T5�ACB ½ãõ URA�BT:RL!AN@Vó�I�B
D'@V�?5�DXPhS
@VDXpKpWAN@+L!AN@VO�D'@<4=BîSVURA�SV['B
æ6BeD'O!SVURA
û ï DhD'@�]mIKPY[^SVIWDXP�þuANó'ACpKýTD'O d IKQ@:R@VA f ½Jõ UYIKB�4=[^S
@�Ijin@T:YpKA�ð5`m['B
AC]�5�DXPhS
@VDXpKpWAN@
Lm@VD-ó6IK]RACBJ[ O�@�[948ANb�D'@VæÛO�D'@��¿Á��|Ð��åÐ��KÇ-Ã�ÑºÃ9Ä ß�Ç<Á�ÇZD'O_SVURAnB
�6B
S
A�4 IKPF5Np=:Y]mIKPRQ
IKSVB�BVS
@T:F5�S>:R@VA%['PY]¹LY@VD'S
DO5�DXpKBNx´5�D@48LmpWA�iRIWSc�'x´5NIW@T5�:YpK[^@�bH['IWSVBNx/BVIKLmURDXPYBNxî['PY]
]YAC[']YpWDO5Væ ½îõ URAG5�DXPhS
@VDXpKpWAN@HIKBeIKp�p=:YB
S
@�[^S
AC]ZIKP d IWQ ½ � ç ['Pm]Z]RACB>5�@?IW`!AC]a`h�8SVURA
O�DXpKpWD1b�IKPRQaACäK:Y[^SVIWDXPYBC�

���
	������������	���������������	��
	�� �"!$#%�&	�'�(�
)* � � � )+-,�î�� � ).�,�î��0/ )12î��32 )1�2 y f �

45�(67��	��&��	8�"!$#%�
	����� + � � � �9* y �X�:;��<=�(#0��>?�@:;�A�����&<=�@�"!$#%�&	�'�(�
. � � � � * yË�X�

B �&<�CD���(EGF3�'�H	��I�"!$#0�
	�'�(�
J � ��K * y q �

è pKp�4=[^S
@�IjilD'L!AN@�[^SVIKDXPYBq[^@�A�]RA�öMPRAC]lS
D%`!A~I�PlSVURA�Ð��MLuÃ�ÑºÏ�Ã�ÄN�|Î�ÍO�åÃ^x�b�URAN@VA
ûTî_ýF]YACPRD'S
ACB_pWD'QXI=5N['pQP�.F['Pm]Ëû-R/ýF]YACPRD'S
ACB_pWD'QXI=5N['pãr|ç s ½3õ UYA�D1ó'AN@V`m[^@3IKP

{ Ì



y f ��]YACPRD'S
ACBepWD'QXI=5N['pRPYANQX[^SVIWDXP|y�A ½ Q ½ B
D�SVUY[^SM�
D'`mB¯5�D@48LmpKANS
A�[^@VA�]RACPRD'S
AC]a`��
ú�� ½�õ U|:YBCxYACä|:m[^SVIWDXP\y f ��[948D@:YPhSVB�S
D%rÖç sJD'L!AN@�[^SVIWDXPYB�y�O�D'@v['BVBVIWQXPx48ACP�SqD'O
@�ACB
D@:R@T5�ACB?��bqUYIKpWA+ACä|:Y[^SVIKDXPYB�y �X�cð?y q �ã[948D@:mP�SãS
DSP�.vD'LMAN@?[^SVIWDXPYB�y�O�D'@e@VACpWAC['B
A
D'Oî@VACBVD@:R@T5�ACB?� ½�ì P,�ANS
@�Ijð ô ANS�Lm[^@�p�['PF5�A'xYSVURA?5�DXPhS
@VDXpKpKAN@qB
SV[^S
A�ACä|:m[^SVIWDXP\y f �
I�B3@VACB
L!DXPYB�IW`mpWA8O�D'@0ö)@�IKPRQTSVURAFS
@�['PYB�IWSVIWDXPYBNoãSVUYA;5�DXPhS
@VDXpKpWAN@aB
SV[^S
A%ó'A�5�S
D'@ai
I�B�IKB
D@48D'@�LmUYI=5vS
DZSVUYA0ó'A�5�S
D'@�D'O¯�ANS
@?Ijð ô ANSvS
@�['PYB�IWSVIWDXPYB ½�õ URACB
A~[^@VAkÄtÐT�9ÁËÆTÃ�Ä
ACäK:Y[^SVIWDXPmBNxX['PY]�B
D�O�D'@T4 [U�V�KÄ=ÎEÍ>Ã�Ç�Î ½ãõ URA/5�DhAÓ�~5NIWACP�S¯4=[^S
@?I=5�ACBî[^@VA�B
Lm[^@�B
A'x
BVD8SVUY[^S�@VAC['pjð5SVI=4=A�5�D@4=Lx:RSV[^SVIWDXPYB�[^@�A_AC['B
�JANó'ACP|O�D'@�p�[^@VQ'A_IKP�S
AN@<5�DXPYPRA�5�S
AC]
BV��B
S
A�4ZBNouSVURA8@<:YpWACB�5N['P�`!A0ö)@VAC]�:YBVIKPYQJAÓ�;5NIKACP�S3['pWQ'D'@?IWSVUF4=B_B>:x5�U�['B_SVURAW Î�Â¦Î^Ã�ÄN�ÖÐ��¿Á�Â�Ò?X ½
õ URAk4=[^S
@�IWinO�D'@T4W:YpK[^SVIWDXP�['p�pWD-b�BC�Jy f ��5�D@48Lº:RS
AN@~BVIB4D:Yp�[^SVIWDXP�['PY]�y �X�

5�D@4=Lx:RS
AN@HI=48LmpWA�4=ACP�SV[^SVIWDXP=D'O�SVURAA5�DXPhS
@VDXpKpWAN@�DXPF['PJ[95�S>:Y['p)b�D'@Væ�ð¦5�ACp�p ½îì P6ð
Lº:RS$1a@VANLY@VACBVACP�SVB�@�[Cb¹Lm[^@VSVB�ACPhS
AN@�IKPRQqSVURA´5�ACpKp�['PY]YJ_@VANLY@VACB
ACPhSVB£5�D@48LmpWANS
AC]
SV['BVæ�B�D'@_LY@�D�]F:x5�SVBvpKAC[Có6IKPRQ%SVURA25�ACpKp ½0õ URA25�DXP�S
@VDXp�pWAN@Cx BVURD1b�PnIKP d IWQ ½ � ç x
D'`)B
AN@Vó'ACBJSVURA�Ç¿ÂnÃ@Â��|Ç-Ð��ûÂ à(�ûÂ�ÇaD'O�SVURAkB
�6B
S
A�4 D'@Jb+D'@Væhð¦5�ACpKp x�PY[94=ACpW�'x��ßD'`
ó'A�5�S
D'@Z+ , x6b�UYDXB
A�ACP�S
@�IKACBHD'O\[ f�] @VANLY@�ACB
ACP�S^[ 5�D@48L)pWANS
AC]~�ßD'`)B ] ['Pm]%@VACB
D@:R@T5�A
ó'A�5�S
D'@_.�,�xhb�URDXB
A�ACP�S
@�IKACBeD'OQ[ f�] @�ANLY@VACB
ACPhS`[ @VACBVD@:R@T5�ACB65�:R@V@VACPhSVpW�a[Có^['IKpK[^`mpWA ] ½
õ URA8ó'A�5�S
D'@ ø +a.:ù+IKB_I�B
D@48D'@VLmUmI=5�S
DlSVURAy�ANS
@�I ô ANS~LmpK[95�A8ó'A�5�S
D'@ ½ y 3 :R`Yð
BT5�@�IWLYSb[dc ] ]RACPRD'S
ACBe[ 5�D@48LmpKANS
A ] D'@e[ [Có^['IKpK[^`mpKA ] B
SV[^S>:YBCxãb�UYIKpWA=BT:R`mB>5�@�IKLYSf[hg ]
]YACPRD'S
ACBU[ B
SV[^@VS ] D'@U[ @VACpWAC['BVA ] 5�D@4k4=['PY]YB ½ � õ URA�ÆTÐ�ÑºÂ���Ð�Ä�Ä=ÎO�2ÇÓÂnÃ9Â¦Î;Îji9�FÃ9Â�ÁËÐ�Ñ
y f ��5�URA�5�æ�BlSVURA�5�DXPY]YIWSVIKDXPYBF@VACä|:mIW@VAC]ËO�D'@TL!AN@VO�D'@T4=I�PRQ\SVUYA{PRA�i�S��
D'`mBTIKP
SVUYA%BV��B
S
A�4 ½wÚ ['B
AC]ÛDXP�SVUYACB
A�5�DXPY]YIWSVIKDXPYBNxeB
S
D'@VAC]ÛI�P\SVUYA|pWD'QXI=5N['p�ó'A�5�S
D'@

{ à



Multi-Agents & Task Force
Plant

External Events
u = T *e~

u in
~

Jobs

v = T *v
e v s

~ ~

Resources
r = T *re r s

~~

Goals
y  = T *y

yout
~~Tasks complete

y

Start jobs
v
s

Start resource
   release

r
s

External
events in

e
in

Plant
Commands

External
events
present

u

Jobs completed
ve

Resources released
r
e

Tasks complete
y
out

Plant
Status

Goals
Achieved

Rule-Based Real-Time Controller

Controller state monitoring logic

x = F v +F r +F u+F u
v c r c u D D

Resource release logic

sr = S xr

Job start logic

v = S xs v

Task complete logic
y = S xy

Inner
loops

x

uD

Machine
Planner

Goals

Dynamic
Dispatcher

F
v

Sv

Plan
failure

Resource
Assignment

S = Fr v
T

F = Sr v
T

Resources

Compute F
a

S = S Fr r a
TF = F F

r a r
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� 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�IKPRQ2e@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
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@�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
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+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�
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