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unstack (hand, x, y)

Pre: 

Add: in-hand(hand,x)

on(x,y)
clear(x)
empty(hand)

Del:

empty(hand)

on(x,y)
clear(x)

clear(y)

stack (hand, x, y)

Pre: in-hand(hand,x)

Add: on(x,y)

Del: in-hand(hand,x)

empty(hand)

clear(y)

clear(x)

clear(y)

pick-up (hand, x)

Pre: 

Add: in-hand(hand,x)

Del:
clear(x)
empty(hand)

on-table(x)

clear(x)
empty(hand)

on-table(x)

put-down (hand, x)

Pre: in-hand(hand,x)

Add: on-table(x)
clear(x)
empty(hand)

Del: in-hand(hand,x)

Initial  State Goal

Planning  Problem

hand-2hand-1

� kRx@Zhd { C � X@dfZ1ZhY�W��Ot � Y9e�Z��o�&Ym_�k\gpi � ��gpc�X�c
�1Y�XKkRiK�@t��

c�XOdJghiOghc�g�k\Z t�cMkRc�dDc�Yãk9WMX@ghdfsmd�c�X@dDl9Y�kRZ�� z t�di��b@dfiUWHd�Y\[�Ym`/dfe�k\c�YmeMt�g�t�Wfk\ZpZhdR��k�. T�.a0�2�� T ] R , ] L 2 08N&� z
`@Z�k\i�g�t���0�2@=PRog¬[�c�X@dD`@e�d�WHY9iK��ghc�gpY9iKt�Y\["dfsmdfe�u�Ym`/dfe�k\c�Yme�kRe�d5twk\c�g�t UKd�� x/d�[�Y9e�dDc�X@dDdf¥�dRWHb@cwghY9i�YR[1cwX@d
Y9`¤dfeMkRc�Ymef� z smk\Zhg��a`@Z�kRioc�XUk\c�k9WMX@gpdfs9dRt1cwX@d�l9Y§k\Z h g�t�WfkRZhZhd����/T ]�] ,	��.¦�

�@Y9e�df¥Ok\_ã`@Zhd�yKW�Y9iKt
g��&dfe�c�XOd�`@Z�kRi@i@ghiOla`@e�Ymx@Zhdj_ gpi � kRx@Zhd { � � X@d�`@Z�k\i�

� N)bD.a0���� � XKk\iU�&  { y z ��y
L �8.�� R8T���N � XKkRiK�&  { y z ����g�t�smkRZhg��¤y&t
ghiKW�d�gpc1Wjk\i5x/d¨k\`@`@ZpghdR��c�YDc�X@d¨ghi@gpc�g�kRZKt�c�k\cwd�� A�Yf�"dfs9dfejy�c�X@g�t�`@Z�k\i
�&Y�dRt�i@YmcDk9W�X@gpdfs9d�cwX@d�l9Y§k\Z�y0kRiK�oX@dfiKW�d�ghc�g�t>NOT�.�W�Y9e�ewdRWHcj� � X@d�`@e�Ymx@Zhdj_
_�kHu�xKd5t�Y9Zps�dR� x�uocwX@d
`@Z�k\i�

� N)bD.a0���� � XKk\iU�&  { y z ��y L �).�� R8T���N � XKk\iU�&  { y z ��y�� N)bD.a0���� � XKk\iU�&  } y ]���y L �).�� R8T���N � XKkRiK�&  } y ]���y��
��X@g�W�XJ=YbDWHYme�e�d�WHcf�
z[L 0 ] .a=P0�2�� T ] R , ] L 2 08N g�t�k5`Kk\ewc�g�kRZhZpuaY9e��&dfe�d��ot�djc�YR[�Y9`¤dfeMkRc�Y9e�tH� z 2@=PN , 0 ] =���0�.a=PT8N YR["k�`KkRe�c�g�k\Zp 

Y9e��&dfea`OZ�k\i g�tãkªc�YmcMk\Z�YmeM�&dfeãY\[�cwX@d�Y9`¤dfeMkRc�YmeMt�WHY9iUt�g�t
c�dfi�cã��ghc�X c�XOd�`@Z�kRi *�t�`Uk\e�cwg�kRZ�Y9e��&dfef� z
`KkRe�c�g�k\Zp ¦YmeM�&dfe�`OZ�k\i�g�t��/T ]�] ,	�D.1g [�kRZhZ$ghc�t�Zpghi@dRkRe�g&%Rk\cwghY9iUt1k\ewdDWHY9ewe�dRWHcj���@Y9e�dj¥@kR_a`@Zhd§y9c�X@d�`@ewY9x@Zpdf_ ghi
� k\x@Zpd { _�kMuax/dDt
Y9ZhsmdR�ax&uãc�X@d�[�Y9ZpZhYR��ghiOl�`Kk\ewc�g�kRZh �Y9e��&dfe�`@Z�kRi C

unstack (hand-1, A)
unstack (hand-2, C)

put-down
put-down

(hand-1, A)
(hand-2, C)

� ���
� � �"!>���i��# $%�"! � G�&WG � � �������

� X@d5`@b@ew`/Y�t
d�YR[�c�X@dãk\Zpl9Yme�ghcwX@_��&dRtwWHe�gpxKdR� gpiªcwX@g�t�t
dRWHc�gpY9i(g�t�c�Y�dfi@XKkRiKWHdãkaxKk9WM�&�^k\e��& �WMXKkRghi@gpi@l
`@Z�k\i@i@dje���gpc�X�dfZhdj_adfiRcMt�Y\[�[�Yme��^k\eM�� �WMXKk\gpi@ghiOl@� � X@g�t�kRZhlmY9e�gpc�X@_ Wfk\ZpZ�t�k�xKk9WM�& ¡WMXKk\gpi@dfe�c�Y t�djZhdRWHc
Y9`¤dfeMkRc�YmeMtJe�djZhdfsRkRi@c�c�Y�cwX@d�l9Y§k\Z�k\iU�Ft�gp_Jb@Z�k\cwdRtJc�X@d�kR`@`@Zhg�Wfk\cwghYmi4YR[�cwX@dRt
d Ym`/dfe�k\cwY9eMt��FV�Y9_ãdaY\[
v e�YO�&ghlmu+*¾t1xKk9WM�� �W�XKkRghi@djeMt1��ghZpZ/x¤dJ��dRt�WHewghx@d��rgpi�V�dRWHcwghY9i��O�

}



I C

head-plan tail-plangap

G

��ghlmb@e�d { C � df`Oe�dRt
dfi�cMkRc�ghYmioYR[�kRioghiUWHY9_a`OZhdfcwd�`@Z�k\i

����� ���
	��
������������������������	! ����"�
 ghsmdfi(k�`@ewY9x@Zpdf_�yK_aY�t
c�`@Z�k\i@iOghi@l�kRZhlmY9e�gpc�X@_rt�t
cMk\ewc���ghc�X�cwX@dJdj_a`@c�uo`@Z�k\i(k\iU� _aY§�&g [�u�gpc�b@i�c�ghZ
kot
Y9Zpb@c�gpY9i�`@Z�kRi�g�t�[�Y9b@iU�/� z `@Z�k\i�_rk¢u(x/d5_aY��&g@UKdR��x&u(ghiKt
dfe�cwghi@l�koi@dj�.Y9`/djeMk\cwY9ejy�gh_a`�Y�t
ghi@l
k\i�YmeM�&dje�ghiOl�WHY9iUt�c�e�k\gpi&cjyPYme�ghiKt
cMkRi&cwg�k\cwghi@lrk�smk\e�g�k\x@Zpd�� � X@d�`@Z�k\iKt�W�Y9iKt
g��&dfewdR�o��b@e�gpi@lac�XOd�t�d�k\eMWMX
[�Y9eÛkat�YmZhb@cwghY9i(kRe�d5WfkRZhZpdR� =PN �/T8< L 2&,/.d,�`OZ�k\iUtH�$#�k9WMXogpiKWHY9_ã`@Zhdfcwd�`@Z�k\i�_�kHu�x¤dJs�ghdf��dR��kmt�k�i@YO�&d
ghi c�X@d�t
dRk\e�W¢X t�`KkmWHdoYR[�c�X@d�`@Z�k\i@iOghi@l�kRZhlmY9e�gpc�X@_£�FnoY��&g¬[�u&gpi@l(k(WHb@e�ewdfi�c�`@Z�kRi�WHYme�e�d�t�`/YmiK�@t�cwY
df¥�`Kk\iU�&ghi@lãk�i@Y@��d�� � X@dDx@eMkRiKW¢XOghi@l�[¡k9WHcwY9e�Y\["t
dRk\e�W¢X�g�t��&djc�dfew_aghi@d�� x�u�c�X@d�i�b@_�xKdfe�YR[�`KY�twt�ghxOZhd
_aY§�&gYU¤Wjk\c�gpY9iKt�Y\[�c�XOdJW�b@e�ewdfi�c�`OZ�k\i �
z i�ghiKW�Y9_a`@Zpdfc�d�`OZ�k\i�_�k�u�x¤d�e�df`Oe�dRt
dfi�c�dR�agpi _rk\i9ur�&g «¤dfewdfi�c���kfuOtH�&%�c�_�kMuaxKdJkJcwY9c�k\Zh �Y9e��&dfe

t�d �ßb@djiKWHdoYR[DY9`/djeMk\cwY9e�t � k9taghi V§c�e�gp`Kt � ��gh�RdRt�kRiK��5�gpZ�twt�Y9i y {��8X�{i� ��Yme�k�`Kk\ewc�g�k\Zh �Y9e��&dfea`OZ�k\i � k9t
ghi � �"dRk\� � ]�XKkR`@_�kRi$y {����)Xi� y 5�Y9i@ a7/ghi � � k\cwd�y {��8X�X�� y�kRiK�FV 5I7 v � n�W z ZhZpdRt�cwdfe�k\iU� � Y�t
dfi�x@Zhgpc�cfy
{����&{D� �('Kc�XOd�Y9`¤dfeMkRc�Y9e�t YR[�cwX@d�`@Z�kRi�_�k¢uãxPd�gpiKt�c�k\i�c�g�kRc�dR� � d�� lO��ghiW5�Y 7/gh_agpc �0Y9e�W�Y9i�cMk\gpi�s9kRe�g�k\x@ZpdRt
��ghcwX WHY��&dRt
ghl9iUk\c�gpY9iKt � d§� l@��gpi � �1d�k\� �('1cwX@d�e�dfZ�k\c�gpY9iKtJxKdfc
�"dfdfi�Ym`/dfe�k\c�YmeMt5k\iK��cwX@d�l9Y�kRZ�t�c�X@dju
dRt
cMk\xOZhg�t
X�_�kHuaxKd�_�k\ew�9dR�ax�u�Wjk9t�bUk\Z0ZhghiO�@t � d�� l@��ghiW5�Ymi@ a7/ghi�kRiK� V)5I7 v �M�

%�i v e�YO�&gpl9u�y�k\i5ghiUWHY9_a`OZhdfcwd1`@Z�k\iãWHY9iKt
g�t
cMt�YR[$c
�1Y�`KkRe�c�tHy&cwX@d$) , 08R � L 2@08N�k\iK��cwX@df. 08=42�� L 2@08N � t
dfd
��gpl9b@ewd { �M� � X@d�cMkRghZp ¦`@Z�k\i(g�t�x@b@gpZhc�x�u�kaxKkmW¢����kReM�& ¡WMXKk\gpi@ghi@l�kRZhl9Yme�gpc�X@_�y¤��X@g�W�X t�c�k\e�c�t�[�e�Y9_©cwX@d
l9Y§k\Z9h kRiK��k9�O�@t�Y9`/djeMk\cwY9e�tHy$Y9i@d5x�uoY9iOd�y$c�Y�k9WMX@ghdjs\d5l9Y§k\Z�Zhgpc�dfe�k\Z�t�kRiK� `Oe�dRWHYmiK�&gpc�ghYmiKt�Y\[^Y9c�XOdfe
Y9`¤dfeMkRc�YmeMtH� v ewY@�&gpl9u�_�k¢u�bKt�d5��g «¤dfe�dji�c�xKk9W�����kReM�& ¡WMXKk\gpi@ghi@lrk\ZhlmY9ewghc�XO_�tH� � X@d�cMkRghZh �`@Z�k\i�_�kMuoxKd
c�YmcMkRZh �Y9eM��dfe�Yme�`Kk\ewc�g�k\Zh �Y9e��&dfejy/�&dj`PdjiK�&ghiOl�Y9i�kJ`Uk\e�cwg�WHbOZ�k\e�xUk9WM�&�^k\eM�� �WMXKk\gpi@dfej�
� X@daX@d�k9�& �`@Z�kRi�g�tDk%��0�2 =PR
. T�.a0�2�� T ] R , ]IL 2@08N&y�c�XUk\cJg�tHy�k�t�di��b@dfiKW�d�Y\[�Y9`¤dfeMkRc�YmeMtJc�XUk\c�Wjk\i�xKd

k\`O`@ZhgpdR�*cwY�cwX@d�ghi@gpc�g�k\Z�t�c�k\cwd9eK� z ZhZ�smk\ewg�k\xOZhdRt�gpiJcwX@d1Ym`/dfe�k\c�YmeMt�YR[Kc�XOd1X@dRkm�& �`@Z�kRi5k\e�d�ewdf`@Z�k9WHdR����gpc�X
t�`¤dRWHg@U¤WJWHYmiKt�c�k\i�cMt�� � X@d�XOdRk9�& �`@Z�k\i(g�t�x@bOghZhc�x�uoc�XOd�df¥&d�WHb@c�gpY9i@ ¡t�gp_�b@Z�kRc�ghiOl�k\Zpl9Y9ewghcwX@_©�&d�t�WHewghxKdR�
ghi�cwX@dJiOdf¥&cÛt�b@xKt
dRWHcwghY9i �$%¡["cwX@d5WHb@ewe�dfi�c�gpiKWHYm_a`@Zhdjc�d�`@Z�k\i�g�t�t�bKWjWHdRt�t�[�b@ZhZpu�_aY��&g@UKdR�ocwY�k�WHY9ewe�dRWHc
t�YmZhb@cwghYmioY\[�c�XOd*`Oe�Y9xOZhdf_�y�cwX@d�X@dRk9�� ¦`@Z�k\i���ghZhZ¤x/dRW�Y9_ad�c�X@d�x¤dfl9gpi@i@ghiOl�Y\[�c�X@g�t�t�Y9Zpb@c�gpY9i$�
� X@dDt�c�k\c�d+*�kmW¢X@gpdfs9d��rx�urk\`@`@Zpu&gpi@l�c�XOd*XOdRk9�& �`@Z�k\iocwY�cwX@d�ghi@gpc�g�k\Z¤t�c�k\c�dDg�t�WfkRZhZpdR��c�XOd �"� ]D] ,DN .

bD.a0�.d,M��5�Ymc�g�WHd�c�XUk\c¨t�ghiUWHd�c�X@dDX@dRk9�� ¦`@Z�k\i�g�t�k cwY9cMkRZh �Y9e��&dfe�`@Z�k\i�c�XKkRc��&Y�dRt�i@Y9c¨WHYmi&c�k\ghi�smk\ewg�kRx@ZhdRt�y
c�XOd5WHb@e�ewdfi�c�t
cMk\cwd�g�t � NO=-, �O,/2@?WR ,/.BN , R9� � X@d�xKkmW¢�� ¡W�XKk\gpi@ghi@l�kRZhl9Yme�gpc�X@_ e�d�t�`/YmiKt�gpx@Zhd�[�Y9e�cwX@d�cMkRghZp 
`@Z�k\i�s�ghdf��t0*©kmt�ghc�t�ghiOghc�g�k\Z�t
cMk\cwd��1%¦[Dk\ZpZ�`Oe�dRWHYmiK�&gpc�ghYmiKt�Y\[Dc�X@d�c�k\gpZh �`@Z�kRi�k\ewd(t�kRc�g�t UKdR�Fgpi2*Dy
c�XOdfiocwX@d�cMk\gpZh �`@Z�kRio_�kMu�xKdJdf¥�dRWHb@cwdR��gp_a_adR�&gpkRc�dfZpu�k�[�cwdfe�c�X@dDX@dRk9�¤yKk\iK�ocwX�bKt�c�XOd*XOdRk9��k\iK��cMk\gpZ
c�Yml9dfcwX@dfe"_�k\�Rd�kDt�Y9Zpb@c�gpY9iaYR[�cwX@d�`@Z�kRi@i@ghiOlJ`@ewY9x@Zpdf_��3%¦[�t�Y9_ãd�`@ewdRWHYmiK�&ghcwghYmiKt�Y\[�c�X@d�cMkRghZh �`@Z�k\i�kRe�d
i@Ymc�t�kRc�g�t UKdR��ghi4*�y�cwX@dfi5c�X@dfewd�g�t�k 
�l§k\` �JxKdfc¡�1dfdfi5c�XOd�X@d�k9�akRiK� c�k\gpZ�� � XOd�`@b@ew`PY§t�d�YR[0`@Z�kRi@i@gpi@l
g�t1cwY�xOe�g���l9d�c�X@g�t1l�kR`$�

��ghlmb@e�d } t�X@YR��t"k\i5df¥@kR_a`@Zpd1Y\[ k\iagpiKWHYm_a`@Zhdjc�d�`@Z�kRi���gpc�Xãk�`Kk\ewc�g�kRZh �Y9e��&dfe1c�k\gpZ�� � XOg�t�`@Z�kRiaWjk\i
xKd5WHY9iUt�c�ewbKWHcwdR� x�u v ewY@��ghl9u���X@gpZhdÍt�Y9Zps&gpi@l5c�X@d�`@ewY9x@Zpdf_ ghi � kRx@Zhd { � � X@dDl�k\`�gpi�c�X@g�t `OZ�k\i(Wjk\i
xKd�x@e�g��&l9dR��x�u�k5t�ghiOl9Zhd�Ym`/dfe�k\c�Ymefy � N)bD.a0���� � XKkRiK�&  } y ]����

~



unstack
(h1, A)

h1

state
current

state
initial

goalput-down
(h2, C)

(h1, A)
put-down

gap
A C

DB
B

C

D

A
A B D C

��ghlmb@e�d } C�#�¥Ok\_a`@Zpd�YR["k\i�gpiKWHY9_ã`@Zhdfcwd�`OZ�k\i � 
�X { �at�c�k\iK�@t1[�Y9e 
�XUk\iK�&  { ���

I C G
x

y
zs

I Cs G
x

y
z

t

I Cs Gxy z I C"s Gz

I s GzC’x

x

y

y

Applying an operator (moving it to the head)Modifying the tail-plan

��gpl9b@ewd ~ C"noY��&g [�u�ghi@l�cwX@dDWHb@ewe�dfi�c�`@Z�k\i

����� � �
���!�����
	 � �
��	��  ���
 �� �  ������ � ����������� ������� ������� � �����$ ��������
 ghsmdfi(k\i�gpi@ghcwg�k\Z0t
cMkRc�d e�k\iK��k5l9Y�kRZ	hDy v e�YO�&ghlmu�t
cMk\ewcMt���gpc�X�c�X@d�df_ã`@c¦u�`@Z�k\i(kRiK�o_aY��&g@UKdRt�ghcfy
t�cwdf`�x&u t�cwdf`$y�b@i�c�ghZ^k�WHY9ewe�dRW�c�t�YmZhb@cwghYmi4`OZ�k\i�g�t*[�Y9b@iK�¤� � X@d�df_a`@c�uª`OZ�k\i�g�tJc�X@d�e�Y�Ymc�iOY@�&dãghi
v e�YO�&ghlmu+*¾t�t�dRkReMW�Xãt�`KkmWHd�� � X@d�X@dRkm��kRiK��cMkRghZ@YR[0c�X@g�t�`@Z�kRiakRe�d�y�iKkRc�b@e�k\ZhZpu�y�df_a`@c�umy&kRiK��cwX@d�W�b@e�ewdfi�c
t�c�k\cwd*g�t cwX@dDt�kR_ad�k9t�c�XOd*gpi@ghcwg�kRZ$t�c�k\cwd�y *�� e@�
z c�d�k9W�X�t
c�df` y v e�YO�&gpl9u�WfkRiF_aY§�&g [�u kªWHbOe�e�dji�c�gpiKWHY9_ã`@Zhdfcwd�`@Z�kRiFgpi4Ymi@doYR[�c��"Yª�^k�uOt � t
dfd

��gpl9b@ewd ~ �M�J��gpeMt
cfy�ghc5Wjk\i�_aY��&g¬[�uªcwX@d�cMk\gpZh �`@Z�kRi$��noY��&g@U¤Wfk\cwghYmiKt YR[�cwX@d�cMkRghZ�kRe�d�XKk\iK��ZhdR��x�u�k
t�dj`Kk\e�k\c�d�`@Z�kRi@i@gpi@lª`Oe�YOWHdR�&b@ewd�y"Wfk\ZpZhdR�! �0����
��" )\08=PN , ] � �@Yme�df¥Ok\_ã`@Zhd�y# 0����
��" )\08=PN , ] _�k�u�k9�@�
k�i@df� Y9`Kdfe�k\cwY9e�c�Y�cwX@d�cMkRghZ�Ymeagh_ã`@Y�t
d(k\i Y9eM��dfe�gpi@l�WHYmiKt�cweMk\gpi&cj� � XOg�t�`@ewY@W�dR�&b@ewd�s&gpdf��t cwX@d
WHb@ewe�dfi�c¨t�c�k\cwd * kmt cwX@d�ghi@gpc�g�k\Z0t�c�k\cwd�� z Zh_aY§t�c"k\i@uãxKk9WM�&�"kReM�& ¡W¢XUk\ghiOghi@l5`@Z�kRi@i@dfe�_rkHuax/d�bKt
dR��k9t
v e�YO�&ghlmu+*¾t$ �0���� ��" )\08=PN , ] � � �1YaxKkmW��& ¡WMXKk\gpi@dfeMt���dRt�gpl9i@dR��t�`¤dRWHgYUPWfk\ZpZhuJ[�Y9e v e�YO�&ghlmu�k\e�dD�&d�t�WHewghxKdR�
ghi�V�d�WHc�gpY9i��@�
V�dRWHYmiK�/y v ewY@�&gpl9uÍWfk\iD_aYfs�d�t
Y9_ad"Y9`Kdfe�k\c�Yme T L [�e�Y9_ c�X@d"cMkRghZ�c�Y�cwX@d�X@dRkm� � t�djd9��gpl9b@ewd ~ ��� � X@d

`@ewdRWHY9iU�&ghcwghY9iUt YR[ T L _JbUt�c�xKd5t�kRc�g�t UKdR�ogpiocwX@d�WHbOe�e�dji�c�t�c�k\c�d0*D� T L x¤dRWHY9_ãdRt1c�X@dDZ�kmt�c�Ym`/dfe�k\c�Yme
Y\[âc�X@d�X@dRkm�/yKk\iU�rcwX@dDWHb@ewe�dfi�c�t�c�k\c�d�g�t1b@`$�@kRc�dR�acwYakmWfWHY9bOi&c1[�Yme�cwX@d�dH«¤dRWHcMt1YR[�T L �

�



�@Y9e�df¥Ok\_a`@Zpd�yKc�X@d5Y9`¤dfeMkRc�Y9e L �8.�� R8T���N � XUk\iK�&  { y z ��ghi ��ghlmb@e�d } WfkRiªx¤d�_aYfsmdR� cwY�c�X@d5X@dRkm�/�
��i�cwX@d�Y9c�XOdfe1XKkRiK�/y L �).�� R8T���N � XKk\iU�&  } y ]��âWfk\i@iOY9c1xKd�_aYfsmdR�/y�x/dRWjk\bKt
d�gpcMt�`@e�d�WHY9iK��ghc�gpY9iKt�kRe�d�i@Y9c
t�kRc�g�t UKdR��ghiacwX@dDWHb@ewe�dfi�c�t�c�k\c�d � Z1ZhY�W��o]�g�t1i@Y9c�ghi�XKkRiK�&  } ���

%�i&cwb@ghcwghsRdfZhumyK�1dJ_rk¢u�c�XOghi@��c�XUk\c�cwX@d�X@dRk9�� ¦`@Z�k\i�g�t x¤dfghi@lãWfkRe�e�gpdR�aY9b@c¨ghiocwX@dJewdRk\Z$�"Y9ewZ��/y¤k\iK�
v e�YO�&ghlmuªXUk9t�k\Zpe�dRkm�&u W�XKk\i@lmdR��c�X@dã�1Y9ewZ��ª[�e�Ym_ gpcMt�ghi@gpc�g�kRZ"t�cMkRc�d�e�c�Y�cwX@d�WHbOe�e�dji�c�t�c�k\cwd *D� %¦[
c�XOd�cMkRghZh �`@Z�k\iãWHY9i�cMkRghiKt"k\iaYm`/dfe�k\c�Yme1��X@Y§t�d�`@ewdRWHY9iU�&ghcwghY9iUt�kRe�d�twk\cwg�t UUdR��ghi4*�y v e�Y��&gpl9uãWfk\i�kR`@`@Zpu
ghcjy@c�X�bKt�W�XKk\i@lmghi@lãc�X@dD��Yme�Z�� c�Yãk�i@dj� t
cMk\cwd�y¤t�kfu *����9Z1dRWfkRbKt�d�Y\[âc�X@g�t�kRiKk\ZpY9l9u���ghcwX ewdRk\Zp ¦�"Y9ewZ��
W�XKkRi@l9dRt�y/c�XOdJY9`Kdfe�k\cwghY9i�Y\["_aY�s&gpi@lãk\ioYm`/dfe�k\cwY9e�[�e�Y9_ cwX@dJc�k\ghZ$cwYac�XOd*djiK� YR[�c�X@dDX@dRkm� g�t�WfkRZhZhd��
c�XOdW0 L8L 2@= �/0�. =PT8NªYR[^k\i(Y9`/djeMk\cwY9ej�>5�Y9cwg�WHdDc�XKkRc�c�X@d�cwdfe�_ 
MkR`@`@Zpg�WfkRc�ghYmi �ae�dH[�djeMt�cwY�b�=P< �)2 0�. =PN�Q(k\i
Y9`¤dfeMkRc�YmeakR`@`@Zhg�Wfk\cwghYmi$��#âsmdfiFg¬[�c�XOd�k\`O`@Zhg�Wfk\cwghY9i Y\[�cwX@d�W�b@e�ewdfi�c�XOdRk9�& �`@Z�k\i�g�t5�&g�t�k9t
c�ewY9bKt�y cwX@d
�1Yme�Z�� ��Y&dRt1iOY9c¨t�b&«¤dfe�C v e�Y���ghl9urt�gh_ã`@Zhu5xKk9W���c�e�k9WM�@t�kRiK�oW�Y9iKt
g��&dfe�t�k\i£k\Zhcwdfe�iUk\c�gps9dDt�YmZhb@cwghYmi$�

5�Y9cwg�WHd�cwXKk\c�g¬[1�"d5k\`@`OZhu(t�Ym_adJYm`/dfe�k\cwY9egT L � g¡� d����1d�_ãYfs�dWT L c�Y�cwX@d�X@dRkm�& ¦`OZ�k\i �My�cwX@dfi`T L
��ghZpZ/`@ewdRWHdR��d�k\ZpZ/Y9cwX@dfe�Ym`/dfe�k\c�YmeMt�Y\[�c�X@d�c�k\ghZ¡� � X@dje�dH[�Yme�d�y��1dDWfk\i�kR`@`@Zhurk\i�Y9`¤dfeMkRc�Y9e�Ymi@Zhuãg [�ghc1g�t
NOT�.�Y9eM��dfe�dR��kf[�c�dfe¨k\iOu Ymc�X@dje�Y9`¤dfeMkRc�Y9e¨Y\["c�X@d�c�k\gpZ��I�@Yme�df¥Ok\_a`@Zpd�y&gpi�c�X@dDc�Ym`ª`@Z�k\i�YR[9�0ghl9bOe�d ~ y
�1d5Wjk\i(k\`O`@Zhu�Y9`/djeMk\cwY9e���Y9e��Ky/x@b@c¨i@Y9c��@� %¡[âc�X@d�c�k\ghZp ¦`OZ�k\i�g�t�c�YmcMkRZh �Y9eM��dfefy$�1d5Wjk\i(k\`O`@Zhu�Y9i@Zpu
ghc�t�UKeMt
c�Ym`KdfeMkRc�Y9ej�

%¦[@Ym`/dfe�k\c�YmeMt$ghiDc�X@d�cMkRghZp ¦`@Z�k\iDWHYmi&c�k\ghiDsmk\e�g�k\x@ZpdRtHyRc�XOdfi��1d�_�bKt�c0ghiUt�cMkRi&cwg�kRc�d T L x¤dH[�Y9ewd1kR`@`@Zpu&gpi@l
ghcj� � X@d�ghiUt�cMkRi&cwg�kRc�ghYmi�_�kHu�x/d�`/dfe
[�Y9ew_adR��x&u v e�YO�&ghlmu+*¾t _�kRcMW
X@ghi@l kRZhl9Yme�gpc�X@_�� z ZhZ�`KY�twt�ghxOZhd
ghiUt�cMkRi&cwg�kRc�ghYmiKt1_�bKt
c�x/dDWHY9iUt�g���dfe�dR�5c�Y5ghiKt
b@e�dDWHYm_a`@Zhdjc�dfi@d�t�tH�
noYRs&gpi@l(k\i Y9`/djeMk\cwY9e�[�e�Ym_ cwX@d�cMkRghZ�c�Y(c�XOdoX@dRkm�4g�tJc�X@d�Y9i@Zpu���kfu�YR[�b@`$�Ok\c�gpi@l(c�X@d�X@dRkm�& 

`@Z�k\i$� v e�Y��&gpl9u�i@dfsmdfe�ghiKt
dfe�c�t�kJi@df� Ym`/dfe�k\cwY9e��&gpe�dRWHcwZhu5ghi�cwY�cwX@d�X@dRk9�¤� � X�bKtHy@Ymi@Zhuãl9Y�kRZh �e�dfZpdfsmk\i�c
Y9`¤dfeMkRc�YmeMt�k\e�d�bKt
dR�aghi v e�YO�&ghlmu+*¾t�[�Y9ew��k\e��& ¡W¢XKkRghi@gpi@l@�
v e�YO�&ghlmu�ewdRWHY9lmi@g4%jdRt�kJ`@Z�kRi�k9t�kDt�Y9Zpb@c�gpY9iaYR[�cwX@d�`@e�Ymx@Zhdf_ g [ c�X@d¨X@dRk9�� ¦`@Z�k\i�k9WMX@gpdfsRdRt�cwX@d�l9Y§k\Z

hDyPg¡� d���kRZhZ0l9Y§k\Z0ZhghcwdfeMkRZ�t�kRe�d	� ] �O,*gpi *�� v e�Y���ghl9u�_�k�uac�dfew_aghiUk\c�dÛk�[�c�dje	UKiK�&gpi@lakãt�Y9Zpb@c�gpY9i$y@Yme�gpc
_�kHurt�dRkReMW�X [�Yme�k xKdfcwc�dfe�`OZ�k\i �
� kRx@Zhd } t�b@_a_rk\e�g&%fdRt�cwX@d�df¥�dRWHbOc�ghYmi@ ¡t�gh_�b@Z�k\cwghi@l kRZhl9Yme�gpc�X@_�� � X@d�`@Z�k9WHdRt���X@dfewd v e�YO�&ghlmu

W�X@Y�Y�t
dRtak\_ãY9i@l t�dfs�djeMk\Z¨k\Zpc�dfewiKk\cwghsRdo_ãY��&gYU¤Wjk\c�gpY9iKt�Y\[DcwX@d�WHbOe�e�dji�c�`@Z�k\i kRe�do_rk\e��mdR�Fkmt ^/0����
�
. ] 0�����=PN�Q `¤Y9gpi&c�tH�

��� � 
�� �$� �!�"��� ��� � � � � � 	  ��3�
���"��� �
Z1dfZpYf� �"d5�&g�twWHbKt�t�cwX@dJ[�Y9ew_�k\Z0`@e�Ym`/dfewc�gpdRt�Y\[ v e�YO�&ghlmu9y�b�T�� NOR8N , b/bDkRiK� �/T8< L 2&,/.d,_N , b/b�y�kRiK�ªcwX@dfghe
WHYmi@i@dRWHcwghYmi���ghcwX�c�X@d�WHYme�ewdRt�`KY9iU�&ghi@l�`Oe�Y9`¤dfe�cwghdRt�Y\[� 0����
��" )\08=PN , ] � � d�t�XOY\� c�XUk\c v e�YO�&ghlmuªg�t
k\Zp��kfuOt�t�Ymb@iK�/y0��X@ghZpdJghc�t�WHYm_a`@Zhdjc�dfi@d�t�t��&df`¤dfiK�@t�Y9i(c�X@d5t
dRk\e�W¢X(t
c�eMkRc�dflmu�bKt�d��ox&u v ewY@��ghl9u£k\iK�
Y9i�c�X@d  0����
��" )\08=PN , ] `@ewY@WHd��&b@e�d§�
���
��� 	�� �&�f� ��� L 2@08N ;�T�� NOR ^�?�� ] T�R8=!Q8?�;�T ] 0 Q8= �i,DN LV] T8^�24,D<M=Yb 0�2 ��08?�bf0 �/T ]�] ,	�D. b�T�2 �).a=PT8N�Td;

.-) , LV] T8^D24,D<J�
��� ���R��� ���a��� ���0�
������� Z1u WHY9iKt
c�ewbKWHc�gpY9i$y�c�XOdoX@dRkm�& �`@Z�kRiFg�t�k�`@Z�k\iFcwXKk\cãWfkRi4x¤d�s9kRZhg��&Zhu

k\`O`@ZhgpdR� cwY cwX@dJgpi@ghcwg�kRZ�t
cMk\cwd�� v e�YO�&ghlmu�c�dfew_aghiKkRc�dRt1��XOdfi�c�X@d�lmY�kRZ h g�t¨t�k\cwg�t UKdR�oghi�c�X@d5W�b@e�ewdfi�c
t�c�k\cwd *DyOk9WMX@ghdfsRdR�5x&uãk\`@`OZhu�ghi@lDc�X@d�XOdRk9�& �`@Z�k\i$� � X@dfewdH[�Y9ewd�y&b@`KYmi cwdfe�_ãghiKkRc�ghYmi$y9cwX@d�X@dRkm�& �`@Z�kRi g�t
k5WHY9ewe�dRWHc"`@Z�kRiocwXKk\c�kmW¢X@gpdfs9d�t hJ� �
� X@dJcwX@dfYme�df_>t�X@Ym��t cwXKk\c v ewY@�&gpl9u =YbDk5t�Y9bOiK� `@Z�k\i@iOdfe�dfs9djiog [  0����
��" )\08=PN , ] g�t i@Ymc�t�Ymb@iK�/�

� X@g�t�`@e�Ym`/dfewc�uJdjiKk\x@ZpdRt$bKt�c�Y¨bKt�d�b@iUt�Y9bOiK� xUk9WM�& ¡W�XKk\gpi@ghiOl�k\Zpl9Y9ewghcwX@_�tH� � X@d�bUt�d�Y\[¤b@iUt�Y9bOiK��kRZhlmY9 
e�gpc�X@_rt�t�Ym_adfc�gp_adRt$gh_a`Oe�Y�s�dRt�`/dfe
[�Y9e�_rk\iKWHd§y9xKdRWfk\bUt�d�gpiKt�b@ewghi@lÍWHY9ewe�dRW�c�i@dRtwt�ghi5xKk9WM�&�^k\e��& �WMXKkRghi@gpi@l

|



���
��	���� �
{ ��%¦[0c�X@d�lmY�k\Z h�g�t�twk\cwg�t UUdR� gpi cwX@dDWHb@ewe�dfi�c�t
cMk\cwd *�y@c�XOdfi�e�dfcwb@e�i��f, 08R � �B2@08N&�
} ��#�ghcwX@dfe

� z �  �0����
� " )\08=PN , ] _ãY��&g@UKdRt �\08=42�� �B2@08N&y/Yme
� Z ��� L , ] 0�.aT ] � �	L8L 2 = �/0�. =PT8No_aY�s�dRt�k\i�Y9`Kdfe�k\c�Yme [�ewY9_ �\08=42�� �B2@08N�cwY	�f, 08R � �B2@08N&�

 �0����i. ] 0�����=PN�Q L T8=PN .�
�^/T�. ) 0�2!. , ] NO0�.a= �$, b < ��bD.B^�,��/T8N)b�=PR , ] , R 3
~ � � dRWHb@e�t�ghsRdfZpuaWjk\ZhZ � ] T�R8=!Q8?�YmiocwX@d�e�dRt
b@Zhcwghi@lD`@Z�kRi$�
� � ���\���
�K��
�� �������¦������� �
�
{ � v g�W���kRi�Y9`/djeMk\cwY9e T L gpi �\08=42�� �B2@08N(t�bKW�X�c�XKkRc

� z ��c�X@dfewd�g�t1iOY�Ym`/dfe�k\c�Yme�gpi �O08=42�� �	2 08N£YmeM�&dje�dR�ax/d�[�Y9e�dgT L yOk\iK�
� Z ��cwX@d�`@e�d�WHY9iK��ghc�gpY9iKt1YR[�T L k\ewd�t�kRc�g�t UKdR�agpi cwX@dDWHb@ewe�dfi�c¨t�c�k\c�d *D�

 �0����i. ] 0�����=PN�Q L T8=PN .�
�0�2P2+b"� �() T L , ] 0�.aT ] b < � bD.B^�,��/T8N)b�=PR , ] , R 3
} ��%�iKt�c�k\i�c�g�k\c�d T L g [0i@dRW�dRt�twk\e�u§�
~ �"noYfs�dgT L cwY�c�X@d�dfiU� Y\[��f, 08R � �B2@08N�k\iK��b@`$�@kRc�d�c�XOdJW�b@e�ewdfi�c�t�c�k\c�d+*D�

� k\x@Zpd } C�#�¥�dRWHb@cwghYmi@ �t
gh_Db@Z�kRc�ghiOl5k\ZhlmY9ewghc�XO_

`@Z�k\i@i@gpi@l�_�kHu�x¤d�dj¥&`KdfiKt
ghsmd�y\d�t�`KdRWHg�k\ZhZpu [�Yme�`Uk\e�cwg�kRZh �Y9eM��dfe�`OZ�k\iUtH� � d���dRt�WHewghxKd�ghi�c�XOd1i@df¥�c0t�d�WHc�gpY9i
c
��Y�b@iUt�Y9bOiK�o`Kk\ewc�g�k\Zh �Y9e��&dfe�xKkmW¢�� ¡W�XKk\gpi@dfeMt1bUt�dR��ghi v e�YO�&ghlmu9�

5�df¥�c���d5kRiKk\Zpu %fdÍWHY9_ã`@Zhdfcwdfi@dRtwt�YR[ v ewY@�&gpl9u�� z `@Z�k\i@iOdfe�g�t�twk\g��oc�YaxKd � T8< L 2&,/.d,�g¬[�ghc�g�t�k\xOZhd
c�Y>UKiK��k5t�YmZhb@cwghY9ia[�Yme�kRi&u�t
Y9Zps9kRx@Zhd�`@ewY9x@Zpdf_��

����� ��� �ß�
� � �&�f� ��� ; Z�k9W��� �]�XUk\ghiOdfe�=Yb �/T8< L 24,/. ,��f08NOR�= ; � ] T$R8=!Q ? ,�� L 2 T ] , b�kRZhZ ^ ] 08N � ) , b�Td;
.-) , bi, 0 ] � )�b L 0���,�� ,�3#Q 31^�?�.-) ,g^ ] , 08R�.-) � . ] bD. bi, 0 ] � )6T ] =4.d, ] 0�. = �i,�R ,/, L ,_NO=PN�Q����f.-) ,DN � ] T�R8=!Q8?W=Yb�0
�/T8< L 24,/. , L 2@08NON , ] �
��� ���R��� ������� � �0� ����� � %¦[��"d*ewdf_aYfsmdDk\ZhZ0x@e�k\iKWMX@dRt1YR[ v e�YO�&ghlmu+*¾t�t
dRk\e�W�X�t�`Uk9WHdD��X@dfe�d�Ym`/dfew 

k\cwY9e�t�k\ewd�_aYfs9d�� c�Yãc�X@dDX@dRk9�¤y/c�X@dji v e�YO�&ghlmu�Wfk\i�Ymi@Zhu�_aY��&g¬[�uac�XOd�cMk\gpZh �`@Z�kRi � x&u�WfkRZhZhgpi@l  �0����
�
" )\08=PN , ] �MyKkRiK�oc�X�bUt v e�YO�&gpl9uV*�t�t�`Uk9WHdDx/dRWHYm_adRt�g��&dfi�cwg�WfkRZ/cwY�cwX@d�t
dRk\e�W�X�t�`Uk9WHdDY\[  0����
��" )\08=PN , ] �
� d�WHY9iUWHZhbK��d�c�XKkRc  �0���� ��" )\08=PN , ] *�t�t�`KkmWHd�g�t1k b"� ^_bi,/.�Y\[0cwX@d�dfi�c�gpe�d�t
`Kk9WHd¨Y\[ v ewY@��ghl9u§�&%¡[�k�`@Z�kRi@ 
i@gpi@lJ`@ewY9x@Zpdf_ XKk9t�k�t
Y9ZhbOc�ghYmi$y&cwX@dfi�c�XOd�t�`KkmWHd�YR[�k�WHYm_a`@Zpdfc�d  0����
��" )\08=PN , ] WHY9i�cMkRghiKt�k�t
Y9Zpb@c�gpY9i
`@Z�k\i$y�kRiK�Jc�XOdfe�dH[�Yme�d v ewY��&ghlmu+*¾t�t
`Kk9W�d�k\Z�t
Y�WHYmi&c�k\ghiUt cwX@g�t0t�YmZhb@cwghY9i�`OZ�k\i ��Z1uDt�bKWjWHdRt�t
ghsmdfZhu�kR`@`@Zpu&gpi@l
k\ZpZ$Y9`¤dfeMkRc�Y9e�t1Y\[�cwX@g�t1`OZ�k\i y v ewY@��ghl9uã��ghZhZ UKiK��c�X@dDt�YmZhb@cwghYmi XOdRk9�& �`@Z�k\i�kRiK� cwdfe�_ãghiKkRc�d�� �
� X@da`@ewY�Y\[¨t
X@YR��t*c�XUk\c v ewY@�&gpl9uV*�t�t�d�k\eMWMX t�`KkmWHd �/T8N .a08=PN)bacwX@dãt�`KkmWHd�YR[� �0���� ��" )\08=PN , ] y�k\iK�

c�XUk\c�c�XOda`Kk\cwX�c�Y(k�t�YmZhb@cwghYmi�ghi v ewY@�&gpl9uV*�tDt�`KkmWHd�g�t*ZpY9i@lmdfe�c�XUk\i  �0���� ��" )\08=PN , ] *�tJ`KkRc�X�c�Y�cwX@d
t�kR_ad�t
Y9ZhbOc�ghYmi$� � X�bKtHy�c�X@d�x@ewdRk9��c�X@ PUKeMt
cat
dRk\e�W¢X�x�u v e�YO�&ghlmuª�"Y9b@Z��4g�tJZhdRtwt*d��rWHghdji9c�c�XUk\iFcwX@d
t�d�k\eMWMXax�u  0����
��" )\08=PN , ] � v e�YO�&ghlmuaxKdRWHYm_adRt�d��rWHghdfimc1Ymi@Zhu5��X@dfi�ghc"bKt�d�t1c�X@d���df`@c�XO  UKe�t�c�t
dRk\e�W�X$�

� � ! �! #"+�%$ ! �i�
�i� # $��	� ��G 

� �	G K

� d�i@YR� c�b@ewiªYmb@eDk\c�cwdfi�c�ghYmiªcwY  �0����
� " )\08=PN , ] `@ewY@W�dR�&b@ewdRt�bKt
dR� gpi v ewY@�&gpl9u�� � d�`Oe�dRt
dfi�c�c���Y
Y\[DcwX@d v e�YO�&ghlmu+*¾t  0����
��" )\08=PN , ] b�y�Ymi@d�Y\[D��X@g�W�X�Y9`/djeMk\cwdRt���ghc�X�cwY9c�k\Zh �Y9e��&dfe�cMkRghZp ¦`@Z�k\iKt�y���X@ghZpd
c�XOdaY9cwX@dfeJg�tJk�`Kk\ewc�g�kRZh �Y9e��&dfeJ`OZ�k\iOi@dfef� � dRWfk\ZpZ�c�XKkRc�c�X@dãWHY9_ã`@Zhdfcwdfi@dRtwt�Y\[ v ewY@�&gpl9u �&df`KdfiK�Ot*Y9i
c�XOd  �0����
��" )\08=PN , ] � ��iocwX@d�Y9cwX@dfe�XUk\iK�/y¤c�X@dÍt�Y9bOiK�&i@dRtwt�Y\["xKk9WM�� �W�XKkRghi@gpi@la`@ewY@W�dR�&b@ewdRt g�t iOY9c�k
WHYmiKWHdfewi$�

&



I C G’ Gyx
DB

A C

goal
(h1, A)

put-down
DBA C

init gap
gap tail-plan

(a)  Representation of a total-order tail-plan (b)  Example of a tail-plan

��ghlmb@e�d��\C � Y9c�k\Zh �Y9ewdR�&dfe�cMkRghZ¤`@Z�kRi

� ��� �0�&�
�� � ��� �$�����$� ��� � � �"���(�"���

� X@g�t�k\ZhlmY9ewghc�XO_ e�df`Oe�dRt
dfi�cMtJcwX@d�cMk\gpZ�k9t�k�c�YmcMk\Zp ¦YmeM�&djeat
di�ßbOdfiKWHdaYR[�Ym`/dfe�k\cwY9eMt � t�dfdW��gpl9b@ewd���k ���
5�df�>Y9`/djeMk\cwY9e�tak\ewd�k9�O�&dR�Fc�Y(c�XOdox/djl9ghiOi@ghi@l(Y\[Ûc�X@d(t
di�ßbOdfiKWHd�� � X@dfiFcwX@g�t  �0����
��" )\08=PN , ] g�t
WfkRZhZhd��oc�Y�_aY��&g¬[�uoc�XOd�c�k\ghZ¡y/ghcDW�X@Y�Y�t
dRt�k\i�bOiKk9WMX@ghdjs\d�� `@ewdRWHYmiK�&ghcwghYmiªYme*lmY�kRZ1Zhgpc�dfe�k\Z�k\iK� k9�@�@t�k
i@df� Y9`¤dfeMkRc�Yme�cwXKk\c�kmW¢X@gpdfs9d�t1c�X@g�t1ZhghcwdfeMkRZ�� z ZpghcwdfeMkRZ��$g�t�WHY9iKt
g��&dje�dR��� NO0�� )\= ,��$,DRag [
� { ��� �&Y�dRt1i@Ymc�X@YmZ���ghiacwX@dDWHb@e�ewdfi�c�t�cMkRc�d *�yKkRiK�
� } ���¤g�t�i@Ymc�dRt�c�k\x@Zpg�t�XOdR�ax&u�kRi&uã`@e�dRW�dR�&ghiOlJY9`¤dfeMkRc�Yme�YR[�cwX@d�cMk\gpZ$`@Z�kRi$�

�@Y9e�df¥Ok\_a`OZhd�yKl9gps9dfi(c�X@d5`@Z�k\i t�X@YR��i(ghi ��ghlmb@e�d��mx$y�cwX@d  0����
��" )\08=PN , ] _rkHu�km�@�ªc�XOd�Ym`/dfe�k\c�Yme
L �8.�� R8T���N � XKkRiK�&  } y¬]���c�Y�kmW�X@ghdjs9docwX@dolmY�kRZ�Zhgpc�dfe�k\ZfT8N � .a08^�24, � ]��My�c�X�bKt�lmdfi@dfe�k\cwghi@l(c�X@d�cMkRghZh �`@Z�k\i

 L �8.�� R8T���N � XKk\iK��  } y ]���y L �8.�� R8T���N � XKkRiK�&  { y z �M� �
� X@d¨t�dfc�YR[¤b@iKk9WMX@gpdfs9dR�JlmY�kRZPZpghcwdfeMkRZ�t�kRiK�Jb@iKkmW¢X@gpdfs9d��JY9`/djeMk\cwY9e�`@ewdRWHY9iU�&ghcwghY9iUt�ghi�cwX@d�cMkRghZh �`@Z�k\i

_�kHuãx/d�s&gpdf��dR�okmt�c�XOd �"� ]D] ,DN .BQ8T�0�2�Y\[â`@Z�kRi@i@ghiOl@��7/dfc�bKt���dfi@Y9cwdJcwX@g�t�t�dfc�x�u h � �9�@Y9e�dj¥@kR_a`@Zhd§y
c�XOd�WHb@ewe�dfi�c�lmY�k\Z�h � YR[�cwX@d�`@Z�k\i�ghi ��ghlmb@e�d��mxaghiUWHZhbK��dRt�cwX@d�b@iKkmW¢XOghdfsmdR��l9Y§k\Z$Zpghc�djeMk\Z�T8N �a. 08^�2&, � ]��
k\iU� c�XOd*`Oe�dRWHYmiK�&gpc�ghYmi =PN � )\08NOR � XKkRiK�&  { y z ��Y\[ L �8.�� R8T���N � XKk\iK��  { y z ���

%�i@ghcwg�k\ZpZhuRy$��X@dfi(c�XOd�c�k\ghZp ¦`OZ�k\i�g�t�df_a`@c�u�y$c�X@dãWHb@ewe�dfi�c¨l9Y�kRZ�WHYmiKt�g�t�c�tÛYR[�cwX@d�lmY�kRZ1Zhgpc�dfe�k\Z�t cwXKk\c
k\ewd�i@Y9cÛt�k\cwg�t UKdR�oghi�c�X@dDghi@gpc�g�k\Z0t�c�k\cwd8C h � � h
	JeP� � X@dfi(k�iOdf� Y9`¤dfeMkRc�Yme T L g�t¨k9�@�&d��oghiocwX@d
xKdfl9gpi@i@gpi@loYR[�c�X@dac�k\gpZh �`@Z�kRi$y� 0����
��" )\08=PN , ] e�df_ãYHs�dRt�[�e�Ym_ h � c�X@daZpghcwdfeMkRZ�t�kmW¢X@gpdfs9d�� x�uST L k\iK�
k9�O�@t�c�YWh � c�X@dD`@e�d�WHY9iK��ghc�gpY9iKt�Y\[ T L c�XKkRc�k\ewdJi@Ymc�t�kRc�g�t UKdR��ghi�c�X@dÍWHb@e�ewdfi�c¨t�cMkRc�d0*D��%¦[ v e�YO�&ghlmu
_aYfsmdRt>T L [�ewY9_
cwX@d�xKdfl9gpi@i@gpi@laY\["cwX@dJc�k\ghZp ¦`OZ�k\i�cwYac�XOd�dfiK� YR["c�X@d�X@d�k9�& �`@Z�kRi$ych � k\Z�t�Ya_�bUt�c�xKd
b@` �@k\cwdR�/� � Y*`¤dfe�[�Yme�_.cwX@g�t�b@` �@k\cwd�y��1d�XKk\smd�cwYJ��i@YR�Fc�XOd�l9Y§k\Z/ZpghcwdfeMkRZ�t�kmW¢X@gpdfs9d�� x�uWT L ���@Y9e"c�X@g�t
e�d�k9t�Ymi$y@��d�dRt
cMk\xOZhg�t
XaZhgpi@�Ot�[�ewY9_ dfs9dje�u5Y9`/djeMk\cwY9e"Y\[0c�XOd�cMkRghZh �`@Z�k\iacwY�c�X@d�Zhgpc�dfe�k\Z�t�kmW¢X@gpdfs9d���x�u�cwX@d
Y9`¤dfeMkRc�Ymef�
� kRx@Zhd ~ t�bO_a_�k\ewg4%fdjtPYmb@e0c�Y9c�k\Zp ¦YmeM�&dfe�xKk9WM�& ¡W�XKkRghi@gpi@l�kRZhlmY9e�gpc�X@_£�cZ1u¨ghcMt
dfZ [wyRc�XOg�t$xKk9W��� �WMXKkRghi@gpi@l

k\Zpl9Yme�ghcwX@_
g�t�i@YmcJW�Y9_a`@Zpdfc�d§�IA�Yf�"dfs9djefy/gpi(WHY9_Dx@ghiKkRc�gpY9i(��ghc�X v ewY@�&gpl9uV*�t�dj¥&dRW�b@c�gpY9i@ ¡t�gp_*bOZ�k\cwY9e�gpc
_�kR�\d�t�k�WHYm_a`@Zpdfc�d�`@Z�kRi@i@dfej�

� ��� � �&� � ���� � ��� �$�����$����� � � � ���(�"���
�

1�
� � 
��H�R���0�9�����
� 	 ���¦���0� � z t�gp_a`@Zhd�`Uk\e�cwg�kRZh �Y9eM��dfe  0����
��" )\08=PN , ] Y9`¤dfeMkRc�dRt���ghc�X `@Z�kRiKt*cwXKk\c
k\ewd�Yme�l§k\i@g&%fdR��kmt*c�ewdfdRt � t
dfdg��ghlmb@e�d | ��� � X@d�ewY&YmcJYR[�c�X@d5c�ewdfd�g�t�c�X@d5l9Y§k\Z hDy0Y9c�XOdfeJi@Y���dRtJkRe�d
Y9`¤dfeMkRc�YmeMtHy¤k\iU�odR�&l9d�t�kRe�dJYmeM�&dje�ghiOl�WHY9iUt�c�e�k\gpi&c�tH��#�k9WMXol9Y§k\Z�ZpghcwdfeMkRZ/g�t�Zhgpi@�9d�� c�Y5c�XOdJY9`¤dfeMkRc�Yme�Y\[
c�XOd*c�k\gpZh �`@Z�kRi cwXKk\c���kmt�t
dfZhd�WHc�dR��c�Yãk9WMX@gpdfsRd*gpcf�
z l9Y�kRZ�ZpghcwdfeMkRZ/Y9e�`Oe�dRWHYmiK�&gpc�ghYmi��$ghi�k�c�e�djdf ¦Zpgh�Rd�cMkRghZh �`@Z�k\i�g�t�� NO0�� )\= , �i,/R g¬[
� { ��� �&Y�dRt1i@Ymc�X@YmZ���ghiacwX@dDWHb@e�ewdfi�c�t�cMkRc�d *�yKkRiK�

X




 �@�R� � 
 �5�
	 ��� 
����@� � 
 ����� � � �&�
{ � v g�W���kJZpghcwdfeMkRZ��/[�ewY9_ h � �
 �0����i. ] 0�����=PN�Q L T8=PN .�
�0�2P2 2@=4. , ] 0�2 b Td;Ih � < ��bD.B^�,��/T8N)b�=PR , ] , R 3

} � v g�W���kRi�Y9`/djeMk\cwY9e T L cwXKk\c¨k9W�X@gpdfs9d�t����
 �0����i. ] 0�����=PN�Q L T8=PN .�
�0�2P2+b"� �() T L , ] 0�.aT ] b < � bD.B^�,��/T8N)b�=PR , ] , R 3

~ � z �@��T L ghi�c�X@d�xKdflmghi@i@gpi@l�Y\[ �O08=42�� �	2 08N&�
#�t�c�k\x@Zpg�t�X£kJZhgpi@� [�ewY9_ T L cwY ���
%¦[�T L k9WMX@ghdjs\d�t1Y9c�XOdfe�ZpghcwdfeMkRZ�t�YR[9h � y&d�t�cMkRx@Zhg�t�X�ZhghiO�@t�c�Y5c�X@dRt
d�Zhgpc�dfe�k\Z�t�k9t���djZhZ��

�@�"noY��&g¬[�u�h � C�e�df_ãYHs�d�Zhgpc�dfe�k\Z�t1k9W�XOghdfsmdR�ax&u�T L k\iK�
k9�O� `@ewdRWHY9iU�&ghcwghY9iUt1Y\[ T L c�XKkRc�k\ewd*iOY9c¨t�k\cwg�t UKdR� gpi *J�

� k\x@Zpd ~ C � YmcMk\Zp ¦YmeM�&dje�xKkmW��& ¡WMXKk\gpi@ghi@l5kRZhlmY9e�gpc�X@_

GI C
x

y

gap tail-plan

z

�0ghl9bOe�d | C � ewdfdf ¡t�cwe�bKWHcwb@e�d��rc�k\gpZh �`@Z�kRi

� } ���¤g�t�i@Ymc�ZhghiO�9dR�a��ghcwX�k\i�uaY9`¤dfeMkRc�Y9ej�
� X@dfiãc�X@d�xKk9WM�� �W�XKkRghi@gpi@lJ`Oe�YOWHdR�&b@ewd�g�t"Wfk\ZpZhdR�JcwYJ_aY��&g¬[�uJcwX@d�cMkRghZ¡yßgpc"W�X@Y&Y§t�dRt"t�Ym_ad�ZpghcwdfeMkRZ��@[�e�Ym_
c�XOd�t�djc h � Y\[�b@iUk9WMX@ghdfsmdR� ZpghcwdfeMkRZ�tHy¤k9�O�@t�k�i@dj� Ym`/dfe�k\cwY9e T L cwXKk\cÛk9WMX@ghdfsRdRt ��y¤k\iK�od�t�cMkRx@Zhg�t�X@d�t�k
Zhgpi@��[�e�Y9_ T L c�Y �¡� � X@dDt�b@_a_rk\e�u�YR[�c�XOdJkRZhlmY9e�gpc�X@_>g�t�t�XOY\��i�ghi � k\x@Zpd*�O� ��i@d�_�kHuasmdfe�g¬[�u�cwXKk\c
.-)\=Ybf^/0����
���()\08=PN , ] =Yb �/T8< L 24,/. ,M�
� X@d�xKkmW��&cweMk9WM��ghi@l5`KY9ghi�c�gpiªV�cwdf` { YR[�c�XOd5k\ZhlmY9ewghc�XO_ _rkHu�xPdDe�di��b@gpe�dR�a[�Y9e�c�X@dDd���W�ghdfiKW�uaY\[

c�XOd��&df`@cwX@  UUeMt�c�`@Z�kRi@i@ghiOl@y�x@b@c�iOY9c�[�Y9e�W�Y9_a`@Zpdfc�dji@dRt�t�� %¦[ v ewY@��ghl9uDl9dfiOdfeMkRc�dRt�cwX@d�dfi�cwghe�d"cMkRghZ@xKdH[�Yme�d
k\`O`@Zhu�ghi@l5ghcjy@�1dÍ�&Y�iOY9c�i@djdR�ax@eMkRiKW¢XOghi@l5Y9i�V�cwdf` { � � dJ_�kHuã`@g�W���`@ewdRWHY9iU�&ghcwghY9iUt gpiokRi&u�YmeM�&dfejy
t�gpiKWHd�gpc��&Y�dRt1i@Y9c�_�kRc�c�dje1ghi���X@g�W�X�Y9eM��dfe��"d�k9�O� i@YO�&dRt1cwY�Ymb@e�cwe�dfdj ¦`@Z�k\i$�
� � � �������0��� 	 ���O� � 
M���0� � � ��� � V§Y9_adfcwgh_ad�tHy�kª`@ewdRWHYmiK�&ghcwghYmiFY\[ÍkRi�Y9`/djeMk\cwY9eagpi kª`KkRe�c�g�k\Zp 
Y9e��&dfe�c�k\ghZp ¦`OZ�k\i�_�kMuaxKdDk9WMX@ghdjs\d��rx�uãk\i@Ymc�X@dfe�Y9`¤dfeMkRc�Yme�Y\[�c�X@d�cMkRghZ¡���@Y9e�df¥Ok\_ã`@Zhd�y�Ym`PdjeMk\cwY9e �aghi
��gpl9b@ewd | _�kHuad�t�cMkRx@Zhg�t�X�t
Y9_ad¨`@e�dRW�Y9iK�&gpc�gpY9iaYR[ �K� � X@dfi��1d¨_�kHuãk9WMX@ghdfsmd�c�XOg�t1`@ewdRWHY9iU�&ghcwghY9iãY\[ �
x�u*d�t�cMkRx@Zhg�t�X@gpi@l�k�Zpghi@��[�ewY9_ �JcwY��*e�k\cwX@dfe0c�XKkRiakm�@�&ghiOl�k�i@df��Ym`/dfe�k\c�Ymef� � X@dfi�dRt
cMk\xOZhg�t
X@ghiOl�i@df�

���@�f����� � 
 �5�
	 �&� 
����@� � 
 ����� � � �&�
{ � v g�W���kJZpghcwdfeMkRZ��/[�ewY9_ h � �
 �0����i. ] 0�����=PN�Q 
 0�2P2+b"� � )W2@=4.d, ] 0�2 bf< ��bD.9^�,��/T8N8b�=PR , ] , R 3

} � v g�W���kRi�Y9`/djeMk\cwY9e T L cwXKk\c¨k9W�X@gpdfs9d�t����
 �0����i. ] 0�����=PN�Q L T8=PN .�
�0�2P2+b"� �() T L , ] 0�.aT ] b < � bD.B^�,��/T8N)b�=PR , ] , R 3

~ � z �@��T L c�Y�c�XOd*`OZ�k\i£k\iK��dRt�c�k\x@Zpg�t
XokJZpghi@��[�e�Ym_ T L c�Y �¡�
�@�"noY��&g¬[�u�h � C�e�df_ãYHs�d � k\iK��k9�@��`@e�dRW�Y9iK�&gpc�gpY9iKt1YR[ T L cwXKk\c¨k\ewd�i@Y9c¨t�kRc�g�t UKdR�aghi *D�

� k\x@Zpd*�\C Z�k9WM�& ¡W�XKkRghi@dfe�lmdfi@dfe�k\cwghi@l�cwe�dfdf ¡t�cwe�bKW�c�b@ewdR�a`@Z�kRiKt

�



Choose  an  operator  to  apply Choose  a  literal  of  G’  to  achieve

Back-Chainer

Top-Level

operator  or  to  modify  Tail-Plan
Decide  wheter  to  apply  an

apply modify

Operator-Application

Choose  an  operator
that  achieves  this  literal

��ghlmb@e�d & CBZ1eMkRiKW�X@gpi@l5�&dRWHg�t�gpY9iKt

Zhgpi@�OtHy$��d�_�bKt
c�_�k\�Rdãt�b@ewd�cwXKk\cDZhghiO�@t���Yoi@YmcÛ[�Yme�_©ZpY&Ym`KtH�g�UYme�df¥@kR_a`@Zpd�y/�1d5Wjk\i@i@YmcJdRt
cMkRx@Zhg�t�X
kªZpghi@��[�e�Ym_ � cwY � � ��gpl9b@ewd | ��� � d£Wfk\i�ewdRk9�&gpZhu�df¥�c�dfiU�4Y9bOea`Kk\ewc�g�k\Zh �Y9e��&dfeaxUk9WM�& ¡W�XKk\gpi@dfeacwY
c�XOdJ`@ewY�WHdR�&b@ewdJcwXKk\c�i@Y9c�Y9iOZhu�k9�@�Ot�i@df� Y9`¤dfeMkRc�Y9e�t�x@b@c¨k\Z�t�Y5dRt�c�k\x@Zpg�t
X@dRt�i@df� Zpghi@�Ot1xKdfc
��djdfioYmZ��
Y9`¤dfeMkRc�YmeMt�Y\[�c�X@d�cMkRghZp ¦`@Z�k\i$�

� �M�������i�
K ��� �

� X@d v e�YO�&gpl9uJ`OZ�k\iOi@ghi@lÛk\ZhlmY9ewghc�XO_ ghi�c�dje�Zhd�k¢s�dRt0xKk9WM�&�"kReM�& ¡W¢XUk\ghiOghi@l�`@Z�k\i@i@gpi@l���gpc�X�c�XOd�t�gh_Db@Z�kRc�gpY9i
Y\[ `@Z�kRi�df¥�dRWHb@cwghY9i � � XOd�xKkmW¢�� ¡W�XKk\gpi@dfe�g�t�e�dRt
`/YmiKt�gpx@Zhd1[�Yme�c�X@d�lmY�kRZh ¡�&ghewdRWHc�d��J`@Z�kRi@i@ghiOlOC�ghc0`@ewY9s�g��&dRt
c�XOd�df¥�dRWHbOc�ghYmi@ ¡t�gh_�b@Z�k\cwY9e���ghcwXªYm`/dfe�k\c�YmeMt�e�dfZpdfsRk\i�c�c�Y�c�XOd�lmY�k\Z"Y\[^c�X@d5`@Z�kRi@i@gpi@l�`@e�Ymx@Zhdf_£� � X@d
t�gp_Jb@Z�k\cwY9e5_aY��&djZ�t�`PY§t�t
ghx@Zpd �^kfu@t�Y\[DkR`@`@Zpu&gpi@l�l9Y§k\Zh �e�djZhdfsmk\i�c5Y9`/djeMk\cwY9e�t cwYªcwX@d�ghi@gpc�g�kRZ�t�c�k\c�d�Y\[
c�XOd ��Yme�Z���kRiK�FWHYm_a`@b@cwdRt�c�X@d�ewdRt�b@Zpc�gpi@l�WHbOe�e�dji�c5t�cMkRc�d�� � X@d�df¥�dRWHb@cwghY9iO �t
gh_�b@Z�kRc�Yme�ghiKt
b@e�dRtJcwX@d
t�Ymb@iK�&iOdRt�t�Y\[�`OZ�k\iOi@ghi@lOy@��X@ghZpd�c�XOd*xUk9WM�& ¡W¢XUk\ghiOdfe�g�t1ewdRt�`KY9iUt�ghxOZhd�[�Y9e�cwX@dDWHY9_a`OZhdfcwdfi@dRtwtH�

%�iKWHY9_ã`@Zhdfcwd�`@Z�kRiKtal9dfi@djeMk\cwdR��x&u v ewY@��ghl9u ��X@ghZpd(t�dRkReMWMX@ghiOlª[�Y9e�k�t�YmZhb@cwghY9i WHYmiKt�g�t�c�Y\[Íc���Y
`KkRe�cMtDC � { ��cwX@d�smkRZhg���c�YmcMkRZh �Y9eM��dfeJX@d�k9�& �`@Z�kRi$y�x@b@gpZhc�x�u�c�X@d5df¥�dRWHb@cwghY9iO �t
gh_�b@Z�kRc�Ymefy�k\iU� � } ��cwX@d
l9Y§k\Zp ��&gpe�dRW�c�dR��cMk\gpZh �`@Z�kRi$y�WHYmiKt�cwe�bKW�c�dR��x&u�c�XOdoxKkmW¢�� �W�XUk\ghiOdfef����g¬«/dje�dfi�caewdf`@ewdRt�dfi�c�k\cwghY9iUt�Y\[�cwX@d
cMkRghZp ¦`@Z�k\i�l9gps9d�e�g�t�d�c�Yã�&g¬«/dje�dfi�c�xKkmW¢�� ¡W�XKk\gpi@ghi@l5`@ewY�WHdR�&b@ewdRtH�
� X@d1dD��WHgpdfiKWHu�Y\[ v ewY@��ghl9uD�&dj`PdjiK�@t$Y9iJgpcMt0t�dRkReMWMX�t
`Kk9WHd^k\iK��Y9i�cwX@d1YmeM�&dfe0Y\[Udf¥&`Uk\iK�&gpi@l�i@Y@��dRt

Y\[�cwX@dãt�dRkReMW�X�t
`Kk9WHd§� � X@dat
dRk\e�W¢X t�`Uk9WHdag�t��&dfc�dje�_agpi@dR� x�u(c�XOd�xKkmW��& ¡WMXKk\gpi@ghi@l�`@ewY@W�dR�&b@ewd�bKt
dR�
x�u v ewY@��ghl9u§yß��XOghZhd�c�XOd�YmeM�&dfe"Y\[0df¥�`KkRiK�&ghiOlJi@YO�&dRt��&df`¤dfiK�@t�Ymi cwX@d�x@eMkRiKW¢XOghi@lÍ�&dRWHg�t�ghYmiKt�_�k9��d�ghi
xKkmW¢��c�e�k9W���ghi@l�`KY9gpi&c�tH� ��i�dRk9WMX�t�cwdf`$y&cwX@d�`@Z�kRi@i@dfe���dRWHg���dRt���X@g�W�X�x@eMkRiKW¢X�YR[�cwX@dDt�dRkReMW�X�t�`KkmWHdJcwY
df¥�`@ZhYme�d UKe�t�cj� � XOda�&d�WHg�t
ghY9iUt�_�k9��dJx�u v ewY��&ghlmu�ghi�dfsmdfe�u�xUk9W���c�eMkmW¢��ghiOla`/Ymghi�cDk\ewdat
b@_a_�kRe�g4%jdR�
ghiW��gpl9b@ewd & �
� X@d5`Kk\`¤dfe��&Y�dRt�i@YmcDk9�@�&ewdRt�t�c�X@d�dD��WHgpdfiKWHu�YR[�c�XOd v ewY@��ghl9u£t�uOt�cwdf_�� z [�Y9e�_rk\Z�kRiKk\Zpu@t
g�t�Y\[

k9��s�k\i�cMkRl9dRt�kRiK���&eMkR��xKk9WM�Ot�Y\[ v e�YO�&ghlmu�kmt�W�Y9_a`KkRe�dR��c�Y�Y9cwX@dfe�`OZ�k\iOi@dfeMt�g�t�t�cwghZhZOk\i5Y9`Kdfi5e�d�t�dRkReMW�X
`@ewY9x@Zpdf_��9A�YR�"dfs9dfejyP_Db@Zhcwgh`@Zpd�df¥&`Kdfewgh_adji\c�t�XKkfs9dÍ�&df_aYmiKt�cweMkRc�dR� v ewY@��ghl9uV*�t�k\xOghZhgpc�u�c�YadD��WHgpdfi9cwZhu
t�YmZhs�dãk ��g��&d�e�k\i@lmdaY\[ WHY9_ã`@Zhdf¥�`@e�Ymx@Zhdj_�t � t
dfd�y/[�Y9eDdf¥Ok\_a`@Zpd�y � ' dfZhY§t�YOy {����m}�� k\iK� �  gpZ�y {����9}8� �M�
Z1dfZpYf� �"d�Zhg�t
c�t�Ym_ad�k9��s9kRi@cMkRl9dRt1YR[ v e�YO�&ghlmu+*¾t1`@Z�kRi@i@gpi@l5k\Zpl9Y9ewghcwX@_��
� ��� � 	 ����� � � �¦�����
��� � �
�5v e�Y��&gpl9uV*�t�Z�k\i@lmbKk\lmd [�Yme�Y9`¤dfeMkRc�Y9e¨e�df`@ewdRt�dji�cMk\cwghYmiªgpiKWHZhbU�&dRt��&g�t
 

�



:
b@iKW�c�ghsmd�`@e�dRW�Y9iK�&gpc�gpY9iKt�y@b@i@ghsmdfeMtwk\Z0kRiK� df¥�g�t
c�dfi�cwg�kRZ ��bKk\i�c�g@U¤Wfk\cwghYmioY\[�smk\ewg�k\xOZhdRt�yKk\iK��WHY9iK��ghc�gpY9iKkRZ
k\iU� [�b@iUWHc�gpY9iKkRZ�dH«¤dRWHc�tH� � X@d�dj¥&dRW�b@c�gpY9i@ ¡t�gp_*bOZ�k\cwY9ejy���X@g�W�X�_�kRghi�c�k\ghiUt�c�X@d �&dRtwWHe�gp`@c�gpY9i Y\[�cwX@d
WHb@ewe�dfi�c�t
cMkRc�d�yKkRZhZhYR��t�bKt1c�Y5bKt
d*cwX@g�t1`¤YR�1dfe
[�b@Z/Ym`/dfe�k\c�Yme�ewdf`@ewdRt�dfi�c�k\cwghY9i �

� ���@����� �����
� � �K�f����������� �&� �"v e�Y��&gpl9u5bKt�d�t1t�djs9dfe�k\Z/ZpdRk\ewi@ghiOl*`Oe�YOWHdR�&b@ewdRtHy���X@g�W�Xagh_ã`@e�Y�s�d�cwX@d
d��rWHghdjiKWHu�YR[$c�XOd�`@Z�kRi@i@dfej� � X@d�gpi&[�Y9ew_�k\cwghY9i5kRxKY9b@c�c�XOd�WHb@e�ewdfi�c"t�c�k\c�d�g�t�bKt
dR��kRc"k�ZhdRkRe�i@gpi@l�`@XUk9t�d
c�Y¨g��&dfi�cwg [�u�c�XOd�e�dRkmt�Y9iUt [�Y9e�ZpY@Wjk\ZOk\iK�JlmZhY9xUk\Z@`@Z�k\i@iOghi@l�t
bKWfWHd�t�t�d�t�k\iK�*[¡kRghZpb@e�dRt�� v kRe�cwg�k\Zp ¦YmeM�&dje�WHYmi@ 
t�cweMkRghi�cMt1Y\[�c�XOd*c�k\gpZh �`@Z�kRiadfiKkRx@Zhd�Zhd�k\e�iOdfeMt�c�Y5�&dfcwdfe�_ãghi@d���X@g�W¢X�kmt�`/d�WHcMt�Y\[�c�X@d�Y9`¤dfeMkRc�Yme�Y9eM��dfe�gpi@l
ghi�cwX@d�X@dRk9�� ¦`@Z�k\i£k\e�d�ewdfZhdfs�k\i�c�c�Y5c�X@dDt�YmZhb@cwghYmi$�
� ��� �"���  ���������� �������
v e�YO�&ghlmu } ���J�^k9t��&dRt�gpl9i@d�� kRiK�agh_a`OZhdf_5dfiRc�dR�ax�uoV§c�dfsmdfi�noghi�c�Ymi$y���k\gp_adJ]"kRe�x/Ymi@dfZpZ�yP]�e�k\gpl " iOY9 
x@ZpY�W¢�¤y0k\iK� �¨k\i " b@Ym�&�mk&� � XOdai@df¥�c�s9dfe�t�ghYmi$y�5�Y87/gh_ãghcfy¤�1kmt�WHe�d�k\c�d��ox&u(n�kRi&b@djZ�k ' dfZhY§t�Y�k\iK�
��kRi@ghdfZ�Z1Y9eweMk$:
YO��Z�k9t�d�� Y9i�c�X@d�t�dJc¡�1Y�kRZhl9Yme�gpc�X@_�t�y��9gh_ Z1Zpu&cwX@d�y���bOdf_adfg � k\i@l�kRiK� ��kRi " k\X@i
�&dfsmdfZhYm`KdR�ac�X@d v ewY@�&gpl9u��@�¾��t�uOt�c�dj_�� � �9gh_ Z1Zhu�c�XOd�ZhdR�5c�X@g�t1�&dfsmdfZhYm`@_adfimc�c�dRkR_���� v e�YO�&ghlmu&�O���*�^k9t
c�XOd�e�dRt
b@Zhc�Y\[ _�k\imu5�&dRt
ghl9iã�&g�t�WHbKtwt�gpY9iKt���ghcwX�c�X@d�Y9cwX@dfe�_adf_¨x/dfe�t�Y\[ c�X@d v e�YO�&ghlmuJe�d�t�dRkReMWMX�l9e�Ymb@`$y
ghiUWHZhbK��ghi@l z Zhg�WHg�k v	�dje�d�%�y
��e�dfi #�c %fgpY9i@g¡y@kRiK� cwX@dDk\b@cwX@Y9e�t YR[�c�X@d�dRkRe�Zpghdfe"s9dfe�t�ghYmiKt�Y\[ v ewY@��ghl9u§�


 G��8G �	G ����G K

� ]"kRe�x¤Y9i@dfZpZ	,/.10�243¬y {����9}i� ��k\gh_ãdo]"k\ewx/Y9iOdfZhZ¡y
�9gh_ Z1Zpu&cwX@d�y ��e�dfi #âc %fghYmi@g�y���Y9Z�k\iK�@k  gpZ�y � Y9xKdfewc
�9Y�t�dj`@X$y ��k\i " kRX@i$y�]�e�k\ghl " i@Ymx@ZhY�WM�/y$V�cwdfs9dfi(nogpi�c�Ymi$y z Zpg�WHg�k v	�dje�d�%�y$V�WHYmc�c � dfgpZhZhuRy¤n�k\i�b@dfZ�k
' djZhY�t
Y@y$kRiK����b@dj_adfg � kRi@l@��� ] TiR8=!Q8?��+3�� 
I.-) ,><>08N � 0�2�08NOR . �).aT ] =P0�2���]"k\ewi@dflmghd�nodjZhZhYmi$y/]�Y9_ã 
`@b@c�dje*V�W�g��hy {����9} � � dRW�X$� � df`$�P]"n�q� �]�V�  �9}   {j| ���

� ]�XUk\`@_�kRi$y {����8X�� ��kfs�g�� ]�XUk\`@_�kRi$� v Z�kRi@i@ghiOl�[�Y9e�WHY9i�:
b@iKWHcwghs9d�lmY�k\Z�tH� � ] .a= . ��=P0�2 � N . ,/2 2@=!Q ,DN �i,My ~9} y
`Kk\lmdRt ~9~m~   ~)X�X y {����)X �

� �0gh�RdRt�k\iU��5�gpZ�t�t
Y9i$y {��)X§{�� � g�W�XUk\eM�4#�� ��gh�mdRt1kRiK��5�ghZ�t��@� 5�ghZ�twt�Ymi$�PV � � % v V C�kJi@df� k\`O`@e�Y§k9WMX cwY
c�X@d^k\`@`@Zpg�WfkRc�gpY9iJYR[Kc�XOdfY9ewdf_ `@ewY\s�ghiOl�c�Y�`@ewY9x@Zpdf_�t
Y9Zhs�ghiOl@� � ] . = . ��=P0�2 � N .d, 2 2@=!Q ,DN ��,My } ym`Kk\lmdRt {������
} � � y {��)X§{ �

�  gpZ�y {����m}$� ��YmZ�k\iU�@k  gpZ�� � �(, � = ] =PN�Q��fT8<>08=PN��fNOT��	24, R�Q , ;�T ] �B2@08NONO=PN�Q ^�?��!� L , ] =P< ,DN .a0�. =PT8N 3
v X � c�XOdRt�g�tHy/]"k\ewi@dflmghdDnodfZhZpY9i$yK]�Y9_a`Ob@c�dfe�V�WHg¡�hy {����m} � � dRW�X � � df` �/]"n�q� �]�V§  �m}   {$XR| �

� " i@Ymx@ZhY�WM�¤y {����9~i� ]�eMk\gpl " i@Y9xOZhYOW��/� z b@cwY9_�kRc�g�Wjk\ZhZpu  dfiOdfeMkRc�ghiOl z xKt
c�eMkmWHc�gpY9iKt$[�Y9e v Z�kRi@i@gpi@l@� � ] �
. = . ��=P0�2 � N .d, 2 2@=!Q ,DN ��,My {����m~ yKghi�`@e�d�t�tH�

� n�W z ZhZpdRt�cwdfe�k\iU� � Y�t�dji&x@Zpghcwcfy {�����{�� ��kfs�g���n�W z ZpZhdRt
c�dfe�k\iU� ��kfs&g�� � Y�t
dfi�x@Zhgpc�cf��V�u@t
c�df_rk\c�g�W�i@Ymi@ 
ZhghiOdRk\e�`@Z�k\i@iOghi@lO�
%7i � ] T
�_,/, R8=PN�Q$b Td; � ��� � y@`KkRl9dRt & ~ �9  & ~�� y {����&{ �

� nogpi�c�Ymi , .90�243¬y {������i� V�c�djs9dfi noghi�c�Ymi$y�]�e�k\ghl " iOY9x@ZpY@W��¤y ��kRi " bOY9���9k�y
��Y9Z�k\iK�@k  gpZ�y � Y9xKdfewc
�9Y�t�dj`@X$y�kRiK�	��k\gp_ad1]"k\ewx/Ymi@dfZhZ¡� � ] T�R8=!Q8?��O3�� 
 .-) ,9<>08N � 0�2\08NOR . �8. T ] =P0�2��9]"k\ewi@dflmghd�nodjZhZhYmi$y9]�Y9_ã 
`@b@c�dje*V�W�g�� � dRW�X$� � df`$�K]"n�q� 
]�V�  ���   { � & �

� nogpi�c�Ymi$y {������$� V�c�djs9dfi�nogpi�c�Ymi$� � , 0 ] NO=PN�Q ,"! ,	��.a= �$,Ibi, 0 ] � ) �/T8N . ] T�2 �$NOT�� 2&, R�Q , 
 08N ,�� L 2@08NO0�.a=PT8N �
^/0$bi, R 0 L8LV] T$0��()�� " Zpb��1dfe z Wfk9�&dj_ag�W v b@x@Zpg�t
X@dfeMt�y Z1Y�t
c�Y9i yKn z y {������ �

{ �



� � k\cwd�y {��8X�X���z bKt
c�gpi � k\cwd��  dfi@djeMk\cwghi@l�`@ewY8:
dRWHc�i@dfc��"Y9ew�@t�� %�i � ] T ��,/, R8=PN�QibfTd; ��� " � � ym`Kk\lmdRt �����  
���9~ y {��)X�X �

�(' dfZhY§t�Y@y {������$� n�k\i�bOdfZ�k ' djZhY�t
Y@��� T8N 2@=PN , 0 ] LV] T8^�24,D< b�T�2 ��=PN�Q ��b�=PN�Q =PN . ,/2 2@=!Q ,DN . �/0$b"� 0�2��
�/T8<><>=4. < ,DN .d3/]"kRe�i@djl9ghdDnodfZpZhYmi$yP]�Ym_a`@b@cwdfe�V�WHg¡�hy {������ � � dRW�X � � df` �P]"n�q� 
]�V�  ���   }&{ �&�

�(' dfZhY§t�Y@y {����m}$� n�k\i�bOdfZ�k ' djZhY�t
Y@���c, 0 ] NO=PN�Q�^�?>08NO0�2@T/Q8= �D0�2 ] , 0$b�T8NO=PN�Qg=PN Q ,DN , ] 0�2 LV] T8^�24,_< b�T�2 ��=PN�Q9�
v X � c�XOdRt�g�tHy/]"k\ewi@dflmghdDnodfZhZpY9i$yK]�Y9_a`Ob@c�dfe�V�WHg¡�hy {����m} � � dRW�X � � df` �/]"n�q� �]�V§  �m}   {$X �O�

� � k\iOl@y {����9}i� ��b@df_adjg � kRi@l@� " T8N)bD. ] 08=PN .�� ^/0$bi, R�,�� ��= ,DN .�<>0�. � )\=PN�Q�=PN � ] T�R8=!Q8?83P]"kRe�i@dflmghdÍnodfZh 
ZhY9i y/]�Y9_a`@bOc�dfe�V�W�g��hy {����9} � � dRW�X$� � df`$�P]"n�q� �]�V�  �9}   {j}�� �

{m{


