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jJn5gh`ba�gk{lgka´_�qJsVd´jljbd[|�jld!|<c�skc�i�e<c�aÎc�skc�{JqJe<gkjl`b| # +p��xbgki/qJsksk�r�pi�jlw×x�_be<c/d[g ��c�aÎe f�d[c�cej�a�ghw�c/`b|<gkjl`�qPsYw�jba�c�sy|
qrd[c¼`bjre-x�qrd[e!jJn5e fbc×gye}c/d<qJe<gk{rc(a�c�|}gy�b` x�d[jbi�c�|<| # 8De¬gy|¬c/qJ|<�Ge<j@_�`ba�c/d[|}e qr`baxhYf����
e^f�d[c�c(a�ghw�c/`b|<gkjl`�qJs
w�jba�c�skgæ`b�me<jbjrsk|#qrd�c�`bjre!x�d[c/x�qrd[c�ame<j¼e qr�Jc¬| x�c�i�g4�´i8qJa�{Jqr`�e qJ�rc!jJnpe^fbc�e[��xbgki/qJsºx�d�jlx�c/d[e}gyc�|-q�`ba@i�f�qrd9j
qJi�e<c/d�gy|}e<gki�|-jJnpe f�d�c�cej�a�gæwÍc/`b|<gkjl`�qJs->�_bgksya�gh`b�r|U�pqr`baGe fb_b|!e fbc(qrd[i�fbgye}c�i�e!gy|�d[c�v�_bgæd�c�aÑe<j%|<��`re^fbc�|<g ��c(e fbc
e f�d[c�cej�a�ghw�c/`b|}gyjb`�qJs-w�jba�c�s#w(q�`l_�qJsksk�r�6c�gke fbc/d(e^f�d[jl_b�lf a´d<q�h5gh`b� jld×e f�d[jb_b�lfÎqJ|<|<c/w?>bsk�ÖjPn >�_bgkska�gh`b�
i�jlw(x jl`bc/`�e<| �Nh6fbgyi�f'h�c/d[c�a´d<q�hY`Gw(qr`b_�qJsksk� � # ��jre fGqrx�x�d[jbqJiRfbc�|�qrd[c�e<jbj%e<c�a�gkjl_b|�q�`baÑc/d<d[jld j­x�d[jl`bc
nDjld5qrd[i�fbgke<c�i�e<|5e}j�c/w?>�d<qPi�c-d[jl_be<gh`bc�sk�@a´_�d[gh`b�¼e fbc!c/qrd[sk�@x�f�qJ|}c�|5jJn=e fbc!a�c�|<gk�l`@x�d�jli�c�|<| #

tb�b|<e<c/w�|=f�qU{rcp`bj�h > c�c/`-a�c�{�c�syjbx�c�a�e f�qJe
qPsyskj�hÖ_b|<c/d[|>e<j5{bgkc�h e^f�d[c�cpa�ghw�c/`b|<gkjl`�qPs´w�jla�c�sk|=jJn�>�_bgkska�gæ`b��|
�h�J�r�r� � gh`-q�|<ghw�_bshqJe}c�a3h5qJsh�re^f�d[jl_b�lf6c/`�{lghd[jb`�w�c/`reOhYfbc/d[c�e fbcp_b|<c/d�i/qr`!`�qU{lgk�lqPe<cpe f�d�jl_b�lf6e fbc^>�_bgkska�gh`b�
qr`ba¬jH>b|<c/d[{rc�qYd�c/qJ|<jl`�qo>bsk�!a�c�e qPgyskc�a(qr`ba�qJi�i/_�d<qJe<c�qrx�x�d[j�Abgæw×qJe<gkjl`!jPn�hYf�qJe
qr`0jli�i/_�x�q�`re>jJn´e fbc�qJi�e _�qJs
x�f��l|<gki/qJsE>�_bgksya�gh`b��h�jl_bska�|<c�c # +�fbc�qPa�{ qr`�e qJ�rc�jJn�e fbc5e f�d�c�cej�a�gæwÍc/`b|<gkjl`�qJs´{bgkc�h5gh`b��i/qrx�qo>bgkskgye[�(gk|�i�syc/q�d	�
_b|<c/d[|¬i/qr`mjH>b|<c/d[{�c(e fbc�>�_bgksya�gh`b�Gn�d[jlw e^fbc(jli�i/_�x�q�`re�
 |-x�c/d[| x c�i�e<gk{rc¼syjb`b� >�c^nDjld[c×�ld[jl_�`baGgk|b>�d[jb�Jc/`��
qr`ba%hYfbgkskc�e fbc/d[c!gk|6|<e<gksksºq�i�f�qr`bi�c!e<j¼w(qr�Jc!| _�>b|}e qr`�e<ghqJs�iRf�qr`b��c�|YqJeYd[c/qP|<jl`�qo>bskc!i�jr|<e}| #

z!c�| xbgke<c¬gye}|#_b|<c^n�_bsh`bc�|<|/�	w�j�|<eYqrd[i�fbgke<c�i�e<|!f�qU{rc-`bjre6gæ`�e<c��ld}qJe<c�a%e fbc�_b|<c-jJn=gh`re}c/d<qJi�e<gk{rc2h�qPsæ��e f�d[jb_b�lfb|
gh`re}j-e fbc5gke<c/d}qJe<gk{rcr�JnDjld<w×qJe<gk{rc�|<e qJ��c�|=jJn¸e fbc/>�_bgyska�gh`b�(a�c�|<gk�l`¼x�d[jbi�c�|<| # 8De�gk|�shqo> jld[gkjl_b|�qr`ba(a�g � i/_bske5e<j
|<��`re^fbc�|<g ��cYq6e<jlx jrskjr�rgki/qJsksk��i�jbd<d[c�i�e=e f�d[c�cej�a�ghw�c/`b|}gyjb`�qJs¸w�jba�c�s�jJn	q)>�_bgyska�gh`b�?h5gke f�e fbc5fbc�shx�jJn�e<jba´q/��
 |
o<&6z2e<jlj�sy| # +�fbc�a´q�_�`re<gh`b�¬e qJ| �6jJn�i�jl`b|<e d}_bi�e<gh`b�-q6e f�d[c�cej�a�ghw�c/`b|<gkjl`�qJs�>�_bgkska�gh`b�8w�jba�c�s´d[c�vW_bghd[c�|�e f�qJe
qJsks�n�qJi�c�e<|�jJnFh5qJsksk|/�ra�jbjld[|U�oh5gh`ba�j�h5|/��qr`ba¼gh`re<c/d�gyjbdpj�> 	­c�i�e}|^>�c!a´d<q�hY`�i�jbd<d[c�i�e<sk��gh`¼e f�d[c�cej�a�ghw�c/`b|<gkjl`�qJs
| x�qJi�c�jl`¬q5eyh�j�j�a�ghw�c/`b|<gkjl`�qPsl|<i/d�c�c/`��Je­��xbgki/qJsksk�bh�gye^f�q�eyh�j�j�a�ghw�c/`b|<gkjl`�qJs�x�jrgh`�e<gh`b�-a�c�{bgki�c # &Ysk|<j³�J|<gh`bi�c
e f�d[c�cej�a�ghw�c/`b|}gyjb`�qJs<h�qPsæ��e f�d[jb_b�lfmc/`r{bghd[jl`�w�c/`�e<|�w×q/�mgh`bi�jld<x�jbd<qJe<c8d}qJa�gkjr|<gke[�oj >�qJ|}c�aÑgksysh_�w�gh`�qJe}gyjb`Ìjld
_b|<c�|<jlx�fbgk|<e}gyi/qPe<c�aÑ{bgy|}g >bgkskghe[�Ñi�jlw×x�_be qJe<gkjl`b|!e<j%w�gh`bghw�g ��c*d�c/`ba�c/d[gh`b�@e<ghw�c8q�`baNgh`bi/d[c/qP|<c�n�d<qrw�c�d<qJe<cr�
gke5gk|Yghw(x jld[e q�`re5e^f�qJe�e fbc-e f�d�c�cej�a�gæwÍc/`b|<gkjl`�qJs=w�jla�c�sO>�c!n�d[c�c¬jJn
gh`bi�jl`b|<gk|<e<c/`bi�gkc�|¬| _biRfmqJ|Y`bjl`�j­xbshqr`�q�d��
jJ{rc/d[shqrx�xbgh`b�´�bgh`re}c/d[|<c�i�e<gh`b�´�bghw(x�d[jlx c/d[sk�8jbd[gkc/`re<c�a	�bjld�`bjl`�j�i�skjr|<c�a@x jrsk�l�rjb`b| # @=gæ`�qPsysk�r��qUnDe<c/d=q3>�_bgkska�gh`b�
w�jba�c�s�gy|�a�c�{rc�skjlx�c�a	�³| _�>b|<c�v�_bc/`re�i�f�qr`b�rc�|YqPe�q¬i�jl`bi�c/xbe _�qJs�skc�{rc�s
q�d[cYc�A�x�c/`b|}gy{�c���nDjld=c�A�qrw(xbskcr��g n=e fbc
gh`re}c/d[gkjld-fbc�gk�lf�e�jJn�e fbc�h�qPsysk|¬jl`Ñq%��gy{�c/`gd´jljbd!gk|�w�jba�g4�´c�a	�=c�{rc/d[�'h5qJskspx�j�sy�b�rjl` w�_b|}eb>�c¼d[c�a´d<q�hY`
gh`Ìjld[a�c/d¬e<jGd[ced´c�i�e�e fbc8i�f�qr`b�rcr��qr`ba e^fbc8i�jbjld[a�gh`�qJe<c�|�jJn6e fbc8i�c�gkskgh`b� x jrsk�l��jl`b|8w�_b|<eb> c@qJa 	<_b|<e<c�a
qJ|)h�c�sks # o�jl`b|}e d<_bi�e<gkjl`mjJn5e fbc(x�j�sy��fbc�a´d<qJs�w�jba�c�spjJn5tbjla´qg,YqJskspqJe-��c/d<�Pc�syc�� c/`ba�c�a _�xGi�jl`b| _�wÍgæ`b�
qo> jl_be-eyh�j*x c/d[|<jl`�j���c/qrd[|-jPn�c�
	jld�e # o�skc/qrd[sk�r�>e fbc8qrwÍjl_�`re!jPn�fb_�w(qr` d[c�|<jl_�d[i�c�|�d[c�v�_bgæd�c�a e<j%a�c�|}gy�b`
i�jl`b|<gk|<e}c/`re�e f�d[c�cej�a�ghw�c/`b|<gkjl`�qJs	w�jba�c�sk|5w�_b|}e^>�c!d[c�a´_bi�c�a�>��-jbd[a�c/d[|pjPnÏw(qJ�b`bgye^_ba�c�> c^nÉjld�cY_b|<c5jJn	| _bi�f
w�jba�c�sk|[h5gksksB>�c�i�jlw�c�qr`¼gh`re}c��ld<qJs	x�qrd[e�jJn;q�d[iRfbgke<c�i�e^_�d<qJs�a�c�|<gk�l` #

+5fbc/d[c(qrd�c-jre fbc/d�ghw(x�jbd[e qr`�e#_b|}c�|6nÉjld6qÍnÔqJ|}e#��j�z >�_bgksya�gh`b�Ñw�jba�c�s
��c/`bc/d<qJe<jld���e fbc(d[c�| _bske<gh`b�@w�jba�c�sy|
i/qr` >�c%_b|<c�a nÉjld0|<ghw�_bsæqPe<gkjl`b|�| _biRfÌqJ|¬c/`bc/d[�r�r�>skgy�bfre<gh`b�´��qJi�jl_b|<e<gki�|/��qr`ba'�¸d[c # $åfbc/` iRf�q�`b�rc�|-e<jGq
w�jba�c�s	qrd[c!d[c�vW_bghd[c�amgh`%d[c�| x�jb`b|<c!e<j�e fbc!_�`b| qJe<gk|[n�qJi�e<jld��(jl_be<i�jlwÍcYjJn=qr`8q�`�qJsk�l|<gk|6jld�|<ghw�_bsæqPe<gkjl`���gke�gy|
qJa�{Jqr`re^qJ�rc�jl_b|�e f�qJe�e fbc-w�jba�c�s	i/qr`%>�c-d�c��rc/`bc/d<qJe<c�a%v�_bgkiR��sk�NqUnDe<c/d�|<ghw(xbskc-eyh�j�a�ghw�c/`b|<gkjl`�qJs>iRf�q�`b�rc�|
e<j!e fbc5d´jljld=xbshqr` �É| ���rjbd=e fbc5qJa 	<_b|<e w�c/`�e=jJn	�rskjH>�qJs´x�q�d<qrw�c�e<c/d�|=| _biRf×qJ|=i�c�gksygh`b�8fbc�gk�lf�e # $ cYf�qU{rc5qJsk|<j
nDjl_�`ba%e f�qJe5qr_be<jbw(qJe<gki6�rc/`bc/d<qJe<gkjl`¼jPnºe fbc!w�jba�c�s
w�c�| fbc�|6`bgyi�c�sk�gh5gke f%qJa´qrxbe<gh`b�(e^fbc3>�_bgyska�gh`b�@w�jba�c�s
e<jG`bc�h {bgy|^_�qJskg �/qPe<gkjl`Î|<�b|<e<c/wÍ|��>|<gh`bi�c*d[jbjlw >�jl_�`ba´qrd�gyc�|¼qr`ba x�jbd[e qJsk|(qrd[c8�b`bj�hY`Gc�A�xbskgyi�gke<sk�ÖqJe¬e fbc
e<ghw�c�jJn´c�Abe d<_b|<gkjl`���e fbgk|=gh`�nÉjld}w(qJe<gkjl`¬i/qr`?>�c5x�_be=a�ghd[c�i�e<sk��gh`re}j-q�nÉjld}w(qJe	| _bgke q�>bsyc�e<jYe^fbc�{bgk| _�qJskg �/qJe<gkjl`
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|<�b|<e<c/w%��c�skghw�gh`�qJe<gh`b�Ñe^fbcÍ`bc�c�a nÉjld!q¼e^f�d[c�cej�a�ghw�c/`b|<gkjl`�qJs�{bgy|}g >bgkskgke[� x�d[c/x�d�jli�c�|<|}gæ`b�m|<�b|<e<c/w e<j%skjbi/qJe<c
| x�qJi�c�|6qr`baNx jld[e qJsk|Yfbc/_�d�gy|}e<gki/qJsksy� #

8�`¼e^fbgy|6d[c�|<c/qrd[i�fmh�c#q�d[cYgh`�e<c/d[c�|<e}c�a%gæ`g>�d[gka��rgh`b�8e^fbcY�lq�x%>�c�eyh�c�c/`(eyh�j(qr`ba%e f�d[c�c6a�ghw�c/`b|<gkjl`b|6gæ`Ùe fbc
>�_bgkska�gæ`b� j­w�jla�c�s��rc/`bc/d<qJe<gkjl`Gx�d[jbi�c�|<| # t�x c�i�g4�´i/qJsksy�r��jl_�d6�rjbqJsFh5qJ|6e<j%a�c�{rc�skjlx q¼|<�l|}e<c/w e f�qJe)h�jl_bska
qJi�i�jlw×xbsygk| fße fbc¼nDjrskskj�h5gh`b� �G�rgk{rc/`Îc�Abgk|<e<gh`b� d´jljld×xbsæq�`b|8gh`ß|<jlw�c%i�jbw(x�_be<c/d9j�a´d<q�hY` nDjld<w �Å| _bi�fÎqJ|
&!_be<jlo<&6z����´qr_be}jlw(qJe<gki/qJsksk�%i�jl`b|<e^d<_bi�eYe^fbc�i�jbd<d[c�| x jl`ba�gh`b�%e f�d[c�cej�a�ghw�c/`b|<gkjl`�qJspx jrsk�Wfbc�a´d}qJspw�jba�c�s
jJn
e fbcVd´jljbd��lqr`ba¼qJ|<|<c/w?>bskc#q0i�jl`b|<gk|<e<c/`�e5w�jba�c�s´jJn	e fbc6c/`re}gæd�c�>�_bgkska�gh`b�8e f�qPepgk|�qrx�x�d�jlx�d[ghqJe<c�nÉjbd={bgyc�h�gæ`b�
h5gke fÙe fbc-��c/d<�Jc�skc��%$'&�(�*)+V,[. � |<�b|<e<c/w # tbc�{rc/d}qJs	a�gk|<e<gh`bi�e6i�jlw(x�jb`bc/`re<|6i�jlw(x�d�gy|}c!e fbc-|<j�sæ_be}gyjb`%e<j
e fbgk|(x�d[jH>bskc/w �(qÙi�jl`r{�c/d[|<gkjl`Ge<jbjrs�e f�qJe!i�jl`�{rc/d[e<| d´jljbd-xbshqr`b|�a´d<q�hY`Ggh` &!_be<jlo<&6z9gæ`�e<jÑq%|^_bgye^qo>bskc
nDjld<w(qJe�nDjld=jl_�d=x�_�d}x�jr|<c�|U�WqVd´jbjld�xbsæq�`(i�jld}d[c�i�e<gkjl`�|<�b|<e<c/w�e^f�qJeO��Alc�|�e<jlx jrskjr�rgki/qJs´c/d}d[jld[|/�rq�d´jljbd=xbsæq�`
qr`�qJsk� ��c/d�e f�qJe�a�c�e<c/d<w�gh`bc�|�e fbc6|<c/w(qr`�e<gki-w�c/qr`bgh`b��jJn
e^fbcY�rc�jbw�c�e d[��jl`�e^fbc-d´jbjld�xbshqr`��´qr`×c�Ale^d<_b|<gkjl`
|<�b|<e<c/w�e f�qPepqr_be<jlw(qPe<gki/qJsksy��i�jl`b|}e d<_bi�e<|=e fbc�e f�d�c�cej�a�gæwÍc/`b|<gkjl`�qJs	d[c/x�d[c�|<c/`�e qJe}gyjb`�jJn¸e^fbc^d´jbjldB>�qJ|}c�a(jl`
e fbcVd´jljbd�xbshqr`%q�`ba8|<jbw�cYa�c^n�qr_bskeYx�qrd}qrw�c�e<c/d[|U�lq-��j�z'|<e^qJghd[i/qJ|<c6�rc/`bc/d<qJe}gyjb`(e<jbjrsD��qr`ba%q-i�jbw(x�jr|}gye}gyjb`
|<�b|<e<c/w e f�qJe-i�jbwb>bgh`bc�|(|}c/x�qrd<qJe<c d´jljld�|Íq�`baÑ|<e qJghd[i/qP|<c�|�jJn5e fbc�>�_bgkska�gh`b� gh`�e<jÑqm|<gh`b�rskcr�=i�jld<d[c�i�e(�Jz
w�jba�c�s #
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+5fbc � $ qPsæ��e f�d<_ � �ld[jb_�x�qJe � o ��c/d<�Pc�syc��,a�c�{rc�skjlx�c�a e fbc9�pc/d}�Jc�skc�� ��_bgkska�gh`b� $ÌqJsh�re f�d�jl_b�lf
�N$'&)(�*)+-,/. � �¼|<�b|<e<c/w nÉjbd�gh`re<c/d}qJi�e<gk{rcG{lgk| _�qPsyg �/qJe}gyjb`åjJn-a�c/`b|}c�sy�2jbi�i�sh_ba�c�a'x�jrsk��fbc�a´d<qJs!c/`�{lghd[jb`�j
w�c/`�e<| # 8�`�e<c/d<qJi�e<gk{rcÍnÔd<q�w�c(d<qJe<c�|-qrd�c8qJi�fbgyc�{�c�a e f�d�jl_b�lfm{lgk|<gt>bgkskgke­�Öx�d�c�i�jlw(x�_be qJe}gyjb` �h�/� � qr`baÑskc�{rc�s4j
jJnNj�a�c�e qJgks�w×qr`�qJ�rc/w�c/`�e �h��c � # +�fbcW>�_bgksya�gh`b� wÍjla�c�s�_b|<c�aÑe<j%a�c�{rc�skjlxÌqr`baÑa�c/wÍjl`b|<e d<qPe<c�e fbc�|<�l|}e<c/w
h5qJ|!x�d[jla´_bi�c�a >r�mgye}c/d<qJe<gk{rc�sk�Ñqrx�xbsk�lgh`b� �<i�skc/qr`�j­_�x �NqJsk�rjbd[gke f�w�|-qr`baÑ_b|<c/d6gh`�e<c/d<qJi�e<gkjl`me<j¼i�jl`�{rc/d[e!q
�ld[j�|<|<sk�Ñgh`�qJa�c�v�_�qJe<c@�Jz1&#_be}jlo<&6z h5ghd[cejDn�d<qrw�c@w�jba�c�s�jJn#tbjba´q',YqJsks��Åe fbc/`Ìgh`Ìe fbc¼a�c�|<gk�l`Ì|<e^qJ�rc�| �
gh`re}j qmi�jlw(xbskc�e<cNx jrsk�Wfbc�a´d}qJsYw�jba�c�s-h5gke fÌi�jld}d[c�i�e¬nÔqJi�c%gh`�e<c/d[|<c�i�e}gyjb`b|*qr`baÎjbd[gkc/`re qPe<gkjl`b| �h� "�� # +5fbc
��c/d<�Jc�skc�� � `bgt;-d}q���A � i�� nÉjbd<w(qJeBh5qJ|�_b|<c�a8e}j�a�c�|}i/d[gt>�c!e fbc6�rc�jlw�c�e^d[��jJn	e fbc�>�_bgkska�gh`b�´��>�c�i/q�_b|<cYjPn
gke<|
i�jlw(x�qPe<gt>bgyskgke[�Wh�gye^f�e fbc!w�jla�c�skgh`b�(qr`ba%d[c/`ba�c/d[gh`b��e<jlj�sy|�qU{ qJgkshqo>bskc)h5gke fbgh`(e^fbc5�ld[jl_�x # +5fbc6gh`re}c/d[gkjld=jJn
e fbc�>�_bgkska�gæ`b�³�
gh`bi�sh_ba�gh`b�mnÔ_�d<`bgke _�d�c8qr`baGskgy�bfre/��Abe _�d[c�|/�Eh5qJ|!w�jba�c�skc�a�>r�@f�q�`ba	��e f�d[jl_b�lfmgh`b|<e q�`bi�gæ`b�
jJn
�Jz'wÍjla�c�sk|�jJn	e fbjr|<c6jH> 	[c�i�e<| # 8�`%qJsksD�be fbc6i/d[c/qJe<gkjl`�jPnÏe^fbcYa�c�e qPgyskc�a@tbjba´q?,YqJsks�w�jla�c�s	d[c�v�_bghd[c�a¼e h�j
x�c/d�|<jl`�j��rc/qrd�|5jJn=c�
Ïjbd[e # 8De[> c�i/qrw�c¬i�syc/q�d�e f�qJe[> c�e<e<c/d5wÍjla�c�skgh`b�%|<�b|<e<c/w�|-h�c/d[c-`bc�c�a�c�a #

�	�&� ����'�(*),+�
�'-+�.*��/0��12��3 45/0'��0/�6	
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� {rc/d�e fbc!x�qJ|<e�nDc�hÖ�rc/qrd�|/�b|<c�{rc/d<qJsE>�_bgksya�gh`b�¼a�c�|<gk�l`%x�d[jr�bd<qrw�|�f�q/{�c[>�c�i�jlwÍc-q/{JqJgkshqo>bskc-i�jlw(wÍc/d[i�ghqJsksy� #
+5fbc�|<c(x�qJi��/qP�rc�|Y��c/`bc/d<qJsksk�%n�qJsks
gh`�e<j8eyh�jW>�d[jbqJa@i/qJe}c��rjld[gkc�|���|<ghw(xbskc(c�Abe d<_b|<gkjl`�j >�qJ|}c�a x�qPiR�UqJ�rc�|/��qr`ba

�



x�qJi��/qJ��c�|5e f�qJeYx�d�j {bgka�c�x�d[cej­wÍjla�c�skc�ax>�_bgksya�gh`b�mi�jlw(x�jb`bc/`re<|6e f�qJe�e fbc-_b|<c/d6qJ|<|<c/w?>bskc�|Ye}j�nÉjbd<w9q8�Jz
>�_bgkska�gæ`b�Gw�jba�c�s # ��jre^f%i�shqJ|<|<c�|!f�qU{rc!a�ce�´i�gkc/`bi�gkc�|�e^f�qJe5i/d[c/qJe}c�a@e fbc-`bc�c�amnDjld�e fbc2h�jbd<�(a�c�|}i/d[gt>�c�aGgh`
e fbgk|!x�qrx�c/d #

+5fbcmi�jlw(w�c/d[i�ghqJsksk�åqU{ qJgkshqo>bskcÑc�Abe d<_b|<gkjl`�j >�qJ|}c�a x�qPiR�UqJ�rc�|/��| _bi�fÖqP|�� Z���S��!S�O���� �	� � � ` � qr`ba
� �
���¤T^QP�lM ��
�S^M����¤Q���
�Z/Z�� X �kM � � S/T ��� � ��d[c�v�_bgæd�c�e^fbc�_b|<c/d6e<j¼a´d<q�hØq(|<ghw(xbskgk|<e<gki�d´jljbd5shqU�rjl_be6|<i�fbc/w(qJe<gki
h5gke fbgh`Ìq@x�d[jlx�d�gyc�e^qrd[�@c�a�gke<gh`b�Ñc/`�{bgæd�jl`�w�c/`�e/��hYfbgki�fÑgk|¬e fbc/`Gc�Abe d<_ba�c�aÌgæ`�e<jGq%�Jz w�jba�c�s # +5fbc/d[c×gy|
`bj-i/q�x�qo>bgksygke[�¼e<j-c�Abe d<_ba�c6a�ghd[c�i�e<sk�(n�d[jlwØq�x�d[cej�a´d}q�h6`��ra�c�e qJgkskc�a	�´x jr|<|<gt>bsk�8gh`bi�jl`b|}gy|}e<c/`re5qrd�iRfbgke<c�i�e _�d}qJs
xbshqr` # o5qrx�qJi�gke[�Ìgy|%|^w(qJsks �Ée<c/`b|8jPn�d[jljbw�| �?hYfbc/`ßd[c/qJ|<jb`�qo>bskc x c/d�nDjld<w(qr`bi�cmgk|@d[c�vW_bghd[c�a	��|<jÌsæq�d[�rc
>�_bgkska�gæ`b��|�qrd[c6jl_be5jPnºe fbc!v�_bc�|<e<gkjl` # $ qJsksk|#w(qU�W> c-gh`��¸`bgke<c�sk�Ge fbgh` �Dd[c/x�d�c�|<c/`re}c�af>r�¼eyh�j�jlx�x jr|<gke<c�sk��j
jld[gkc/`�e<c�a	�	i�j�gæ`bi�gka�c/`�e8x�j�sy�b�rjl`b| � # 8�`G��c/`bc/d<qJsD�	e fbgk|¬e­��x�c×jJn�|<�b|<e<c/w gk|�e qrd��rc�e<c�aNqPe-fbjlw�c(i�jlw×x�_be<c/d
_b|<c/d[|2hYfbjfh�gy|^fÑe<j%c�A�x�c/d�gæwÍc/`re?h5gke f gh`re<c/d�gyjbd!a�c�|<gk�l` # tbgh`bi�c%e fbc×|<�Ww?> jrskgyi�d´jbjld-xbshqr` c�a�gke<jld[|�qrd[c
skghw�gke<c�a8gh` d´c�Algt>bgkskgke­�r�³d<qrd[c�sk��a�jlc�|�e fbc5|<��w?>�jrskgkiYxbshqr`×i�jld<d[c�|^x�jl`ba8x�d�c�i�gy|}c�sy�×e<j!e fbcYd[c/qPsWqrd�iRfbgke<c�i�e _�d}qJs
d´jbjld5xbshqr`b|�nÉjld�e fbc?>�_bgksya�gh`b� #

� jld[cm|<jlx�fbgk|<e<gki/qJe<c�aåqrd�iRfbgke<c�i�e _�d}qJsYa�c�|}gy�b`2e<jbjrsk|/��| _bi�f qP|W&!d[i�fbgæo5&Yz(��x�d[jJ{lgka�cGa�c�e qJgkskc�a >�_bgkska�gh`b�
i�jlw(x jl`bc/`�e<|�e f�qJe-e^fbc*_b|<c/d�xbgkc�i�c�|(e<j��rc�e fbc/d!gh`Î�Jz�| x�qJi�c¼e<j%nDjld<w,q >�_bgkska�gh`b� wÍjla�c�s # $åfbgksyc%skc�|<|
shqo>�jbd[gkjl_b|pe f�q�`�a´d<q�h5gh`b�!e fbc5c/`�e<ghd[cY�Jzåw�jba�c�s�gh`(q!a´d}qUnÉe}gæ`b�!e}jljrsD��e fbc5x�d[jH>bskc/w�|pe^f�qJepqrd[gk|<c-h6fbc/`�e fbc
_b|<c/d�gk|Yd�c�vW_bghd[c�ame<j(x�jr|<gke<gkjl`ÙjH> 	[c�i�e<|�gh`@�Jz�|<e<gksks
qrx�xbsk� # tbgæ`bi�c¬e fbc-_b|<c/d5w×qr`bghx�_bsæqPe<c�|#q " zãx jrgh`re}gæ`b�
a�c�{bgyi�c �Åg # c # q¼w�jl_b|<c��5q�`baNd[c�i�c�gk{rc�|6{lgk| _�qPs	nDc�c�a�>�qJi��×nÔd[jbw3q " zØi�jlw×x�_be<c/d5|}i/d[c�c/`��´gke5gk|!a�g � i/_bske!e<j
x�d[jlx c/d[sk�@x�jr|}gye}gyjb`%c/`�e<gke<gkc�|Ygh`@�PzØ| x�qJi�c-qr`bamc/`baN_�xmh5gke fmq�i�jl`b|<gk|<e<c/`�e/��|}jrskgya'>�_bgksya�gh`b�Gw�jla�c�s #

��jre f2i�shqJ|}|<c�|@jJn�|<�b|<e<c/w�|%a�c�|<i/d�g > c�a qo>�jJ{rc nÔqJgks!e<jÖwÍc�c�e@jl_�d%`bc�c�a�|Ggh`åeyh�jÎw(q 	[jld¼qrd[c/qJ|�� �¸d[|<e/�
|<gk�l`bg4�´i/qr`�e(fl_�w(q�`Ñc�
	jld[e!gk|(d[c�v�_bghd[c�a # tbc�i�jl`ba	�>e fbc/d[c¼gk|�`bjG�l_�qrd}qr`re}c�c�e^f�qJe�d[c�|^_bsye}gæ`b�Ñw�jba�c�sk|(qrd[c
i�jl`b|<gk|<e}c/`re8q�`baÖc/d<d[jbd9jDnÔd�c�cr�pqJ|8d[c�v�_bghd[c�a >��Ìe fbc%|<jlx�fbgk|<e<gki/qJe}c�a qrx�xbskgki/qJe<gkjl`b|%h�c@qrd[c%gh`�e<c/d[c�|<e}c�aÎgæ`��
| _bi�f%qJ|5gh`�e<c/d<qJi�e<gk{rc)h5qJsh��e f�d[jl_b�bf8qr`bam�¸d�c!|<ghw�_bshqJe}gyjb` # tbjlwÍc-qrx�xbskgyi/qPe<gkjl`b|#w×q/�¼qJsk|<j8d[c�v�_bghd[c-d[gkiRfbc/d
|<c/w(q�`re<gki�|��É| _biRfmqJ|5d[jbjlw3qJa 	<qJi�c/`bi��¼gæ`�nDjld<w×qJe<gkjl`���e f�qPe5e fbc�|<c!|<�b|<e<c/wÍ|5a�j8`bjreYx�d�j {bgka�c #

8�`%qPa�a�gye}gyjb`���e fbc�|<c6e<jbjrsk|�gk�l`bjbd[cYe^fbc5n�qJi�e�e f�qJe�e fbc#w×q 	[jld[gke[�-jJn
i�jbw(x�_be<c/d9j�a´d<q�hY`¼qrd[i�fbgke<c�i�e _�d<qPs�d´jbjld
xbshqr`b|(qrd[c�i/d[c/qJe}c�aÑe fbc�&!_be<jlo<&6z3x�d[jr�ld}qrw # &Yske fbjl_b�bfÑe fbc�|}c8xbshqr`b|�qrd�c8_b| _�qJsksk�Ñgh`bi�jl`b|<gk|<e<c/`�e(qr`ba
gh`bi�jlw(xbskc�e<cr��|<jlw�c�|<jlx�fbgk|<e}gyi/qPe<c�a�i�jld<d[c�i�e<gkjl`�qr`ba(qr`�qPsy�b|<gk|=i/qr`?>�c5x c/d�nÉjbd<w�c�a�>r�!i�jbw(x�_be<c/d��rd[c�|^_bsye}gæ`b�
gh`mi�syc/q�` " z�d´jbjld6xbshqr`b|!e f�qJe!qJshw�jr|<e6i�jlw(xbskc�e<c�sk�G| x c�i�g�nD�Ge fbc(�JzØ�rc�jlwÍc�e d[�%jJnpe fbc�>�_bgkska�gh`b� # +�fbgy|
gh`�nÉjbd<w(qJe<gkjl`Ùgk|[h5qJ|<e}c�a%hYfbc/`me fbc-_b|<c/d�gy|-d�c�vW_bghd[c�ame<j*d�c�a´d<q�håe fbc)d´jbjld5xbshqr`mgh`@q×a�g 
	c/d[c/`re�nDjld<w(qJeU�
jld<h�jld�|<cY��c�e/��d[c�vW_bghd[c�aGe<j�a´d<q�håe^fbc-�JzØ�rc�jlw�c�e^d[�(jJn=e fbc!c/`�e<ghd[cb>�_bgkska�gh`b� #
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+5fbc)$'&)(�*)+-,/. � ~=a�gke<jbd � $ &)(�*!~;z38]+ � � : � h5qJ|�a�c�{rc�skjlx c�a@gh`¼jld[a�c/d�e}j!n�qJi�gksygke qPe<c-e fbc-w×qr`bghx�_bsæq�j
e<gkjl`�jPn¸jH> 	[c�i�e<|Bh5gke fbgh`×e fbc5{bghd[e _�qJs�c/`�{lghd[jb`�w�c/`re�jJn¸e^fbc[>�_bgksya�gh`b� # 8Ôepc/w(xbskjJ�b|pqr`(`bc�hÖj�> 	­c�i�epw×qr`bghx�j
_bshqJe<gkjl`Ge}c�iRf�`bgkv�_bc*�b`bj�hY`@qJ|�� � > 	­c�i�e)&6|<|<jbi�ghqJe<gkjl`b| �³��hYfbgki�fÑ_b|<c�|-�b`bj�h�syc�a���c8qo>�jb_be!e fbc�>�c/f�qU{lgkjld
jJn=jH> 	[c�i�e<|�e<j(d[c�a´_bi�c-j�> 	­c�i�e5w(q�`bgæx�_bshqJe}gyjb`fh�gye^fbgæ`m�Jz�{lghd[e _�qPs	c/`r{bghd[jl`�w�c/`�e<|5e}jÍqÍe h�j�j�a�ghw�c/`b|}gyjb`�qJs
x�d[jH>bskc/w # @³jld�c�A�qrw(xbskcr�5qÑxbgki�e _�d[cmn�d<qrw�c%i/q�`�>�cG|<c�skc�i�e<c�a q�`ba w�jJ{rc�aÖqrd�jl_�`ba �YqJ|×gye%w�jJ{rc�|/��gke
d[c/w(qPgæ`b|2d¸qJe(qJ�bqJgh`b|<e�e fbcWh5qJsksD�=e fbc/d�c^nÉjld�c8d[c�a´_bi�gh`b� wÍj {�c/w�c/`re¬e<j@eyh�j%a�c��ld[c�c�|×jJn�nÔd[c�c�a�jbw # +�fbgy|
e<c�i�f�`bgkvW_bc¬a´d<qJ|<e<gki/qJsksk�Nd�c�a´_bi�c�|5e fbc-qrw�jb_�`re5jPn
e<ghw�c�d�c�vW_bghd[c�ame<j(x�d[jlx�c/d�sy�@x jr|<gke<gkjl`Ùgæ`�e<c/d[gkjld�jH> 	[c�i�e<|
h5gke fbgh`¼e fbc[>�_bgkska�gh`b�*wÍjla�c�s # tbe qr`ba´qrd[a×c�a�gye}gæ`b�ÍnÔ_�`bi�e<gkjl`b|�| _bi�f¼qJ|�o�jbxr�r��6=qJ|<e<cr�bqr`ba8z!c�skc�e<c!qrd[c6qJsk|<j

:



gh`bi�sh_ba�c�a #

+5fbc�|<c¬nDc/qJe _�d[c�|!i�jbwb>bgh`bc�e<j¼nDjld<w q8x j�h�c/d­nÔ_bs=e<jbjrs�nDjld6v�_bgkiR��sk� wÍjla�c�skgh`b�@e fbc�gh`�e<c/d[gkjld!jPnpe fbc(x�jrsk��j
fbc�a´d<qJsO>�_bgyska�gh`b�@w�jba�c�s # &Ø`�qJe _�d<qPs¸i�jbw(xbskc/w�c/`re6e<j�e fbgk|6e<jlj�s¸gk|!q¬|<�l|}e<c/w9e f�qJe�|<ghw�gkshqrd[sk�ÙnÔqJi�gkskgke qJe<c�|
e fbc�i�jl`b|<e^d<_bi�e<gkjl`GjJnpe^fbcW>�_bgksya�gh`b�Ñw�jba�c�s=gke<|<c�s n # .�c�a´_bi�gæ`b�Ñ_b|<c/d6gh`�e<c/d<qJi�e}gyjb`Ge<j%q¼e h�j�j�a�ghw�c/`b|}gyjb`�qJs
skc�{rc�sD��d<qJe fbc/d�e f�qr`�q!�Jz2c/`�{lghd[jl`�wÍc/`re/�J|^fbg�nDe<|�w�_bi�f¬jJn´e fbc[>�_�d�a�c/`�jJnÏ�Pz w�jba�c�skgæ`b��e<j6e fbc�i�jlw(x�_be}c/d��
n�d[c�c�gh`b�8e fbc-_b|}c/d�e<jW> c�w�jld�c!i/d[c/qJe<gk{rc-qr`ba@wÍjld[c-x�d[jba´_bi�e<gk{rc #
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+5fbcG|<e qPgæd�i/qJ|<cG�rc/`bc/d<qJe}jld(e}jljrs � tbe qPgæd � qP|<e<c/d�� �h�/� � gk|@qr`ßc/qrd[sk�Öa�c/wÍjl`b|<e d<qPe<gkjl`ßjJn�e fbcÑx�qrd}qJa�gk�lw
h�c�h5gk| fbc�aÎe<jÙnÉj�syskj�h7h�gye^fÑe fbc%��_bgksya�gh`b� � jla�c�s<;!c/`bc/d<qJe}jld	�¬e fbc8_b|<c/d¬| x c�i�g��´c�|×e fbc8shqU�rjl_be¬jJn5e fbc
w�jba�c�sYgh`ßeyh�j�j�a�ghw�c/`b|<gkjl`b|@_b|<gh`b�ÖqLd´jljld¼xbshqr`��Yq�`ba e^fbc@i�jlw(x�_be}c/d8qr_be}jlw(qJe<gki/qJsksk�Ö��c/`bc/d<qJe<c�|¼e fbc
i�jld<d�c�| x�jl`ba�gh`b�8�Pzãw�jba�c�s
_b|<gh`b�(e^fbc/d´jljld�xbshqr`%qr`ba%|}jlw�c!qJa�a�gke<gkjl`�qJs
x�qrd}qrw�c�e<c/d[|��Å|^_biRf¼qJ|5fbc�gk�lfre � #
8�`me fbc¬i/qJ|<c¬jJn�tbe qJghd � qJ|<e}c/d��´qJa 	<qJi�c/`�e/�´i�jbxbsæq�`�qrd!x�jrsk�b�rjl`b|!qrd[c�_b|<c�aGe<j8|^x�c�i�g nÉ�me fbc)d´jbjld6xbshqr`mjJn�q
|<e qPgæd�i/qJ|<c # +5fbc-tbe^qJghd � qJ|<e<c/d�x�d[jr�bd<qrw9d[c/qJa�|5e^fbgy|6xbsæq�`@qr`ba%i�jlw×x�_be<c�|Yx�d[jlx c/d5skjbi/qJe<gkjl`b|�nDjld5d}qJgksygh`b�r|
qr`ba¼| _�x�x�jbd[e->�c/qrw�| # +5fbc!_b|<c/d�| x c�i�g��´c�|6e fbc6skj�h�c�|<e�|<e<c/x¼qr`ba%e fbc6a�ghd[c�i�e<gkjl`¼jJnºqP|<i�c/`re # tbe^qJghd � qJ|<e<c/d
e fbc/`ßqr_be<jlw(qPe<gki/qJsksy�Îi/d�c/qJe<c�|8qÑx jrsk�Wfbc�a´d}qJs#wÍjla�c�s5jPn#e fbcm|<e qJghd[i/qP|<c@qr`baÎa�gk| xbshqU�l|%gke(gh`2qG{bgyc�h�gæ`b�
h5gh`ba�j�h # .�c/qJs4j�e<ghw�cr��gh`�e<c/d<qJi�e}gy{�c#w�jba�g4�´i/qJe<gkjl`b|5jPn¸e fbc6|<e qJghd[i/qP|<c5i/qr`�> c#w×qJa�c�>��(w�jJ{lgh`b�¬|<skgya�c/d�|5jl`
q-_b|}c/dpgh`�e<c/d�n�qJi�c�nDjld<w e f�qJep|^x�c�i�g nÉ�×|<e<c/x¼fbc�gy�bfre/��d<qPgyskgh`b�(fbc�gk�lfreU�Wq�`ba8jre^fbc/dpx�qrd<q�w�c�e<c/d[| # +5fbc6c/qJ|<c5jJn
i/d[c/qJe}gæ`b�¼q!n�qJghd[sk�%a�c�e qJgkskc�a@|}e qJghd[i/qJ|<c!w�jba�c�sD��>�� 	<_b|<e5a´d<q�h5gh`b�(x�jrsk�b�rjl`b|5gh` " zãq�`ba%e fbc/`¼iRf�q�`b�rgh`b�8q
nDc�h'|<skgka�c/d6{ qPsæ_bc�|U�´a�c/w�jb`b|<e d<qJe}c�a@e fbc!{JqJskgya�gke[�GjJn=e fbc�x�qrd}qJa�gk�lw # +5fbc-|<e^qJghd[i/qJ|<c¬�rc/`bc/d<qJe<jbdpe}jljrs>f�qJ|
>�c�c/` qJa´qrxbe<c�aÙnÉjld6_b|<c?h5gke fme fbc���_bgkska�gh`b� � jba�c�s^;!c/`bc/d}qJe<jld�|}�l|<e}c/w3a�c�|<i/d�g > c�a gh`me fbgk|-x�qrx c/d��	qr`ba
gk|Ya�c�|}i/d[gt>�c�aGgh`@q�shqJe<c/d�|<c�i�e<gkjl` #
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+5fbc%|<��w?>�jrskgkimd´jbjld�xbsæq�`Îc�Abe d<_ba�c/d¬e<jbjrs �h� : � e<jbjrs�gk|8qÙnÔ_�d�e fbc/d¬a�c/w�jl`b|<e d}qJe<gkjl` jJnYe fbc%i�jl`bi�c/xbe�jJn
�rc/`bc/d<qPe<gh`b�-�JzÖ�rc�jbw�c�e d[�!qr_be<jlw×qJe<gki/qJsksk�!n�d[jlw " z xbshqr`b| # +5fbgk|=e<jlj�sl_b|<c�|={rc/d[�!|}gæw×xbsyc�|<�Ww?> jrskgyi6xbsæq�`�j
{bgyc�hØ|}iRfbc/w(qPe<gki�|Ya´d<q�hY` h5gke fGqr`�� " zØc�a�gke<jld # 8�`me fbgk|6|<��wb> jrskgki8d[c/x�d[c�|<c/`�e qJe}gyjb`��¸d[jbjlw�|U��i�jld<d[gka�jld�|/�
qr`baÑj�e fbc/d6| x�qJi�c�|�qrd[c(qJsks�x jrsk�l�rjb`b|-gh`Geyh�j8a�ghw�c/`b|<gkjl`b| # @=gk�l_�d�c@��| fbj�h5|!e fbc(|}�Ww?>�j�sygki¼|<i�fbc/w(qJe<gki
nDjld�e fbc/��nDe f�d´jbjld�jJnptbjla´q�,YqJsks #

+5fbc¬e<jlj�sÏq�`�qJsk����c�|!qJa 	<qJi�c/`bi�gkc�|�> c�e h�c�c/`md[jljbw�|/��qr_be<jlw×qJe<gki/qJsksk�@xbsæqPi�c�|Ya�jbjld[|Yq�`bafh5gh`ba�j�h5|YqJe6d[c/q�j
|<jl`�q�>bsyc×syjbi/qJe<gkjl`b|�jl` e fbc�|<iRfbc/w×qJe<gki*qPi�i�jld[a�gh`b�@e<j%|}jlw�c�|<ghw(xbskc@d<_bskc�|/�=qr`baGi�jl`b|<e d}_bi�e<|-e fbc×e f�d[c�cej
a�ghw�c/`b|<gkjl`�qJs6�rc�jlwÍc�e d[�mnÉjbd-e^fbc�>�_bgkska�gh`b�´�5e f�qPe�i�jbd<d[c�| x jl`ba�|(e<jme fbc%eyh�j j�a�gæwÍc/`b|<gkjl`�qJs5xbshqr`b| # +5fbc
d[c�| _bske<gh`b�(e^f�d[c�cej�a�ghw�c/`b|<gkjl`�qJsF>�_bgkska�gh`b�@d[c/x�d[c�|<c/`�e qJe}gyjb`(gk|�nÔd�c�cYjJn>c/d<d[jld[|�qr`ba¼gæ`bi�jb`b|<gk|<e<c/`bi�gkc�|3>�c�i/qr_b|}c
e fbc!ghw(x�qJi�e6jJnpfl_�w×qr`¼c/d<d[jld�gy|!w�gh`bghw�g ��c�a ��e f�qJe5gk|/�³e fbc!�rc�jbw�c�e d[�¼gk|5�rc/`bc/d<qJe}c�aNqJsk�rjld�gye^f�w�gki/qJsksy�mgh`�j
|<e<c/qPa-jJn´a´d<q�hY`2>r��qYfb_�w(qr` # .�c�|^_bsye}gæ`b��w�jba�c�sy|pq�d[c�qJsk|<j!{bgkc�h5qo>bskc h�gye^f-e^fbc���c/d<�Pc�syc��2$'&�(�*)+V,[. �
|<�b|<e<c/w #

$2gke fÑe^fbgy|¬e<jbjrsD�º_b|}c/d[|�i/qr`Ñ_b|<c%q%eyh�j�j�a�ghw�c/`b|<gkjl`�qJs�c�a�gke<jld¬e<j@v�_bgkiR��sk� |^�Jc�e<i�fGjl_be�x jrsk�l��jl`b|(d[c/x�d[cej
|<c/`�e<gh`b��e fbc-d´jbjld�xbsæq�`��´qr`bamh5gke fbgh`%w�gh`l_be<c�|<h5qJsh��e f�d�jl_b�lf�e fbc)>�_bgkska�gæ`b�¼e f�qJe�h�jl_bska*d[c�|^_bsye # +5fbgk|�gy|

=



@=gk�l_�d[c8� �ºtb��w?>�jrskgki(xbshqr`%jJnptbjba´q�,YqPsysD� d´jljbd = #

x�j�e<c/`re}gæqPsysk�Ñq¼{rc/d[�@x j�h�c/d­nÔ_bs=qJa�a�gke<gkjl`Ge<j¼e fbc�|<c�e!jJnpi�jbw(x�_be<c/d9j >�qJ|}c�aNa�c�|}gy�b`Ge<jbjrsk|!e f�qJe!qrd[i�fbgye}c�i�e<|
_b|<cr��|<gh`bi�c@gke%qJsksyj�h5|m>�_bgyska�gh`b�Î{bgy|^_�qJskg �/qPe<gkjl`��-h5gke fßd[c/qJ|<jb`�qo>bskc@qJi�i/_�d<qJi��r�<>�c^nDjld[cm�¸`�qJs6qr`baÌnÉjbd<w(qJs
d´jbjld-xbshqr`b|(qrd[c×a´d<qUnDe<c�a _b|<gh`b�Ñq%x�d[jr�ld}qrwÕskgh�Jcm&#_be<jbo<&Yz(�	q�`baxh5gke fbjl_be(f�qU{lgh`b�me<j@a�jGqr`r�Ga´d<q�h<j
gh`b�@gh`Ñ�Jz # .�c/qJsD�>a�c�e qJgkskc�a d´jljld!xbshqr`b|¬e qr�Jc(w(q�`r�Gfbjl_�d[|!e<j¼a´d<q�hØi�jld<d[c�i�e}sy�'h5gke fGq%x�d[j��ld<qrw | _bi�f
qJ|?&!_be<jlo<&6z �Oh�qPsysk|8w�_b|<e�> c%a´d<q�hY`xh�gye^fÌi�jld<d[c�i�e<sk�Ìj 
	|<c�e�gh`�`bc/d8qr`baÌjl_be<c/dÍi�jl`re}jl_�d[|/�>|<e q�`ba´qrd[a
|<��w?>�jrsk|�nÉjld�a�jbjld[|Yqr`ba'h5gh`ba�j�h5|!w�_b|<e[>�c�i�jld}d[c�i�e<sk�%a´d<q�hY`@q�`baNx�d[jlx c/d[sk�NxbshqJi�c�aGgh`re}j8�lq�xb|Ygh`me fbc
h5qJsks	i�jl`�e<jl_�d[|U��c�e<i # +5fbc�qo>bgksygke[�@e}j8_b|<c-|}gæw×xbsyc/d���|<�Ww?> jrskgyi�xbshqr`b|!e f�qJeYq�d[c!c/qJ|<�%e<j×| �Jc�e<i�f@w(q��Jc�|5gke
x�j�|<|<gt>bskc!e<j!gh`bi�sæ_ba�c?>�_bgksya�gh`b�({bgk| _�qJskg �/qJe<gkjl`¼gh`×e fbc5c/qrd[sk�(a�c�|}gy�b`(|<e^qJ�rc�|BhYfbc/`�e^fbc#qrd�iRfbgke<c�i�e�gy|�w�c/d[c�sk�
e fbgh`���gæ`b�%i�jb`bi�c/xbe _�qJsksk�@qo>�jl_be�e fbc!nDjld<w9qr`baÙnÔ_�`bi�e<gkjl`ÙjJn
e fbc?>�_bgksya�gh`b� #

$Ñc%a�c�{rc�skjlx c�aÖ|<jbw�c%e<jbjrsk|(| x�c�i�g4�´i/qJsksk�ÎnDjld¬n�qJ|<eU�
|}e d<qJgk�lf�e[nDjldyh5qrd[aÑa�c�|}gy�b`ÎjJnYe^fbc�|<c%|<��wb> jrskgki%d´jbjld
xbshqr`b| # &Ysk|<j³�[h�cGa�c�{rc�skjlx c�aãqÌi�jl`�{rc/d[|}gyjb` x�d�jli�c�|<|me f�qJe%qJskskj�h�|%|<�Ww?> jrskgyi d´jbjld%xbshqr`b|%a´d<q�hY`ßgh`
h5gka�c�sk�NqU{ qPgyshqo>bskc�a´d<q�h5gh`b�%x�d[jr�ld<q�w�|/�b| _bi�f@qJ|Yo�qr`r{JqJ|Yqr`bag@´jld}w2j��=�be<jW> c�_b|<c�agh5gke f%e fbc¬|<��wb> jrskgki
c�Abe d<_ba�c/d�e<jbjrs # @³jld�c�AWqrw×xbsycr� |<�Ww?> jrskgyi¬|<i�fbc/w(qJe<gki/d´jbjld�xbsæq�`b|5nDjld�tbjla´q×f�qJsks�h�c/d[cYa´d}q�h6`8_b|<gh`b�¼e fbc
o5qr`�{ qP|-a´d<q�h5gh`b�Nx�d�jr�ld<qrw�nDjld � qJi�gh`�e<jr| f��>e fbc8xbshqr`b|?h�c/d[c(i�jb`r{rc/d�e<c�aÑe<j%e fbc%��c/d<�Jc�skc�� � `bgt;-d<q���A
nDjld<w(qJeU�¸qr`ba e fbc/`Ñ_b|<c�axh�gye^fGe fbc(|<��w?>�jrskgki¼c�Ale d}_ba�c/d6e<jlj�s=e<j@w�jba�c�spq%|<ghw(xbskg4�´c�aÎ{rc/d[|<gkjl` jJn�tbjba´q
,6qJsks # � `bc)d´jbjld�n�d[jlw e fbgk|!w�jba�c�s	gk|Y| fbj�hY`%> c�skj�h �N@=gk�l_�d[c " � #

$åfbgksyc¼e fbc(_b|<c(jPn�|<��w?>�jrskgki*xbshqr`b|¬|<ghw(xbskg4�´c�|(e fbc8x�d[j�>bsyc/wÙ�	gke�qJsk|<j%i�jb`b|<e d<qJgh`b|¬e fbc8_b|<c/d6e<j@q¼skj�h�c/d
skc�{rc�s�jJn
a�c�e qPgys	qr`ba¼skc�|<|Yd[c/qPsygk| w gh`¼e fbcV�¸`�qJs�>�_bgksya�gh`b�@w�jba�c�sD�bi�jlw(x�qrd[c�a¼e<j?hYf�qJe�h�jl_bskaf>�c!x�jr|<|}g >bskc
_b|<gh`b�¼a�c�e qJgkskc�a q�d[iRfbgke<c�i�e^_�d<qJs	xbshqr`b| #

�



@=gk�l_�d�c " �B&!x�x�d[j�Alghw(qJe}c�a@w�jla�c�s�jJn;tbjba´q�,6qJsks = e f?d´jbjld�� c�Ale d}_ba�c�a%n�d[jlw |<��wb> jrskgki3d´jbjld5xbshqr` #
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+5fbc `�qPe _�d<qJs!`bc�Ale%|}e<c/x >�c���jl`baåe<jbjrsk|%e f�qJe@qr`�qPsy� ��c qr`ba c�Ale d}_ba�cN|}�Ww?>�j�sygki d´jljbd%xbsæq�`b|fh5qJ|%e<j
i/d[c/qJe}cÍq¼|}�l|<e}c/wÕe f�qJe6i�jl_bskaÎ_b|<c8d[c/qJs=qrd[i�fbgke<c�i�e _�d<qPspxbsæq�`b| � hYfbgkiRfÑq�d[c?h5gka�c�sy�Ì_b|<c�a qr`ba qU{JqJgksæq�>bsyc��
qJ|6gh`�x�_be�qr`baÑx�d[jba´_bi�c(x�jrsk��fbc�a´d<qJs >�_bgkska�gh`b�Ñw�jla�c�sk|!e f�qPeYi�jl`�nDjld<w x�d[c�i�gk|<c�sk�Ñe<j¼e fbjr|}c�xbshqr`b| # +�fbgy|
c�Abe<c/`b|<gkjl`%>�d[gh`b�r|-h�gye^f(gkeYq¬�ld[c/qPe�qrw�jb_�`re�jJnºqJa�a�gke<gkjl`�qJs�i�jlw(xbskc�Algke[�r��> c�i/qr_b|<c!e fbc6gh`�x�_be<d´jljbd�xbshqr`b|
qrd[c�a´d<q�hY`¬gæ`ba�c/x c/`ba�c/`re}sy�%jPn¸e fbc5c�Abe d<_b|}gyjb`�e<jbjrs # +�fbc#o<&6z2e<jbjrsk|pe f�qJepq�d[c�e­��xbgki/qJsksk�*_b|<c�a×e<j!a´d<q�hY`
e fbc�|<c�xbshqr`b|/�³| _biRfmqJ|-&!_be<jlo<&6z(��qJskskj�h�e fbc-_b|<c/d�e<jre^qJs³nÔd[c�c�a�jbw9gh`fh6f�qJe5e fbc��¼a´d<q�h ��e fbc/d�c^nÉjld�cr��e fbc
d[c�| _bske<gh`b�@xbshqr`b|-qrd�c�_b| _�qJsksk�%n�_bsks=jJn=c/d<d[jld[|U�´gh`bi�jl`b|<gk|<e}c/`bi�gyc�|U�
qr`baGqrw?>bgy�b_bgye}gyc�| # +�fbc/d[c(qrd[c-x�d[jH>bskc/w�|
>�j�e fÖqJe¼e fbcm�rc�jlw�c�e d�gyiGqr`ba2|<c/w(qr`�e<gki@skc�{rc�sk| # +5fbcÑ��_bgkska�gæ`b� � jla�c�s);!c/`bc/d<qPe<jld �D� � ;��Í|<�l|}e<c/w
a�c�|<i/d[gt> c�aÖgh`Ìe fbgk|8x�qrx c/d�i�jld<d[c�i�e}|Íw×qr`r� jJn5e fbc�|<c@x�d[jH>bskc/w�|U��qr`baÎqJe<e^qJiRfbc�|�qrx�x�d[jlx�d�gæqPe<c%|<c/w(qr`�e<gki
w�c/qr`bgh`b�(e}j-e fbc6�rc�jlw�c�e^d[� # � � ; e fbc/`%qr`�qJsk� ��c�|�e fbc-d´jbjld�xbshqr`%qr`ba��¸`ba�|�i�syj�|<c�a%i�jl`�e<jl_�d[|�nDjld=c/qJi�f
jJn=e fbc!| x�qJi�c�| # &�|<jlx�fbgk|<e<gki/qJe}c�a@c�Abe d<_b|<gkjl`Ù|<�l|}e<c/w9e fbc/`Ùi/d[c/qJe<c�|YqÍi�jlw(xbskc�e<c��Pz'|<j�sygkaÑw�jba�c�s	jJn=e fbc
d´jbjld # � _bske<ghxbskc3d´jbjld[|�i/qr`%>�c¬|<e qJi��Jc�a¼gæ`�e<j%q0nÔ_bsksB>�_bgyska�gh`b�NwÍjla�c�s #

i



+5fbc%� � ; |}�l|<e}c/w�gk|(qGxbghx�c�skgh`bcNjPnYi�jld<d[c�i�e}gyjb`��pqr`�qJsk�b|<gk|/�pc�Abe d<_b|}gyjb`��={lgkc�h5gh`b�´��qr`baÌc�a�gke<gh`b�Ñe<jbjrsk|/�
hYfbgki�f%qrd[c5i�jlw?>bgh`bc�a%gh`re}jÍq¬|<gh`b�rskc!gh`�e<c��ld<qJe}c�a*x�d[j��ld<qrw # @=gk�l_�d[c!�-|^fbj�h�|pe fbc6|<e qJ��c�|pgh`¼e fbc!x�d[jli�c�|}|/�
qr`ba%e fbc0nÉj�syskj�h5gh`b�¼| _�>b|<c�i�e<gkjl`b|6�rgk{rc-qr`¼jJ{rc/d[{bgkc�håjJn=e fbc-w(qJgh`mqJi�e<gkjl`b|Yx c/d�nÉjbd<w�c�a@gh`Ùc/qJiRf¼|}e<c/x #
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@=skjljbd�xbshqr`b|!_b|<c�a@qJ|�gh`�x�_be6e<j�e fbc-� � ;�|}�l|<e}c/w�q�d[cYa�c�|}i/d[gt>�c�aGgh`¼e fbc)h5gka�c�sk�oj­_b|<c�aGz/Z[@ �Åz-d<q�h5gh`b�
c�Z6iRf�qr`b��c-@´jld}w(qJe � � � � �rc�jlw�c�e^d[�!a�c�|<i/d[ghxbe<gkjl`ÍnÉjbd<w(qJe # ~�qJi�f2d´jljbd=xbsæq�`(w(qU�!i�jl`�e qJgh`(w(qr`��-a�g 
	c/d[c/`�e
e[�Wx c�|�jJn5c/`re<gke<gkc�|/�;gæ`bi�sh_ba�gh`b�Ìsygh`bc�|/��x�j�sy�bskgh`bc�|/��x jrsk�l��jl`b|/�pqr`ba e<c�Ale # +5fbc ] Z �
	 SUT<O��¤Z �@x�f�qJ|<c¼jJn5e fbc
� � ;9|<�b|<e<c/w�i�jl`r{�c/d[e<|!e fbc(_b|<c^n�_bs=�rc�jlw�c�e^d[gki�c/`�e<gke<gkc�|-i�jb`bi�c/`re d}qJe<c�aGjl`Gq×nÉc�hØ|}c�syc�i�e¬shq/��c/d[|!gh`Ge fbc
z/Z[@ �´syc gæ`�e<j � `bgt;-d<q���A nÉjbd<w(qJe # +5fbcG| _�>b|}c�vW_bc/`�eN� � ;,| _�>b|<�b|<e<c/w i�jlw(x jl`bc/`�e<|%jlx�c/d}qJe<cGjl`
� `bg ;¬d<q���A�jDnÉjbd<w(qJe��rc�jlwÍc�e d[� #
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+5fbc6gh`�x�_be-d´jbjld�xbshqr`b|�e­��xbgki/qJsksk�@f�q/{�cYc/d<d�jld[|�q�`ba%gæ`bi�jb`b|<gk|<e<c/`bi�gkc�|Ye^f�qJe5x�d[c�i�sh_ba�c-a�ghd[c�i�e<sk�¼c�Ale d}_ba�gæ`b�
e fbc¬e h�j�j�a�ghw�c/`b|}gyjb`�qJs
c/`�e<gke<gkc�|!gh`re}j*q×e f�d[c�cej�a�ghw�c/`b|<gkjl`�qPspw�jla�c�s # &5e5e fbc��rc�jlwÍc�e d[gki-skc�{rc�sD��e fbc�w�jr|<e
i�jlw(wÍjl`Ñc/d}d[jld[|(w(qr`bg nDc�|<e(e fbc/wÍ|<c�sk{rc�|(gh`Ìe fbc¼nDjld<w,jJnYi�jl`�`bc�i�e}gy{bgke[�Öx�d[jH>bskc/w�|��¼c/`�e<gke<gkc�|*w�c/q�`re�e<j
>�c@qPa 	�qJi�c/`�e(w(qU�Gj {�c/d[shqrxÑjbd�w×q/� >�c%|<c/x�qrd}qJe<c�a�>r� qm�lq�x # t�_biRfÎx�d[j�>bsyc/wÍ|8w(qr�Jc×gye×a�g � i/_bsye¼e<j
i/d[c/qJe}c�e^fbc�a�c�|}gæd�c�a |<c/w×qr`re}gyi(qJ|}|<jli�ghqJe}gyjb`b|b>�c�eyh�c�c/`Gc/`�e<gke<gkc�| # &6sy|}j´��e fbc�|<c8x�d�jH>bskc/w�|-skc/qJaÑe}j@fbjrskc�|/�
i�jrgh`bi�gka�c/`re@x jrsk�l��jl`b|/�5qr`baÎgh`bi�jld<d�c�i�e8{bgk|<gt>bgyskghe[�2qr`ba d<qPa�gyj�|<gke­�Ìi�jlw(x�_be^qJe<gkjl`b|(gh`ße fbc@d[c�| _bske<gh`b�Ö�Jz
w�jba�c�s # +5fbc ]^ZrT^T[S ]UQ��¤Z �×| _�>b|<�b|<e<c/w9c�skghw�gh`�qJe<c�|-wÍjr|<e�jJn=e fbc�|<c!c/d<d[jbd[|Yqr_be<jbw(qJe<gki/qJsksk� #
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tbc/w(qr`�e<gki-qr`�qJsk�b|<gk|YjPn
e fbc/d´jbjld�xbsæq�`b|/�¸x c/d�nDjld<w�c�af>��(e fbc M � M����UO �ÁO | _�>b|<�b|<e<c/w jJnp� � ;(�bgk|Yd[c�v�_bgæd�c�a
nDjld�eyh�j�d[c/qJ|}jl`b| # @=ghd[|<eU�lgke6gk|Y`bc�i�c�|<| qrd��%e<j�syjbi/qJe<c¬|<��wb> jrskgki-c/`�e<gke<gkc�|Ygh`%e^fbc/d´jljld�xbsæq�`@qr`ba%�rc/`bc/d}qJe<c
e fbc�i�jld<d�c�| x�jl`ba�gh`b�%skgke<c/d<qJs=c�v�_bgk{ qJskc/`�e¬nÉjld�c/qJi�f��³nÉjbd5c�A�qrw(xbskcr�	c/qPiRfÙa�jljld6|}�Ww?>�j�s
i�jl`b|}gy|}e<|!jJn�q×sygh`bc
jld6d[c�i�e qr`b��syc �Dd�c/x�d[c�|<c/`�e<gh`b�%e fbc-a�jbjld ����qr`Gqrd[i �Dd[c/x�d[c�|}c/`re<gh`b�%e fbc�| h�gæ`b�%jPnpe fbc-a�jbjld �6qr`baGeyh�j×sygh`bc
|<c��lwÍc/`re<| �Dd[c/x�d�c�|<c/`re}gæ`b�6e fbc�a�jljld 	<qrw?>!jl`0c/qJiRf0|<gka�c�jJn´e fbcpa�jbjld�jlx�c/`bgh`b� � # @´jldÏc�Ale d}_b|<gkjl`�x�_�d<x�jr|}c�|/�
� � ;'w�_b|<e�i/d[c/qJe<c5e^fbcYeyh�j!c�a��rc�|�e f�qJe�i�syj�|<cYc/qPiRf×jJn	e fbc6| x�qJi�c5i�jl`�e<jl_�d�|pjl`×c�gke fbc/d�|<gka�cYjJn>e fbc5a�jbjld
jlx c/`bgæ`b� #

tbc�i�jl`ba	��e fbc¬�rc�jlw�c�e^d[gki-c/`�e<gke<gkc�|-w�_b|}e�> c-�ld[jb_�x�c�aGe<jr�rc�e^fbc/d�gh`re<j¼c/`�e<gke<gkc�|)h5gke fGq(| x c�i�g4�´i(|<c/w(qr`�e<gki
w�c/qr`bgh`b� # @³jld	jb_�d=x�_�d<x�jr|}c�|/�Je fbc�c�a��rc�|pd[c/x�d[c�|}c/`re<gh`b�)h5qJsksk|=| fbjl_bskaW> c��bd[jl_�x�c�a×gæ`�e<j!q6|<gh`b�rskc5i�jl`�e<jl_�d
| x c�i�g�nD�bgæ`b�%e^fbcY| x�qPi�c!jld�d[jljbw > jl_�`ba´qrd[� # +5fbgk|Ygk|Y`bc�i�c�|<|^qrd[�¼gæ`¼jbd[a�c/d�e<j(x�d[jJ{lgka�c!e fbc-_b|<c/d5h5gke f¼e fbc
qo>bgkskgke­�Ge<j¼i�jl`�e d[jrs�e fbc(x�d[jlx�c/d�e<gkc�|!jJnpe fbc�c�Ale^d<_ba�c�aÑw�jla�c�s=jb`@q%x�c/d j­d[jljbw >�qJ|}gy| # &Ysk|<j³��|<gh`b�rskc(i�jl`�j
e<jl_�d�|�d�c/x�d[c�|<c/`�e<gh`b��c/qPiRf¼c/`bi�skjr|<c�a%|^x�qJi�c!c/`�qo>bskc!|<e d<qPgy�bfre[nDjldyh5qrd�a�a�c�e}c/d<w�gh`�qJe<gkjl`¼jJn=x�d[jlx�c/d�x jrsk�l�rjb`
jld[gkc/`�e qJe<gkjl`mgh`Ge fbc×c�Ale d}_ba�c�a w�jba�c�sÉ�>qr`baÑx�d[jJ{lgka�c(e^fbc(i�jlw(x�qrd�e w�c/`�e qJskg �/qJe<gkjl`G`bc�c�a�c�aÑnDjld�c � i�gkc/`re
{bgy|}g >bgkskgke[� q�`�qJsk�l|<gk|!qr`bam�¸d[c¬|<ghw�_bshqJe}gyjb` #

`



Conversion from 
DXF to UNIGRAFIX

Cleanup/Correction
Fix gaps, intersections

Semantic Analysis
Find Rooms and Portals

User editing and
verification of floor plan

Fit ceiling plan regions
into floor plan spaces

Further Processing
Contour Breakup

Construction
of 3D model

User editing and
verification of 3D model

Complete 3D Polyhedral Model

objects into 3D model
Import pre-modeled

Multi-floor processing
Form roof, slab polygons

Ceiling plan -->

Staircases -->
Furniture -->

2D AutoCAD floor plan

@=gk�l_�d[c-� ��+5fbc-� � ; |<�b|<e<c/w #

�
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o�jl`�e<jl_�d�|5i�jld<d[c�|^x�jl`ba�gh`b�@e}j(e fbc(d[jbjlw�|!qr`baNx jld[e qJsk|!jl`Ùe fbc)d´jbjld6xbshqr`Ñqrd[c0nÉjbd<w�c�aNq�_be<jlw(qJe}gyi/qPsysk���
fbj�h�c�{rc/d���gye%gk|@x jr|<|<gt>bskcÑe f�qJe×e fbc@gh`�e<c/`ba�c�a'd[c�| _bske<|%qrd[cG`bjre¼jH>be qJgh`bc�a2e f�d[jl_b�bfÎe fbgk|%x�d[jli�c�|}| # 8�`
e fbc�|<cGi/qJ|}c�|/�Y_b|<c/d×gh`re}c/d<qJi�e<gkjl`ßgk|Nd[c�v�_bghd[c�a # +5fbcÑ_b|<c/d¼w(qU�Îa�ce�¸`bc `bc�hÕc�a��rc�|%gh`ßjld[a�c/d¼e}jÑnDjld<w
i�skjr|<c�aÌi�jl`�e<jl_�d[|6nDjld!d[jbjlw�|-qr`baÌx�jld[e^qJsk|-e f�qJe)h�c/d[c¼`bjre-qr_be<jlw×qJe<gki/qJsksk�@nDjl_�`baÌa´_�d[gh`b�@e fbc¼qr`�qJsk�l|}gy|
x�f�qJ|<c # &5nDe<c/d-qPa�a�gæ`b�Ì`bc�h���c�jlw�c�e d[�r��e fbc%_b|<c/d-w(qU�Ñf�qU{rc8� � ; qPe<e<c/w(xbe¬e<jNqr_be}jlw(qJe<gki/qJsksk�GnDjld<w
e fbc�qJa�a�gke<gkjl`�qJs=i�jl`�e<jl_�d[|��´jlxbe}gyjb`�qJsksy�r��e^fbcÍ_b|}c/dYw(qU�%| x c�i�g nÉ�me fbc�c/`re<ghd[c�> jl_�`ba´qrd[�%jJn�q�`NqPa�a�gye}gyjb`�qJs
i�jl`�e<jl_�d->��%f�qr`ba # &6sy|}j´�´_�`ba�c�|<ghd[c�aGi�jl`�e<jl_�d[|6w(qU�W>�c¬a�c�syc�e}c�a # +5fbgk|6c�a�gke<gh`b�@x�f�qJ|<c-x�d[jJ{bgya�c�|!q?h5qU�
nDjld�e fbc-_b|<c/d�e<j({�c/d[g nÉ�%e fbc-d�c�| _bske<|YjPnºe fbc¬i�jld<d[c�i�e}gyjb`%qr`baNqr`�qPsy�b|<gk|!x�f�qJ|<c�|/�E>�c^nDjld[c¬i�jl`re}gæ`b_bgh`b�8jb`%e<j
i/d[c/qJe}c!e fbc!e f�d[c�c¬a�gæwÍc/`b|<gkjl`�qJswd´jljld�w�jla�c�s #
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&Õd[ced´c�i�e<c�aÖi�c�gkskgh`b�Öxbshqr` �P.�o-6 ��w(qU�Ñjlxbe<gkjl`�qJsksk� > c@_b|<c�aÖe}j x�q�d[e<gke<gkjl`Öd�jljlwÍ|�e^f�qJe?h5gksys6i�jl`�e qJgh`
|<c�{rc/d}qJsWd�c��rgkjl`b|=jJn´a�g 
	c/d[c/`re=i�c�gkskgh`b��fbc�gk�lf�e<| # ~pqPiRf¬| _bi�f�d[c��rgkjl`¬gk|=gæ`ba�gki/qJe}c�aW>r��q5a�ghqJ��jl`�qJsb| x�c�i�g nD�lgh`b�
e fbcÑd[c��rgkjl`�
 |8e[��xbgyi/qPsysk�åd[c�i�e q�`b�l_bshqrdW> jl_�`ba´qrd[gkc�| # +5fbc�|<cGa�c�|<i/d[ghxbe<gkjl`b|mi�jl`re^qJgh`Ö|}gæwÍgyshqrdm`l_�wÍc/d[gki/qJs
gh`�qJi�i/_�d<qJi�gkc�|!qr`ba%i�jl`�`bc�i�e<gk{bgke­�@x�d�jH>bskc/w�|��Nh5gke f%d�c�| x�c�i�e5e}j�e^fbc-d[jljbw i�jb`re<jb_�d[|�e f�qJe�i�jl`�e qJgh`(e^fbc/w �
qJ|@qJsks!jre^fbc/d¼�rc�jlw�c�e d�gyi c/`re<gke<gkc�|��¬e fbc/d[c^nDjld[cr�6e fbcx.�o-69i�jbd<d[c�i�e<gkjl`åx�f�qP|<cÑgh`re}c�syskgk�rc/`�e<sk�å| `�qrxb|me fbc
>�jb_�`ba´qrd[gkc�|(jJn5| x c�i�gæqPs�i�c�gkskgh`b� q�d[c/qJ|!e<jG`bc/qrd >��Ni�jbd<`bc/d[|�gh`Ñe fbc%d[jbjlw # .�c��rgkjl`b|�{rc/d��Ni�skjr|}c8e<jmjl`bc
qr`bjre^fbc/d�q�d[cYc�A�x�qr`ba�c�amjld=| f�d}_�`��(e<j�i/d[c/qPe<cYe^fbc-w�jr|<e�xbsæq�_b|<gt>bsyc(qJa 	<qJi�c/`bi�� # .�jljlwÍ|5i�jl`�e qJgh`bgh`b�(jl`bc
jld¬w�jld[cW.�o-6Ød�c��rgkjl`b|(qrd[c8x�qrd�e<gke<gkjl`bc�a qPi�i�jld[a�gh`b�Ñe<jme fbc8d[c��rgkjl` >�jb_�`ba´qrd[gkc�|/��d[c�| _bske<gh`b�Ggæ`Ì|^x�qJi�c�|
e f�qJe?h5gksks!f�q/{�c*`bj x�f��b|<gki/qJs[h5qJsksk|W> c�e h�c�c/`Ìe fbc/wÙ� >�_be�h6fbjr|<c%i�c�gkskgæ`b�Öfbc�gk�lf�e<|mh5gksks[>�cm|<c/x�qrd<qJe}c�sy�
qJa�a´d[c�|}| qo>bskc #
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+5fbcY_b|}c/d=w(qU��qJ|<|}gy�b`�q!_b|}c/d9j�a�ce�¸`bc�a8e[��x�c�e<j!c/qJi�f�x�jld�e qJs�skjli/qPe<c�a�>r�(� � ; # $ gke fÍc/qJiRf�x jld[e qJsbe[�Wx cr�
e fbc8_b|}c/d-i/q�`ÑqJ|<|<jbi�ghqJe<c%q@x�d[j�e<jre[�Wx c(w�jla�c�s�e f�qJe2h5gksys-> c8gh`b|<c/d[e}c�a gh`�e<j@e fbc¼i�jld<d�c�| x�jl`ba�gh`b�Ñx�jbd[e qJs
jlx c/`bgæ`b�¼gh`¼e fbc-�JzØw�jba�c�s # � � ;Øqr_be<jlw(qPe<gki/qJsksy�¼|<g ��c�|6e fbc#fbc�gk�lf�e6jJn
e fbc-x jld[e qJs³jlx�c/`bgh`b�¼gh`%e fbc-�Jz
w�jba�c�s=e<jm�´e!e fbc(gh`b|<c/d�e<c�a x�d[jre}jre[�Wx c # +5fbgk|�qJsksyj�h5|!e^fbc8_b|<c/d6e<j%gh`�e<c/d<qJi�e<gk{rc�sk�Gi�f�qr`b�rc8qr`baGjH>b|}c/d[{rc
e fbc!|<g ��c-qr`ba��Pjld�|<e[�bsyc6jJnBh5gh`ba�j�h'qr`ba¼a�jljld�nÔd<q�w�c�|�c/qJ|<gksk�r��>��(|<ghw(xbsk�%i�f�qr`b�rgh`b�8e^fbcYgh`b|<c/d[e}c�aNx�jbd[e qJs
x�d[jre}jre[�Wx c #
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tbc�{rc/d<qPsºqJa�a�gke<gkjl`�qPsºx�d[jbi�c�|<|<gh`b�%|<e}c/xb|#qrd�c�d[c�v�_bghd[c�aGgæ`me fbc�x�d[cej�c�Abe d<_b|<gkjl`m|<e qP�rc!gh`@jbd[a�c/d�e<j¼| _�x�x�jbd[e
e fbc��rc/`bc/d<qPe<gkjl`�qr`ba(c�a�gke<gh`b�-jJn�e fbc5�Jzåw�jba�c�s # @=ghd[|<eU�Ji�jl`bi/qU{rc5d[c��rgkjl`b|/��| _biRf�qJ|^(�j�| f�qrx�c�a¼d[jljbw�|pqr`ba
skjl`b�´��h5gh`ba�gh`b�-i�jbd<d[gka�jld[|/�Jqrd[c<>�d[jl�Jc/`¬_�x¬gæ`�e<j6i�jrskskc�i�e<gkjl`b|pjJn¸qPa 	�qJi�c/`�e/�Ji�jl`�{rc�A-d[c���gyjb`b| # +5fbc�|<cpi�jb`r{rc�A
d[c��rgkjl`b|6x�d[jJ{lgka�c-q¬|<e d<qPgy�bfre[nDjldyh5qrd�aÍx�qPe f(e}j���c/`bc/d<qJe<gh`b�(i�c�sksk|Ye}j > c-_b|<c�a%gh`¼{lgk|<gt>bgkskgke­�mi�jlw(x�_be qPe<gkjl`b|
nDjld�gh`re}c/d<qJi�e<gk{rc)h5qJsh��e f�d[jl_b�lf¼jPnºe fbc-�Pz w�jla�c�s #

��c



+5fbc!c�a��rc�|/>�c�eyh�c�c/`¼| _biRfmqJa 	<qJi�c/`re5d[c���gyjb`b|Yqrd[c-w(q�d<�Jc�a¼| x�c�i�ghqJsksk�Nqr`ba@q�d[c!e d[c/qJe}c�a8a�g 
	c/d[c/`�e<sk�%e f�qr`
d[c��l_bshqrd�h5qJsks�c�a��rc�|�a´_�d[gh`b�(c�Abe d<_b|<gkjl` # &�nDe<c/d�c�Ale d}_b|<gkjl`���e fbc!_b|<c/d�w(qU�(|<c�skc�i�e5c/qJi�f×| x�qJi�c!qr`ba%|<c�e�gke<|
i�c�gkskgæ`b�Ìfbc�gy�bfre # t�x�qJi�c�|�e f�qPe)h�c/d�c(i/d[c/qJe<c�a >r�x>�d[c/qr��gh`b�N_�xÌq%|<gh`b�rskc¼i�jl`bi/qU{rc(| x�qPi�c(gh`re<jGw�_bsye}gæxbskc
i�jl`�{rc�A%d[c��rgkjl`b|5| fbjb_bsyaG`bjreYf�qU{rc/h5qJsksy|/>�c�eyh�c�c/`%e fbc/w ��fbj�h�c�{rc/d��bg npeyh�j¬| _bi�f@qJa 	<qJi�c/`�e�|^x�qJi�c�|Yf�qU{rc
a�g 
	c/d[c/`re¬i�c�gksygh`b�Ñfbc�gk�lf�e<|/�>e fbc/d[c�| fbjl_bska�>�c8q%xbgkc�i�c¼jJn h5qJsks=�rc/`bc/d}qJe<c�aÑe f�qPeYi�skjr|<c�|¬j 
Îe fbc(jlx c/`bgæ`b�
i/d[c/qJe}c�aS>r�Ñe^fbc%e h�jGqJa 	�qPi�c/`re�| x�qJi�c�|×jJnYa�g 
	c/d[c/`re¼fbc�gy�bfre<| # +�fbc@x�d[cej�c�Ale^d<_b|<gkjl`Îx�d[jbi�c�|<|<gh`b�Îx�f�qJ|<c
c/`�qo>bskc�|5e fbgk|->��(skjli/qJe}gæ`b�(qr`ba%w(qrd}�rgh`b�-e^fbcYc�a��rc�|�jJn
qJa 	<qJi�c/`bi��r�´q�`ba(�rgk{lgh`b�(c/qPiRf×jJn	e fbc6| x�qJi�c�|�e f�qJe
| f�qrd�c8qr`Gc�a��rc%q%x�j�gæ`�e<c/d¬e<j%e fbc¼jre fbc/d6|^x�qJi�cr�>e fl_b|�d[c�i�jld[a�gh`b�Ge fbc8x�qPgæd�|-jJn5| x�qJi�c�|¬e f�qJe�f�q/{�c(e fbgk|
e[�Wx c!jJnpqJa 	�qPi�c/`bi�� #

� ��� � 
 �*
���/�+�) � � �
� �"( ��
�
 3 ) � 
 � 7 ) � �*/0� � ��������� ��� 
��

8�` �rc/`bc/d<qJsD��e fbc(�Jz3x�j�sy��fbc�a´d<qJspwÍjla�c�s=jJn�c/qJi�f%d´jbjld�gk|-i/d[c/qJe}c�aL>��@e^d<qU{rc/d[|<gh`b�¼e fbc " z i�jl`�e<jl_�d�nDjld
c/qJi�f8d�c��rgkjl`��´qr`ba¼�rc/`bc/d<qJe}gæ`b�(q¬{rc/d[e}gyi/qPsÉ� gæ`�h5qrd[a�jDn�qJi�gh`b�8d[c�i�e q�`b�l_bshqrd�x�jrsk�b�rjl`ÍnÉjld�c/qJi�f×c�a��rc # @=skjljbd[|
qr`baÎi�c�gkskgh`b�r|@qrd[c@d[c�|^x�c�i�e<gk{rc�sk�Ö_�x�h�q�d[aÖqr`baÎa�j�hY`�h�q�d[a�jDnÔqPi�gæ`b�Ñx jrsk�l�rjb`b|/�5qJe(qrx�x�d[jlx�d�gæqPe<c@fbc�gk�lfre}|/�
hYfbjr|}c " z9x�d[j�	[c�i�e<gkjl`mgk|!gya�c/`�e<gki/qJs=e<j¼e fbc¬i�jld<d[c�| x jl`ba�gh`b� " z | x�qJi�c¬i�jl`re}jl_�d # $åfbc/d[c-c/qJi�fm| x�qJi�c¬gy|
qJa 	<qJi�c/`�e!e<j@q%x�jld�e qJsD�	q%| _bgke q�>bsyc¼fbjrskc(gk|!nDjld<w�c�aGgh`Ñe^fbc�c�Abe d<_ba�c�a h�qPsysk| # 6�d[jlx c/d[e<gkc�|-| _bi�fGqJ|)h5qJsks
fbc�gk�lf�e/�=x�jld[e^qJspjlx c/`bgh`b�N|}g ��cr��qr`ba x jld[e qPs=c�syc�{JqJe<gkjl`Îqrd�c(| x�c�i�g4�´c�aS>��Ñe fbc8_b|}c/d�x�d�gyjbd!e<jmc�Ale d}_b|<gkjl`��
qr`ba%i/qr`mqJsk|<jW> c-i�f�qr`b�rc�a%shqJe<c/d #
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&�nÉe<c/d;e fbcY�Jz�w�jla�c�s nÉjbd=e fbc<d´jbjld�f�qJ|->�c�c/`×i/d[c/qJe<c�a	��e fbc#_b|}c/d=gk|5q�
	jld[a�c�a8q¬`l_�w?>�c/d;jJn�h5q/�b|pe}j!c�a�gye
e fbc8d�c�| _bske # t�x�qJi�c�|-i/q�`x>�c(c�a�gke<c�aÎqJe!e f�d�c�c(skc�{rc�sk|�jPn��ld<q�`l_bshqrd[gke[���Ye^fbc(c/`re}gæd�c(i�jrskskc�i�e<gkjl`ÌjJn�|^x�qJi�c�|
jl`Ge^fbc3d´jbjld��>qJsksp| x�qPi�c�|-jJn5q¼�rgk{rc/`Ñe[��x�c �Åj � i�cr�	i�jld<d�gya�jbd��	c�e<i # ����jld!qr`��Ggæ`ba�gk{bgka´_�qJs5| x�qJi�c # t�x�qPi�c
x�d[jlx c/d[e<gkc�|6e f�qJe�i/qr`f> c-c�a�gke<c�amgæ`bi�sh_ba�c��5`�qrwÍcr��e[�Wx cr��h5qJsks
fbc�gk�lfreU�´qr`ba@i�j�syjbd[| # 6>jld[e qPsy|�i/qr`%qJsk|<jW> c
c�a�gke<c�a@qJe�e f�d[c�c6syc�{�c�sy|6jJn	�ld<q�`l_bshqrd[gke[���
e^fbcYc/`�e<ghd[c6i�jrsksyc�i�e}gyjb`%jJnºx jld[e qPsy|�jl`Íe fbc-d´jbjld���qJsks	x�jbd[e qJsk|�jJn
q
�rgk{rc/`Ùe­��x�cr�³jld5q�`r�¼gh`ba�gy{bgka´_�qJs�x jld[e qPs # +5fbc�_b|<c/dYw×q/�¼i�f�qr`b�rc!e fbc�fbc�gy�bfre � �G{JqJsh_bc��6jJnºe^fbcb>�j�e<e<jlw
qr`ba¼e<jlx�jPn
e fbc!x�jld[e^qJs�jlx�c/`bgh`b�´�³qr`ba8e^fbc#x jld[e qJs³e[�Wx c # 8Én
e fbc6e[�Wx cYjJn
q�x�jbd[e qJs³gy|�i�f�qr`b�rc�a%qr`ba¼e fbc/d[c
gk|5q�x�d�jre<jre[��x�cYw�jba�c�s	qJ|<|<jbi�ghqJe<c�amh5gke f×e fbc#`bc�h�sy�¼i�fbjr|<c/`×e­��x�cr�be fbc6jlx c/`bgæ`b�×gy|�|<g ��c�aGqr_be<jlw(qPe<gki/qJsksy�
gh` �ße<jg�´e(e fbc@x�d�jre<jre[��x�c # 6pd�jre<jre[��x�c�|�e f�qJe�a�j `bjre2�´e(e^fbc@x�jld[e^qJspjlx c/`bgh`b� gh`�Z jld��Õqrd[c%`bjre
qJskskj�h�c�a # $ fbc/`ÙiRf�q�`b�rc�|Yqrd[c-q�x�xbsygkc�a	�³e fbc-� � ;Ø|<�b|<e<c/w3_�x a´qJe<c�|5e^fbc-w�jla�c�s>qJ|Y`bc�c�a�c�aNq�`ba@| fbj�h5|
e fbc-d[c�|^_bsye}|Yghw(w�c�a�ghqJe}c�sy�mgh`%e fbc-w�jba�c�s	{bgkc�h h5gh`ba�j�h #
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+5fbcÑ_b|<c/d%w(qU�qh5gk| fße<jÖqJa�a2| x�c�i�ghqJskg ��c�a w�jba�c�sk|@jJn(x�qrd[e<gki/_bshqrd¼i�jlw(x jl`bc/`�e<|@| _bi�f2qJ|%|<e qPgæd�i/qJ|<c�|/�
c�skc�{ qJe}jld�i/qrd[|U��qr`baÖ`bjb`�j­d[c�i�e<gkskgæ`bc/q�d¼|<e d<_bi�e _�d�c�|�e}jNe^fbc@�Jz�w�jba�c�s�jPn#e fbcmd´jbjld # +�jGe fbgk|8c/`ba	��e fbc
]^Z�� 	WZ � S � Q � � O�S/T^Q��ÅZ �%nDc/qJe _�d�c8jJn!� � ;ÕqJskskj�h5|(e fbc@_b|}c/d-e}jN|^x�c�i�g nÉ�Îe^fbc%syjbi/qJe<gkjl`Îq�`baÎjld[gkc/`re^qJe<gkjl`
h5gke fqhYfbgki�fÖ|^_biRfßi�jlw(x jl`bc/`�e@w�jla�c�sk|Gw(qU�S>�cGgh`b|<c/d[e<c�aågh`�e<jÌe fbcx>�_bgyska�gh`b� # ~�qJiRf jH> 	[c�i�e8e}j > c
gh`bi�jld<x jld<qJe<c�aåw�_b|<ef> cÑa�c�|<i/d[gt>�c�a�gh`ße fbc � `bg ;¬d<q���Aßsæq�`b�l_�qJ�rc # +�jÎgh`bi�sh_ba�cÎ| _biRf2qr`ßc�Abe<c/d<`�qJsksk�
a�c�|<gk�l`bc�a%i�jlw×x�jl`bc/`�e5gh`(e^fbc#�JzØw�jba�c�s�i/d[c/qJe<c�a%>r�¼� � ;×�re fbc!_b|<c/d�w(qU��| x�c�i�g nD�@qr`�gh`b|<c/d[e<gkjl`%x jrgh`re

�r�



�Dq¬x�jrgh`�e�i�jbd<d[c�| x jl`ba�gh`b��e}j-e fbc5jbd[gk�rgh`(jJn	e fbc6gh`b|<c/d[e<c�a¼i�jlw(x jl`bc/`�e�
 |pi�jbjld[a�gh`�qJe}cY|<�b|<e<c/w �^>���i�skgki��rgh`b�
jl`mq�{rc/d[e<c�A¼gh`me fbc��Jz wÍjla�c�s # +5fbc/`Ùe fbc�_b|<c/d6w�_b|<e5| x c�i�g nÉ�me fbc�d[j�e qJe<gkjl`%>��%i�skgyi���gæ`b�%jb`@q�|<c�i�jb`ba
{rc/d[e}c�A # $2gke fße fbgk|%gh`�nÉjbd<w(qJe<gkjl`��!� � ;,a�c�e<c/d<w�gh`bc�|@e^fbcNi�jbd<d[c�i�e¼e d<qr`b|<shqJe}gyjb` q�`ba d�jre qJe<gkjl`��6qr`ba
gh`b|<c/d[e<|!qr`¼gh`b|<e q�`bi�c-jJn
e^fbc-i�jlw(x jl`bc/`�e5gh`re<j×e fbc��Jz d´jbjld5w�jba�c�s #
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+5fbc(� � ;3_b|<c/d!i/q�`%nDjld<w q¼i�jlw(xbskc�e<cm>�_bgyska�gh`b� w�jba�c�s^>��@|<e qPiR��gh`b�%gæ`ba�gk{bgka´_�qJs<d´jbjld!w�jba�c�sy|�qJe<jlx
jl`bc�qr`bjre fbc/d # ,�j�h�c�{rc/d��´fbjrskc�|#w×q/�¼c�Abgy|}e!gæ`Ùe fbc-c�Abe<c/d[gkjld�jJn=e fbc�d�c�| _bske<gh`b�f>�_bgyska�gh`b�NwÍjla�c�sB>�c�i/qr_b|}c
e fbc�c�Abe<c/d[gkjldVh�qPsysk|!jJn�qPa 	�qJi�c/`�e/d´jbjld[|!w(qU�@`bjre#f�qU{rc�qr`mgka�c/`re<gki/qJs " z�x�d[j 	­c�i�e<gkjl` # @³jld5c�A�qrw(xbskcr��g n
e fbc2�¸d[|<eVd´jbjld5gk|!|<gk�l`bg4�´i/qr`�e<sk�Gshqrd[�rc/d�e f�qr`Ùe fbc�|<c�i�jl`ba	��|<e qPiR��gh`b�8e fbc/w _�xGd[c�| _bske<|!gh`Gq%fbjrskc?hYfbc/d[c
e fbc6|<c�i�jl`ba�d´jljbdpa�jbc�|5`bjre�c/`re}gæd�c�sy�¼i�jJ{rc/d=e^fbc-�¸d[|}e # � � ;�qr`�qJsk� ��c�|5e fbc " z'x�d[j 	­c�i�e<gkjl`b|�jJn
qJa 	<qJi�c/`�e
d´jbjld[|�q�`ba*qr_be}jlw(qJe<gki/qJsksk�¼i/d[c/qJe<c�|�| _bgke qo>bskc/d´jljbd=jld�i�c�gkskgæ`b�%x�j�sy�b�rjl`b|�e<j¬i�skjr|<c6j 
@e fbc�|<c6jlx�c/`bgh`b�r|U��gh`
jld[a�c/d�e<j(x�d[c�|<c/d[{rc¬e fbc!|<jrskgkaNwÍjla�c�s	i�f�qrd<qPi�e<c/d[gk|<e<gki�|6jJnºe^fbc3>�_bgyska�gh`b� #

� ������:p�º����
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@=skjljbd(xbshqr`b|*_b|}c�aÖqJ|(gh`�x�_be8e}j � � ; � @=gy�b_�d[c : �(qrd�c@qJ|<| _�w�c�aÎe}j f�qU{rc8|}jlw�c@w�gh`bghw(qJs6|<c/w(qr`�e<gki
gh`�nÉjbd<w(qJe<gkjl` qJe<e qJi�fbc�aÑe<j%e^fbc/w%�	gh` e fbc�nDjld<w jJn �kM��JS/T}O # � |}gæ`b�mshq/��c/d[|-gk|�e fbc(|<e^qr`ba´qrd[aÑw�c�e fbjbaÑjJn
i�shqJ|<|<g nD�lgh`b�%qr`ba%�ld[jb_�xbgæ`b�×�rc�jlw�c�e d��(gh`m&#_be<jbo<&Yz(��qr`ba%gh`¼z/Z[@ nDjld<w(qJe�gh`%�rc/`bc/d<qPs # +5fbc!�rc�jlw�c�e^d[�
gh`%e fbc-tbjba´q¼f�qJsksEd´jljbd5xbshqr`b|Ygk|6�ld[jl_�x c�a@gh`�e<j(| x c�i�g��´i�shqU�rc/d[|�nDjld<h5qJsksk|/��a�jbjld[|U��h5gh`ba�j�h5|/�´qr`ba%j�e fbc/d
w�jld�c!| x�c�i�ghqJskg ��c�aÑc�skc/w�c/`�e<| #

8�`GqJa�a�gke<gkjl`��	`b_�w?>�c/d[c�aÑd[jbjlw�|6qr`ba@| x�qPi�c�|Ygh`me fbcb>�_bgkska�gh`b�Ñqrd[c-gh`ba�gki/qJe<c�a >r�@d[jbjlw3`b_�w?>�c/d�shqo>�c�sk|
jl`�e^fbc<d´jljbd=xbsæq�`��WxbshqJi�c�a%`bc/qrd;e fbc5i�c/`�e<c/d=jJn�e fbc[> jl_�`ba´qrd[��jJn	c/qJi�f¬| x�qJi�c # +5fbgk|�sæq�>�c�s	x�d[jJ{rc�|p_b|<c^n�_bs
gh`%skjbi/qJe<gh`b�8e^fbc!i�syj�|<c�a@i�jl`�e<jl_�d�|�nÉjbdpe^fbc�|<c-| x�qPi�c�| #

$åfbgksyc¬e fbgk|Yw�jba�c�|<e5qrw�jl_�`�e�jJn
|<c/w×qr`re}gyi!gh`�nDjld<w(qPe<gkjl`¼i/qr`m>�c�qP|<| _�w�c�a	�bi�jld<d�c�i�e���c�jlw�c�e d[�×i/qr`%`bjre #
8�`Ùn�qJi�e/�³gh`�x�_be/d´jljld6xbshqr`b|!e[�Wxbgki/qJsksk�G| _ 
	c/d�n�d[jlw�w(qr`��%c/d<d[jld[|!qr`baGqrw?>bgy�b_bgye}gyc�| # &5e6e fbc-�rc�jbw�c�e d[gki
skc�{rc�sD�	skgh`bc�|<c��lw�c/`�e<|!d[c/x�d[c�|<c/`�e<gh`b�%i�jl`�e<gk�l_bjl_b|)h5qJsksk|Ygh`Gq8d�jljlw w(qU�@`bjre!w�c�c�e!qJe5e fbc�ghd6c/`ba´x�j�gæ`�e<|/�
hYfbgki�ffh�jl_bskaGd[c�| _bskeYgh`Gq¼fbjrskc-gh`me fbc3h5qJsks	g n�c�Abe d<_ba�c�aGqJ|yj�gk| # +5fbc�d<qrw�g4�´i/qJe}gyjb`b|!jJnº|^_biRfÙc/d<d[jld[|6qrd[c
e[�Wxbgki/qJsksk� `bjre!i�jb`b|<gka�c/d[c�a�h6fbc/`Ge fbc?d´jbjld!xbshqr`Ggk|-a´d}q�h6`��Yc�a���c�|�w�c/qr`�e!e<j¼nDjld<wÕq¼i�skjr|<c�aÌi�jl`�e<jl_�d
jJ{rc/d[shqrx jld-q�d[c8a�gk| 	[jrgh`�e/�=a�jbjld�qr`ba�h�gæ`ba�j�h9|<��w?>�jrsk|�a�jÑ`bjre2�´eÍx�d�jlx�c/d[sk�Ìgh`Ìe fbc�ghd-jbx�c/`bgh`b�r|/��qr`ba
e fbc/d[c-q�d[c3>�jre^f¼| _�x�c/d9d¸_bjb_b|-qr`ba@w�gk|<|<gh`b�¼�rc�jlw�c�e d�gyi!c/`�e<gke<gkc�| #

;!c�jbw�c�e d[�!e f�qPe=gy|=gh`�e<c/`ba�c�a¼e<j#f�qU{rc�e fbc�| q�w�c�|<c/w(qr`�e<gki5w�c/qr`bgh`b� �Nh5qJsksbc�a��rc�|/�PnÉjld�c�A�qrw(xbskc��=gk|=jJnDe<c/`
a´d<q�hY`G_b|<gh`b�@a�g 
	c/d[c/`�e�x�d[ghw�gke<gk{rc�|U�ºd�c�| _bske<gh`b�@gh`Gc/`�e<gke<gkc�|-jJn�a�g 
	c/d[c/`�e-e[��x�c�| # @´jbd6c�AWqrw×xbsycr�=q%d[jbjlw
h5gke fmnDjl_�d/h5qJsksk|-w(qU� > c(a´d<q�hY`GqJ|-q¼i�jrskskc�i�e<gkjl` jJn�|<gh`b�rskc¼skgæ`bc O�S]� ��S � QÅO ��jld!qJ|-q 	�Z���� � � � S ��jld6qJ|-q
	WZ � �e�bZ � �Åi�skjr|}c�a¼nÔqJi�c�� #

+5fbc/d[c×gy|�qJsk|<jNq¼shqJi��mjJn�|^_ � i�gkc/`re¬|<c/w(qr`�e<gki(�ld[jb_�xbgæ`b�mjJn���c�jlw�c�e d[gki(c�skc/w�c/`�e<| # @´jld6c�Abe d<_b|}gyjb`Ñqr`ba
c�a�gke<gh`b� x�_�d<x jr|<c�|/�6gke@gk|G_b|<c^nÔ_bs6nDjld¼qJsks!jJn�e^fbcNskgh`bcÌ|<c��lw�c/`�e<|%e f�qJe¼i�jlw(x�d�gy|}cÑe fbcx>�jl_�`ba´q�d[�2jJn�q
x�qrd[e}gyi/_bshqrd×| x�qJi�c �Ôd[jljbw%�=i�jld<d�gya�jbd��pc�e}i # � e<j�>�cm�ld[jl_�x c�aÎe<jr�rc�e^fbc/d�gh`re<jÌqG|<gh`b�rskc@i�skjr|<c�aßi�jl`�e<jl_�d	�

� "



@=gk�l_�d[c : �O@=syjbjld5xbshqr`*nÉjbd5tbjla´q�,YqJsksD� d´jljld = #

fbj�h�c�{rc/d���`bj8|^_biRfÙ�ld[jl_�xbgh`b�(e[��xbgyi/qPsysk�mc�Algk|<e<|6gh`%e fbc¬gh`�x�_be-d´jbjld5xbshqr`b| # &�|<gh`b�rskc(d[jbjlw9gk| 	<_b|<eYqÍ|<c�e
jJn �Dx�j�|<|<gt>bsk�%j {�c/d[shqrx�xbgh`b�*qr`ba��Pjld�a�gk| 	[jrgh`re ��|<c��lw�c/`�e<|Yqr`baGx�jrsk�bskgæ`bc�|U�EhYfbgkiRfÙgæ`Ùe _�d<`%w(qU�¼c�Ale}c/`ba@e<j
d[c/x�d[c�|}c/`re-h5qJsks	|}c��lw�c/`�e<|5jJnºqPa 	�qJi�c/`�eYd[jbjlw�| #

;!gk{rc/`¬e fbc�e[��xbgyi/qPsli�jl`ba�gke<gkjl`ÍjJnÏw�j�|<e
gh`�x�_beOd´jbjld=xbshqr`b|/�J|<jbw�c�i�jld<d[c�i�e<gkjl`�qr`ba(qr`�qPsy�b|<gk|=gk|pd[c�v�_bgæd�c�a(gh`
jld[a�c/dÏe<j5c�skghw�gh`�qJe<c�| _�x�c/d d¸_bjl_b|
c/`�e<gke<gkc�|/�Jc/`b| _�d�cpi�jld<d�c�i�e	e<jlx jrskjr�r�r�Jqr`ba!jH>be qJgh`¬w�c/qr`bgh`b�Jn�_bsl�ld�jl_�xbgh`b�r|
jJn=|<ghw(xbskc-�rc�jbw�c�e d[gki-c/`�e<gke<gkc�| #

�/�
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+5fbc/d´jbjld5xbshqr`b|�nÉjbd5tbjla´q�,YqJsks�h�c/d[c!i/d�c/qJe<c�a >��m&#`b| fbc/`mqr`ba%&6syskc/`��E&!d[i�fbgye}c�i�e<|/��gh`@t�q�`m@¸d<qr`b|}gy|}i�j´�
_b|<gh`b��e fbc-&!_be<jlo<&6zåx�d[jr�ld}qrwØqJ|�q0a´d<qUnDe<gh`b��qJgka�c # +�fbcYx�c/d[|}jl`b|pi/d[c/qPe<gh`b��e^fbc�|<cYxbshqr`b|�a�gka*`bjrep�b`bj�h
e fbc-xbshqr`b|/h�jl_bska >�c�_b|<c�a%|<jlwÍc!e<ghw�c-shqJe<c/d�nÉjld�c�Ale d}_b|<gkjl`¼jJnpq(�JzØw�jla�c�s #

&!_be<jlo<&6z | qU{rc�|6a´d<q�h5gh`b�r|!_b|<gh`b�@q8x�d�jlx�d[gkc�e qrd[�'>bgh`�qrd[�%�´skc¬nDjld<w(qJeU��hYfbgkiRf gy|-`bj�eY| _bgke q�>bsyc¬nDjld�jl_�d
x�_�d<x jr|<c�| # $ c�i�fbjr|<c�e<j¼i�jl`�{rc/d[e!e fbc2d´jbjld6xbsæq�`b|-e<j¼e fbc(��c/d<�Jc�skc�� � `bgt;-d}q���A%nDjld<w(qPe[>�c�i/qr_b|}c(gke!gy|
e<c�Abeyj >�qJ|<c�a	�b|<ghw(xbskcr�´q�`ba8i�jlw×x�qJe<gt>bskc)h5gke f8q¬shqrd[��c5skg >�d}qrd[�¼jJn
�ld<q�x�fbgyi�|�|<jPnÉeyh5qrd[c5_b|<c�a%>r�×jl_�d��ld[jl_�x #
+5fbc�x�d[jli�c�|}|YjJn=i�jl`�{rc/d[e<gh`b�×nÔd�jlw &!_be<jlo<&6zØe<j � `bgt;-d<q���A%gh`�{rjrsk{rc�|6c�AWx jld[e<gh`b�¼e fbc)d´jbjld5xbshqr`Ùn�d[jlw
&!_be<jlo<&6zØgh`re<j%q�z/Z[@ �´skcr�	qr`bame fbc/`%i�jb`r{rc/d�e<gh`b�(e fbc-z/Z/@OjDnÉjld}w(qJe��´skc�e}j � `bgt;¬d<q���A¼nDjld<w(qJe # $Ñc
i�fbjr|<c(e<j%c�A�x�jbd[e-e fbc�&#_be<jbo<&Yz9a´d<q�h5gh`b�r|!gh` z[Z/@ßnÉjbd<w(qJe!jJ{rc/d6jre^fbc/d!q/{JqJgkshqo>bskc¼nÉjld}w(qJe<|)>�c�i/qr_b|}c
jl_�d�skgt>�d<qrd��@jJn=e<jbjrsk|YqJshd[c/qJa��%gh`bi�sh_ba�c�a q(x�d[j��ld<qrw9e^f�qJe�i�jl`r{�c/d[e<|5z/Z[@OjDnDjld<w×qJe��´syc�|6gh`re}j � `bgt;-d<q���A
�h� "�� #
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+��Wxbgki/qJs�d´jljld�xbsæq�`b|!i�jl`re^qJgh`%w�jld[c!gh`�nDjld<w(qJe}gyjb`¼e f�qr`%gk|!d[c�v�_bgæd�c�a%nDjld�jl_�d5x�_�d}x�jr|<c�|U��| _bi�f@qJ|-h�gæd�gæ`b�
qr`ba�xbsæ_�w?>bgh`b�´��| x�c�i�ghqJs�gh`�e<c/d[gkjld>jH> 	[c�i�e<|
`bj�eºd[c�shqJe}c�a-e<j6c�Ale^d<_b|<gkjl`!|^_biRf�qJ|	|}gæ`���|pqr`ba2h�qPe<c/d³nDjl_�`re^qJgh`b|/�
qr`ba�{bgy|^_�qJsWqPgya�|>nDjld�e fbc�q�d[iRfbgke<c�i�e}|/�J| _bi�f�qP|a>�d[jbqJa�qrd�c/qJ|
jPn¸f�qJe<i�f-x�qJe<e}c/d<`!e f�qPe
gh`ba�gki/qJe<c5|^x�qJi�c5_b| qJ�rc #
@¸d�jlw h�gye^fbgæ`L&#_be<jbo<&Yz(�Xh�c�a�c�e<c/d<w�gh`bc�aÑc/qJi�fmshq/��c/d	
 |-x�_�d<x jr|<c�>r�me _�d<`bgh`b�@shqU�rc/d[|!jb`@qr`baÑj 
 qr`ba
jH>b|<c/d�{lgh`b�-e^fbcYd[c�| _bske<gh`b��iRf�q�`b�rc�|=e<j-e^fbc�a�gk| xbshqU� # +5fbc5shqU�rc/d[|pd[c�skc�{ q�`re�e<j-�Jzåw�jba�c�s��rc/`bc/d<qPe<gkjl`?h�c/d[c
`bjre<c�a¼nDjld;n�_be _�d[c!_b|<c # ~BA�qrw(xbskc�|6jJnºd[c�skc�{Jqr`re�sæqU�rc/d�|�gh`bi�sh_ba�c��<h5qJsks	�rc�jlwÍc�e d[��shq/��c/d[|/�ba�jljbd��rc�jlw�c�e^d[�
shqU�rc/d[|/��h�gæ`ba�j�hå��c�jlw�c�e d[�×sæqU�rc/d�|/�´qr`ba%shqU�rc/d[|5i�jb`re qPgæ`bgh`b�%d[jbjlw9shqo>�c�sk|6gka�c/`re<g nD�lgh`b�%c/qJi�f%|^x�qJi�c #

+5fbc¬c/`re<ghd[c�a´d<q�h5gh`b�¼gk|Ye fbc/`mc�A�x�jld�e<c�a@gh`mz[Z/@ÌnDjld<w(qJe�nÉjld�_b|<c�gæ`me fbc�`bc�Ale6|<e<c/xÙjJnpe fbc¬i�jl`r{�c/d[|<gkjl`
x�d[jbi�c�|<| #
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+5fbc Mr]^Mo�o�o��� �h� "	� x�d[jr�bd<qrw�qJi�i�c/xbe<|=z/Z[@OjDnDjld<w(qPe��´skc�|�qJ|
gh`�x�_be�qr`ba-i�jl`�{rc/d[e}|
a�c�|<ghd[c�a×sæqU�rc/d�|
gh`�e<j!e fbc
i�jld<d�c�| x�jl`ba�gh`b� � `bgt;-d}q���AojDnDjld<w×qJeY��c�jlw�c�e d[�m�´skc # (	qU�rc/d!`�qrw�c�|6gh`Gz/Z[@ße d<qr`b|<shqJe}c�e}j8i�jrskjld!`�q�w�c�|
gh` � `bgt;-d<q���A # +5fbc�w�jr|<e�i�jlw×w�jl`¼�rc�jlwÍc�e d[gki!c/`re}gye}gyc�|6e d<q�`b|<shqJe<c-qJ|�nDjrskskj�h5|��

z/Z/@ �/\ 89;3.<&/@^8PZ ~
AWqrw×xbsyc�_b|<c
(w8 \ ~ $2ghd[c $ qPsysD�Xh5gh`ba�j�hå|<gksksÉ��a�jbjld 	<qrw?>
6 � ( �)(�8 \ ~ $2ghd[c $ qPsys
�Pz)@�&Yo5~ @¸qPi�c .�jbjlw9shqo> c�sD��a�jljld
�!~^.O+5~
Z �=c/d[e<c�A \ ��&
+�~BZ)+ $2ghd[c�| .�jbjlw3`b_�w?>�c/d

&!`r�%d[c�shqJe<gk{rc¬i�jljld�a�gæ`�qPe<c�|5gh`%e fbc¬z[Z/@ �´syc�qrd[c!e d}qr`b|<shqJe<c�a%gh`�e<j8qo>b|<j�sæ_be}cr��h�jld[ska%i�jljbd[a�gh`�qJe<c�|6gæ`Ùe fbc
� `bg ;¬d<q���A?�´skc # tbgh`bi�c�`bjre�qJsks�jJn	e fbc6shq/��c/d[|pgh`¼e fbc5z/Z/@'�´skc-qrd[c!`bc�c�a�c�a	�le^fbc#_b|<c/d�i/d[c/qPe<c�|5q/�´skc!e f�qJe

� :



| x c�i�g��´c�|�e fbc�sæqU�rc/d=`�q�w�c�|pjJn	qJsks�c/`re}gye}gyc�|�nDjldOhYfbgki�f�i�jl`�{rc/d[|<gkjl`�gk|�a�c�|<ghd[c�a # ~p`�e<gke<gkc�|�`bj�e=gæ`¼qr`��-jJn�e fbc
| x c�i�g��´c�aÌshqU�rc/d[|-qrd[c�gk�l`bjld�c�a # +5fbc¬nÉjrskskj�h5gh`b�@shqU�rc/d[|!gh`Ge fbc(tbjba´qf,6qJskspxbshqr`b|�f�qU{rc�>�c�c/` i�jl`r{�c/d[e<c�a
nDjld�jl_�d5x�_�d}x�jr|<c�|��

(	qU�rc/d � c/qr`bgh`b�
���������	��
�� 8�`re<c/d�gyjbd-h5qJsksk|��Ågh`b|<gka�c�e fbc3>�_bgkska�gæ`b� �
���������	�
�	� ~
Ale<c/d�gyjbd<h5qJsksy| �Åjl_be}|<gka�c!e fbcb>�_bgkska�gh`b� �
�����������
�	� z!jbjld
��������������� z!jbjld 	<qrw?>
�������������	� $2gh`ba�j�h'|<gksks
��������������� $2gh`ba�j�h 	<qrw?>
���	�	�����
�	� .�ced´c�i�e}c�aNi�c�gkskgh`b�@xbshqr`%a�ghqJ�rjb`�qJsk|
��������������� tbe qPgæd�|
�����������
��� .�jbjlw9shqo> c�s
��c�jlw�c�e d[�
�����������
�	� .�jbjlw9gka�c/`�e<gke<gkc�|-qJ|<|<jbi�ghqJe<c�agh5gke f%d[jbjlw9shqo>�c�sk|

�P.�ced´c�i�e}c�aNi�c�gkskgh`b�Ñxbsæq�`b|)h5gksys^> c�a�gy|}i/_b|<|<c�aÑgh`m|<c�i�e<gkjl` i�# : �¸qr`bam|<e qJghd[|/h5gksks^>�c�a�gk|<i/_b|<|<c�a gæ`m|<c�i�e}gyjb`
��c # �

+5fbc�d[c�| _bske<gh`b� � `bgt;¬d<q���A%�´skc(w�_b|<e[> c-n�_�d[e fbc/d6x�d[jbi�c�|<|<c�a'>�c^nDjld[c�i�jld<d[c�i�e}gyjb`@qr`baGqr`�qJsk�l|}gy| # t�x�c�i�ghqJs
�´ske<c/d[|-qrd�c�_b|<c�aGe<j(c�skghw�gh`�qJe<c×gyskskc��lqJs�c/`re}gye[�@`�qrwÍc�| �ÁnDjld�c�AWq�w(xbskcr��e fbc�f��Wx�fbc/`b|!gh`Ge^fbc-shqU�rc/dY`�q�w�c�|
qrd[c!`bjreYqPsyskj�h�c�a%gh` � `bg ;¬d<q���A¼i�jrskjld�`�qrw�c�|/�³qr`ba@qrd[c!d[c/xbshqJi�c�afh�gye^f%_�`ba�c/d[|<i�jld[c�| ����e<j�i�jl`�{rc/d[e�n�qJi�c�|
gh`re}j�h5ghd[c�|U�5qr`baÎe<jÑ| _�> a�gk{lgka�c h5ghd[c�|8gh`�e<jÑ|<gh`b�rskcej�|<c��bw�c/`re%skgh`bc�| � � `bgt;-d<q���A�h�gæd�c�|Wh5gke f jl`bsk�Îjl`bc
c�a��rc�� # +5fbgk|5i�jb`r{rc/d�|<gkjl`8q�`ba8| _�> a�gk{lgk|<gkjl`Ùgy|5d[c�v�_bghd[c�af>�c�i/q�_b|<c6nÔqPi�c�|�qr`ba%w�_bsye}gæxbskcej�c�a��rc?h5ghd[c�|�ghw(xbsk�
q¼|<c/w(q�`re<gki8qP|<|<jbi�gæqPe<gkjl`'>�c�eyh�c�c/`Gc�a��rc�|-e^f�qJe[h5qJ|-`bj�e-`bc�i�c�|<| qrd[gksk�Ñgh`�e<c/`ba�c�a >��@e^fbc�i/d�c/qJe<jld6jJn�e fbc
jld[gk�rgh`�qJsX&#_be}jlo<&6z��´skc # @´jbd>c�AWqrw×xbsycr�be fbc�i�jl`�e<jl_�d�nDjld<wÍc�a >��(qJsks�jJn¸e^fbc-h5qJsksy|�gh`(q6�rgk{rc/`�j � i�cYw(qU�
f�qU{rcb> c�c/`Ga´d<q�hY`mqJ|#q×|<gh`b�rskc(�Jz)@�&Yo5~ � � `bg ;¬d<q���AÙnÔqJi�c����´jld6qJ|!q(|}gæ`b��sycm6 � ( ��(�8 \ ~ � � `bgt;-d<q���A
h5ghd[c����bjld�qJ|�q¬i�jlw?>bgh`�qJe<gkjl`×jJn	|<c�{rc/d}qJs�(�8 \ ~ � � `bg ;¬d<q���A?h5ghd[c/h5gke f×jl`bcY|}c��lw�c/`�e �pqr`ba%6 � ( �)(�8 \ ~
c/`�e<gke<gkc�| # tbgh`bi�cGe fbc%{lgk| _�qPsYd[c�| _bske(gh`Îe^fbc%e­��xbgki/qJs-&!_be<jlo<&6z h5ghd[cejDn�d<qrw�c%a�gk| xbshqU�ÎjJn#q�`r�ÌjJn!e fbc�|<c
i�jlw?>bgh`�qJe<gkjl`b|�gk|�gya�c/`�e<gki/qJsD��`bjN|^x�c�i�ghqJs5qJ|<|<jbi�ghqJe<gkjl` | fbjl_bskaS>�c%qJ|<|^_�w�c�a > c�eyh�c�c/` e fbc(|}c��lw�c/`�e<|-jJn
q%|}gæ`b��syc%c/`�e<gke[� �;e f�qJe-gk|/�;e fbc��¸`�qPs�i�jb`re<jb_�d!e f�qJe¬gk|-nDjld<wÍc�aGnÔd�jlw�qmi�jrskskc�i�e<gkjl`ÌjJn-h5ghd[c�|(|^fbjl_bska > c
`bj@a�g 
	c/d[c/`�e¬nÔd[jbwÕe fbc(i�jb`re<jb_�d6nDjld<w�c�a�>��Ñq¼n�qJi�c¼jld!q%|<gh`b�rskc%i�skjr|<c�a h5ghd[c # tbjÑqJsks�h�qPsys��rc�jlw�c�e^d[�
gk|%a�c�i�jlw(x jr|<c�aågh`�e<jÎe fbcÑw�jr|<e%qJe<jbw�gki@c�skc/w�c/`�e/�6e fbcG|<gh`b�rskcÑc�a��rc # +5fbcÑd[c�|^_bsye}gæ`b�2fbjlw�jr��c/`bc�jl_b|
i�jrskskc�i�e<gkjl`¼jJn�c�a��rc�|�gy|�_b|<c�a¼sæqPe<c/d^>��(q6i�jl`re}jl_�d9jDnDjld<w�gh`b�-e}jljrs�e^f�qJeBh5qJsh�r|�qJskjl`b�-i�jl`�`bc�i�e}c�a8c�a��rc�|�qr`ba
nDjld<w�|5q�i�skjr|<c�ami�jl`�e<jl_�d�nDjld�c/qJi�f%| x�qJi�c #
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&6|�e^fbc8shqJ|<e�|<e}c/xÑgh`Îx�d[c/x�qrd�gæ`b�Ñq d´jbjld-xbshqr` nDjld¬e fbc¼i�jld<d[c�i�e<gkjl`Ìx�f�qJ|<cr�;e fbc8|}c/w(qr`�e<gki*w�c/q�`bgæ`b�GjJn
e fbc6gh`ba�gy{bgka´_�qJs=shqU�rc/d[|5w�_b|<e->�c!| x c�i�g��´c�a # +�fbcYi�jld}d[c�i�e<gkjl`%qr`ba¼|<c/w(qr`�e<gki-qr`�qJsk�b|<gk|5e<jbjrsk|5d[c�sk�*_�x jl`%q
�b`bj�h�syc�a���c!jJn
e fbc!|<c/w×qr`re}gyi!w�c/qr`bgh`b�¼jJn
c/qJi�f×sæqU�rc/d�jJn=�rc�jlwÍc�e d[��gh`%e fbcV�´skc # ~�qJiRf×shqU�rc/d�gy|6�ld[jb_�x�c�a
qJ|�| _biRfm>�c�i/q�_b|<c!e fbc5c/`�e<gke<gkc�|5gh`(c/qPiRf×shq/��c/dpqrd[c6jJn
q!e[��x�c6e f�qJe�i�jl`�nÉjbd<w�|=e<j�q-i�c/d�e qJgh`W> c/f�qU{lgkjld # @´jld
c�A�qrw(xbskcr�Bh5qJskspc�a��rc�| �Ågh` e fbc¼sæqU�rc/d�|3& \ j]$ (Xj 8 \ jld & \ j]$ (Xj­~BZ �¬| fbjl_bskaS>�c%_b|<c�aÎe<jÙnÉjbd<w�d[jbjlw

� =



i�jl`�e<jl_�d[|U��hYfbc/d�c/qJ|!c�a��rc�|!gh`me fbc(d[jljbw3shqo> c�s=sæqU�rc/d �Éz \ j . � j \ � �!qrd[c¬|<�Ww?> jrskgyi¼qr`baGc�Algk|<e!jl`bsk�m|<j
e f�qJe�e fbc¬gka�c/`re<gke[�¼jJnºe^fbc!| _�d<d[jl_�`ba�gh`b�%d[jbjlw gy|!�b`bj�h6` # & �´skc¬gy|�i/d[c/qJe<c�af>��8e^fbc�_b|<c/d�e^f�qJe�| x�c�i�g4�´c�|
e fbc!|<c/w×qr`re}gyi�w�c/qr`bgh`b�(jJn=c/qJi�f%shqU�rc/d	�
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+5fbgk|O�´skc5gk|pd[c^nDc/d<d[c�a�e<j)>r�¬e fbcp| _�>b|}c�vW_bc/`�epi�jld}d[c�i�e<gkjl`�qr`ba�q�`�qJsk�l|<gk|�e<jlj�sy| # 8�`Ígye}|=i/_�d<d[c/`�e	nDjld<w%�J� � ;
d[c�v�_bghd[c�|-c�A�qJi�e<sk�Ge fbc�|<c(|}g AG|<c/x�q�d<qJe<c¬|<c/w(qr`�e<gki(�ld[jb_�xbgæ`b��| # tbgh`bi�cWh�c?h5qr`re!� � ;9e<jf>�c×c�Ale<c/`b|}g >bskc
nDjld!_b|<cW> c��rjl`baÑe fbc¼tbjla´qg,YqJsks�xbsæq�`b|/�	gke-gk|�ghw(x�jbd[e qr`�e!e<j@`bjre<c�e f�qPe-`bjre�qJsksOd´jbjld-xbshqr`b|2h5gksks�f�qU{rc
c�A�qJi�e<sk�%e fbc-|^qrw�c-shqU�rc/d6`�qrw�c�|!qr`ba@�bd[jl_�xbgh`b�r|6jJnp�rc�jlw�c�e^d[� # � npi�jl_�d[|<cr�³e fbc?>�d<_be<cejDnDjld[i�c-jbxbe<gkjl`%jJn
x�d[jlx c/d[sk�Ñshqo>�c�skgh`b�Îqr`ba �bd[jl_�xbgh`b�gd´jljld¬xbshqr`Ì�rc�jlw�c�e^d[�%n�d[jlw h5gke fbgh`Ìe fbc8a´d}qUnÉe}gæ`b�Gx�d[jr�ld}qrw h�jl_bska
|<jrsk{rcGe fbgk|@x�d[j�>bsyc/wÙ�[>�_be%e fbgk|%jlxbe<gkjl`ßw(qU�S>�cÑ_�`ba�c�|<ghd<qo>bsk�åshqo> jld9j�gh`�e<c/`b|<gk{rcr�6c�| x�c�i�ghqJsksk�2nDjld×sæq�d[�rc
>�_bgkska�gæ`b��| # t�fbjl_bska%gke[>�c!a�c�|<ghd[c�a%e}jÍ_b|}c-d´jbjld�xbshqr`b|5e f�qJe�a�j(`bjre�i�jl`re^qJgh`8qJsks�jJn
e^fbc�|<cY|}g A¼�ld[jb_�xbgæ`b��|/�
qJa�a�gke<gkjl`�qJsOd´jbjld6xbshqr`Gx�d[jli�c�|}|<gh`b�fh�jl_bskax>�c(d[c�v�_bgæd�c�a # 8De6gk|-d[c/qJ|<jl`�q�>bsyc�e<j%d[c�v�_bghd[c(qo>b|<jrsh_be<c�sk�Ge f�qJe
h5qJsks
|}c��lw�c/`�e<|�> c��ld[jl_�x c�a@gh`re}j@q(shqU�rc/d���qr`ba@e^fbgy|!gk|!e[��xbgyi/qPsysk�Ga�jl`bc0nÉjld6qJsks>i�jlw(x�_be<c/d9j�a´d}q�h6`md´jbjld
xbshqr`b| �h� i	�y# +	jG|<jbd[e-e fbc%d[c/w(qPgæ`bgh`b�Ñ��c�jlw�c�e d[�Ggh`�e<jGe fbc��´{�c8jre^fbc/d-|}c/w(qr`�e<gki8�ld�jl_�xb| � ��Z/ZrT! 3�rZ/Z�T �
\�M��#"$ � � � �rZ �  � � � �rZ � � \RM��#"% YT[Z/Z�� � �kM�"}S � ����q%x�d[c/x�d[jbi�c�|<|<gh`b�G|<�b|<e<c/w h�jl_bska�>�c(ghw(xbskc/w�c/`�e<c�aÌe f�qJe
gh`re}c�syskgk�rc/`�e<sk�Gc�AWqrwÍgæ`bc�|6c/qJi�f¼�rc�jlw�c�e^d[gki-c/`�e<gke­�%qr`baGqJe<e<c/w(xbe}|�e}j(i�shqJ|<|<g nD�%gye�gæ`�e<j¼jl`bc!jJn=e fbc-�bd[jl_�xb| #
@´jbd=c�A�qrw(xbskcr� �rZ/ZrT ��\�M��#" ��c�jlw�c�e d[��i�jl_bska%>�c6nDjl_�`baW>��(|<c/qrd�iRfbgh`b�¬nÉjbdpw(qJe}iRfbgh`b�(x�qJghd[|�jJn�h5qJsks�j]h�gya�e^f
c�a��rc�|�e f�qJe(qrd�c8a�jbjld9j]h5gka�e fÎq�x�qrd[e # +5fbc/d[c^nDjld[cr�>e fbc@qJa�a�gke<gkjl`�qPs���c/`bc/d<qJskgke­�Ìe<jÑqJi�i�jlw×w�jla´qPe<c?d´jbjld
xbshqr` |<c�e<|¬nÔd�jlw jre fbc/d�x�d[j 	­c�i�e<|U�	a�jl`bc¼gh` qma�g 
	c/d[c/`re¬|<e[�lskc¼e f�qJe¬a�jlc�|(`bjre¬c�AWqJi�e}sy� i�jl`�nÉjbd<wÕe<jme fbc
qo> j {�c5|<g�A�|<c/w(qr`�e<gki5�ld[jb_�xbgæ`b��|/�bi/qr`�>�c6c�A�x�c�i�e<c�a¼e<j-d[c�v�_bghd[c#q0| w(qJsksD�lx�d�j�	[c�i�eyj�| x�c�i�g4�´i-x�d[c/x�d�jli�c�|<|}gæ`b�
|<�b|<e<c/w #

& �G� �%�!" �6�!� :��6"x�å�Y���	��:=
>� �!� �6.��Ì" �-�6�9?2" �6���

� | _�qJsksk�r�pq%{rc/d��@| w(qPsys�a�g 
Ïc/d�c/`bi�cf>�c�eyh�c�c/`Ge fbc(c/`ba´x jrgh`re<|�jJn5eyh�j%c�a��rc�|-gh`Ìq%i�jl`�e<jl_�d6gk|(qr`Gc/d}d[jld	�
e[�Wxbgki/qJsksk�r�oh6f�qJeFh5qJ|�gæ`�e<c/`ba�c�aW>��!e fbc�a´d<qUnDe<| x c/d[|<jl` h5qJ|	eyh�j5c�a��rc�|=e f�qJe�gæ`�e<c/d[|}c�i�epqJe	e fbc�ghd>c/`ba´x�j�gæ`�e<| #
+5fbgk|>c/d<d[jld�jbi�i/_�d[|�nÔd�c�vW_bc/`�e<sk�3hYfbc/`¬d[jbjlw2i�jl`�e<jl_�d[|>qrd[c=a´d<q�hY`¬qJ|
q�i�jrskskc�i�e<gkjl`�jPnW|<gh`b�rskc�skgh`bc�|}c��lw�c/`�e<|
�Åc/qJi�f%jPn hYfbgki�f@i/q�` > c�gæ`ba�c/x c/`ba�c/`re}sy�Îx�j�|<gke<gkjl`bc�axh5gke fme fbc(x�j�e<c/`re}gæqPs	nDjld�c/d<d[jld ��d<qJe fbc/d6e f�q�`@qJ|!q
|<gh`b�rskc(i�skjr|<c�aÑx jrsk�l�rjb`fh6fbc/d[c�gh`@eyh�j(i�jl`b|}c�i/_be<gk{rc�c�a��rc�|-qrd[c¬�l_�qrd<qr`�e<c�c�ame<j(| f�qrd�c-e fbc�| qrwÍc-{rc/d[e}c�A #
+5fbgk|=e[�Wx cpjJn´c/d}d[jld>w(qr`bg nÉc�|}e<|=gke<|<c�s n¸gh`¬eyh�jVh�qU�b|����lqrxb|B>�c�eyh�c�c/`¬c�a��rc�|/�rqr`ba¬jJ{rc/d[shqrx�xbgh`b�!c�a��rc�| # t�_bi�f
c/d<d[jbd[|Y`bc�c�aGe<jW> c-i�jld<d�c�i�e<c�a@gh`%jbd[a�c/d5e}j8x�c/d<wÍgye6e fbc0nÉjld}w(qJe<gkjl`¼jJnpi�skjr|}c�a@i�jl`�e<jl_�d[|�e f�qJe5i�jl`b|}gy|}eYjJn
i�jl`�e<gk�l_bjl_b|>c�a��rc�| # o�skjr|<c�a�i�jl`�e<jl_�d[|
q�d[cpd[c�v�_bgæd�c�a-nDjld�c�Abe d<_b|}gyjb`-x�_�d<x jr|<c�|/�J|<gh`bi�c�c�Abe d<_ba�gh`b�#q�i�jl`�e<jl_�d
e f�qJe�gk|8`bjre×i�syj�|<c�a�h5gksks#d[c�|^_bsye×gæ`Ìgh`bi�jld}d[c�i�e(i�jl`�`bc�i�e<gk{bgke­�S> c�eyh�c�c/`Îx jrsk�l��jl`b|(gh`Îe fbc@d�c�| _bske<gh`b� �Jz
w�jba�c�s # +5fbc/d�c^nÉjld�cr�l|}c�{rc/d<qJs	qJsk�rjld�gye^f�w�|Yqrd[c!qrx�xbskgkc�aGe f�qJe�i�jld<d[c�i�e��lqrxb|5qr`ba%ghw(x�d[jlx c/d5gh`�e<c/d[|<c�i�e}gyjb`b| #
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+5fbc2�¸d[|<e-q�`ba w�jr|<e6c � i�gkc/`�e�qJsk�rjld�gye^f�wÕ_b|<c�aÑe<j���AG�lqrxb|!qr`baÑghw(x�d[jlx c/d!gh`�e<c/d[|<c�i�e<gkjl`b|¬| `�qrxb|!c/qJi�f
jJnpe fbc¬{rc/d[e<gki�c�|!e<j¼q(�ld�gyaGjJnp|^x�c�i�g4�´i8d[c�|<j�sæ_be}gyjb` # $Ñc�i�jl_bskaÑw�c/d[�rc�qJsks
{�c/d[e<gki�c�|)h5gke fbgh`Gq8w(q Alghw�_�w
a�gk|<e qr`bi�c¼jJn�jl`bc8qr`bjre^fbc/d��F>�_be�q¼|<ghw(xbskc%{rc/d[e<c�AGw�c/d[�rc(gk|¬gæ`�q�x�x�d[jlx�d[ghqJe<c×nDjld6e fbgk|�x�_�d<x jr|<c%>�c�i/qr_b|}c
| _bi�f@qr`%qPsy��jld[gke f�w w�gk�lfre�iRfbjbjr|<c�q�>�qJaNx jr|<gke<gkjl`ÙnDjld�e fbc/�¸`�qJs>{rc/d[e}c�A # +�fbgy|!i/q�`¼a�gy|^d<_�xbe!e fbc-q�AbghqJs
qJskgk�l`�w�c/`�eYjPnºe fbc)h5qJsksk| �N@=gk�l_�d[c = >�� #

c) After coercion to grida) Original set of segments b) Possible after vmerge

@=gk�l_�d[c = �O&Ya�{Jqr`�e qJ�rc!jJn=i�jbc/d[i�gh`b�8e<j×�ld[gka%{l| # {rc/d[e<c�A%w�c/d[��gæ`b� #

t�_�x�x�j�|<c�e fbc-gh`�`bc/d<w�j�|<e[h5qJsksk|6jJn;q¼d[j�håjJn=gh`re}c/d[gkjld5j � i�c-| x�qPi�c�|#qrd�c-qJsks
e<jm>�c(xbshqJi�c�a " c¬nDc�c�e5n�d[jlw
e fbc¼jl_be<|<gka�c¼jJn5e fbcW>�_bgkska�gh`b� # 8Én�|}jlw�c¼{rc/d[e<gki�c�|�q�d[c(gh`Ìc/d<d[jld¬qr`baÑ|<e^d<qU�@n�d[jlw e^fbgy|(q�Abgk|/�Oh�cWh�jl_bska
i�c/d[e qPgæ`bsk��h5qr`�e-e fbj�|<c8c/d}d[jl`bc�jl_b|({�c/d[e<gki�c�|(e<j'>�cNwÍj {�c�a�hYfbc/`Ìi�jbd<d[c�i�e<gkjl` e qr�Jc�|(xbshqJi�cr��gh`b|<e<c/qJaÎjJn
w�jJ{bgæ`b��e fbc6i�jld<d�c�i�ep{rc/d[e}c�A�nÔd�jlwØe fbc6jre fbc/d;c�a��rc!c/`ba´x�j�gæ`�e5e<j¬e fbc6gæ`bi�jbd<d[c�i�e�skjli/qJe}gyjb`��´qJ|pe^fbcY|<ghw(xbskc
{rc/d[e}c�A*w�c/d��rc-w�gk�lf�e5a�j #

+5fbc6|<jrsh_be<gkjl`×e<j!e fbgk|5x�d[jH>bskc/w gk|�e}j-a�c�i�gka�c!jl`(q¬_�`bg�nDjld<w �ld[gkamh5gke f8q0| x�c�i�g4�´i!| x�qPi�gæ`b��> c�e h�c�c/`×�ld[gka
x�j�gæ`�e<| # 8De!gk|!skgh�Jc�sk�Ne^f�qJe5e fbc¬jld[gk�rgh`�qJs=a´d<q�h5gh`b�mh�qP|YqJsk|<j%a´d<q�hY`¼jl`Gqr`Ùgh`re<c���c/d5�ld�gya # +5fbc�`bc�hØ�ld[gka
gk|!gh`re<c�skskgk�rc/`�e<sk� xbshqJi�c�aG| _bi�fme f�qJeYwÍjr|<e5{rc/d�e<gki�c�|#qrd�c�qJshd[c/qJa��%jb`%e fbc¬�ld[gka # ~�qJiRfÙ{rc/d[e<c�A¼gk|!| `�qrx�x c�a
e<j(e^fbc!i�syj�|<c�|<e5�ld�gyaGx�jrgh`�e #

� � ;�x�d[jba´_bi�c�|@qG�rjbjlaÎ{JqJsh_bcmnÉjldÍ�ld[gkaÖ| x�qPi�gæ`b�Öq�_be<jlw(qJe}gyi/qPsysk� # @�d[c�vW_bc/`�e<sk��j�jli�i/_�d<d�gæ`b�Öx jrgh`re�j�e<j�j
x�j�gæ`�e(a�gk|<e q�`bi�c�|�> c�e h�c�c/`Ì{rc/d�e<gki�c�|8qrd[c%d[c�i�jld[a�c�a # +5fbc%|^w(qJskskc�|<e�nDc�h3jJnYe fbc�|}c%i�jlw(w�jl` a�gk|<e qr`bi�c�|
gk|�gæ`ba�gki/qJe}gy{�c@jJnYe^fbc*_�`bgke(jJnYd[c�|}jrsh_be<gkjl`Ìe fbc�d´jljld�xbshqr`Ìi/d[c/qPe<jld!gh`�e<c/`ba�c�a # +5fbc¼�ld[c/qJe}c�|<e-i�jlw×w�jl`
a�c/`bjlw�gh`�qJe}jld	jPnWe fbc�|}cpa�gk|<e qr`bi�c�|=gk|=_b|<c�a(qJ|	e fbc��ld[gka-|^x�qJi�gh`b� # @´jld�c�A�qrw(xbskcr��g�n´e^fbcpeyh�j�wÍjr|<e	i�jlw×w�jl`
a�gk|<e qr`bi�c�|)>�c�eyh�c�c/`¼{rc/d[e}gyi�c�|!qrd[c(� #�" = gh` # qr`bafc # = c¬gh` # ��e fbc-d[c�|^_bsye}gæ`b�%�bd[gka%| x�qJi�gh`b�8gk|)c #�" = gh` #

;!gk{rc/` e fbcG�ld[gkaÖ|^x�qJi�gh`b�´�5gke¼gy|¼e d[gk{bghqJsYe}j | `�q�xÎ{rc/d[e}gyi�c�|¼e<jÌe f�qJe(�bd[gka # ���Öqrx�xbsk�lgh`b�Îe fbcmi�jlc/d�i�cej
e<j�j��bd[gka qJsk�rjld[gke f�wÙ�ºwÍjr|<e!| w(qPsys �Åskc�|<|�e f�qr`Ñf�qPs�n6e fbc(�ld[gkaÌ|<g ��c��¬�lqrxb|�q�`baÑjJ{rc/d[shqrxb|�q�d[c?��Abc�a # +5fbc
c�
	c�i�e<gk{rc/`bc�|<|¬jJn5e fbgk|�qrx�x�d[jbqJiRfmgk|-c�{bgka�c/`re?hYfbc/` gye¬gk|�qrx�xbskgkc�aÎe<j%e fbc8tbjba´q%,6qJsksBd´jbjld-xbshqr`b| # +5fbc
qJsk�rjld�gye^f�w3x�d[jba´_bi�c�|Yq¬�ld[gka%hYfbgkiRfmd[jl_b�lfbsk�¼eyh�j j�e fbghd[a�|�jJn
e fbc6{rc/d[e<gki�c�|YqPsæd�c/qJa��8skgkc�_�x jl`��´qr`ba%|^`�qrxb|
e fbc!jre^fbc/d�e fbghd[a@jPnºe fbc!{�c/d[e<gki�c�| #

@=gk�l_�d[c8�Ùgksysh_b|<e^d<qJe<c�|(e^f�qJe!e fbc8w(q Alghw�_�w�x jr|<|<gt>bskc%a�gk|<e qr`bi�c%>�c�eyh�c�c/` q�`r�G{rc/d[e}c�A q�`baÑe fbc8`bc/qrd�c�|<e
�ld[gkaÑx�j�gæ`�e6gy|!c�v�_�qJs�� "����	�o" ��hYfbc/d�c O gk|!e fbc¬�ld[gkaG| x�qJi�gh`b� # @=gk�l_�d[c i gk|-q¼fbgy|}e<jr�ld<q�w3| fbj�h5gh`b�¼e fbc

� i



a�gk|<e d[gt>�_be<gkjl`mjJnp{�c/d[e<c�A¼a�c�{lghqJe<gkjl`Ùn�d[jlw9e^fbc3c #�" = j�gh`bi�f%�ld�gyaÙnÉjbd�e fbc��Pe f�d´jljbd��´tbjba´qW,6qJsks�d´jbjld6xbshqr` #
8�`mqJsksD�
� " � = jJn=e fbc-e}jre qJs=� io" = {�c/d[e<gki�c�|#qPsæd�c/qJa��%i�jrgh`bi�gka�cbh�gye^f@q��ld�gyaGx�jrgh`�e/��qr`baNqJsks	j�e fbc/d5{�c/d[e<gki�c�|
qrd[c<h5gke fbgh` " =�� jJn¸e^fbc�w×q�Alghw�_�w�a�c�{bgæqPe<gkjl`8x jr|<|<gt>bskcr�b| _b�r�rc�|}e<gh`b�!e f�qJe=e fbc5qr_be<jbw(qJe<gki/qJsksk�oj­x�d�jla´_bi�c�a
�ld[gkagh�qP|�v�_bgke<c�q�x�x�d[jlx�d[ghqJe<c #

Grid spacing (s)

s/2
s/22

@=gk�l_�d[c-� � � q�Alghw�_�w9{rc/d�e<c�A(a�c�{bgæqPe<gkjl`ÙnÔd[jbw �bd[gka #

Deviation d from grid (% of maximum possible devation)

0<d<=5 5<d<=10 10<d<=15 15<d<=20 20<d<=25 25<d

N
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0

@=gk�l_�d[c i ��,5gk|<e<j��ld<qrw | fbj�h5gh`b�({rc/d�e<c�A8a�c�{bghqJe<gkjl`*nÔd[jbw9�rc/`bc/d<qJe}c�a%�ld[gka #
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;-q�xb|
e f�qPe
qrd[c�sæq�d[�rc/d�e f�qr`-f�qPs�n´e^fbcp�ld[gka�| x�qJi�gh`b�-qrd�cp`bjre
i�jbd<d[c�i�e<c�a?>r�!e fbc�i�jbc/d[i�cej�e<j�j��bd[gka�qJsk�rjld�gye^f�w #
+��Wxbgki/qJsksk�r��| _bi�fÑ�bqrxb| �N@=gk�l_�d[c ` q@qr`ba�@=gk�l_�d�c ` >���qrd�gy|}cWhYfbc/`Ìe^fbc�d´jbjld�xbshqr`Ìi/d[c/qJe<jbd!a´d<q�h5|¬sygh`bc
|<c��lwÍc/`re<|¼e f�qJe@q�d[c@|<skgk�lf�e<sk�2e<jljÎ|^fbjld[e/��i/qr_b|}gæ`b�2qÑ�bqrxßgæ` e fbcGi�jl`re}jl_�d # +5fbcGgh`re<c/`ba�c�a�i�jl`�e<jl_�d
�N@=gk�l_�d[c ` i��5w�_b|<e->�c�x�d�jla´_bi�c�ax>��*qrx�xbsk�bgh`b�*q��bqrx�j�i�skjr|<gh`b�*qPsy��jld[gke f�w�e<j�e fbc!a�gk| 	­j�gæ`�e6c�a��rc�| #

 (c) (a) (b)

@=gy�b_�d[c ` �^+���xbgyi/qPs	i�jl`�e<jl_�d��lqrxb|��Ôq���>���qr`ba@i�jbd<d[c�i�e5i�jl`�e<jl_�d �Åi�� #

&În�qJghd[sk�-��c/`bc/d<qJs�qrx�x�d[jlqJi�f!i/q�`3>�c6_b|<c�a�e<j-��A-wÍjr|<e>| _biRf¬�lq�xb| # �=c/d[e}gyi�c�|=e^f�qJeºq�d[c�d[c^nDc/d[c/`bi�c�aW>��!jl`bsk�
jl`bc�c�a��rcYq�d[c->r�¬a�ce�¸`bgye}gyjb`(gh`ba�gki/qJe<gk{rc6jJn¸a�gk| 	[jrgh`�epc�a��rc�|���e fbc/d[c^nDjld[cr�bx�qJghd[|=jJn¸i�skjr|}c5{rc/d[e<gki�c�|=e f�qPepw�c�c�e
e fbgk|!i�jl`ba�gke<gkjl`Ìqrd[c¬syjbi/qJe<c�a # 8Ån�e fbc�c�a��rc�|!e f�qJe!d[c^nDc/d[c/`bi�c(e fbc�|}c�{�c/d[e<gki�c�|-qrd[c(x�qrd<qPsyskc�spqr`baGi�jrskskgh`bc/qrd
�N@=gk�l_�d[c��rq����be fbc��@q�d[c!|<ghw(xbsk�@i�jl`�`bc�i�e}c�a � @=gy�b_�d[c-�o>�� # 8Ån�x�qrd}qJsksyc�sB>�_be!`bjre5i�jrskskgh`bc/qrd �N@=gk�l_�d[c��Jir� c����
e fbc��%qrd[c!i�jl`�`bc�i�e}c�aNx�c/d}x�c/`ba�gki/_bshqrd[sk� �N@=gk�l_�d[c-�Ja	� n � # 8Énpe fbc!eyh�j¬c�a��rc�|Yqrd�c-x�c/d<x c/`ba�gyi/_bsÅqrd6jld�`bc/qrd[sk�
x�c/d}x�c/`ba�gki/_bshqrd�� � @=gy�b_�d[c��J� ����� � ; i�jlw(x�_be}c�|5e fbc-gh`�e<c/d[|<c�i�e}gyjb`@jPnºe fbc¬skgæ`bc�|!e^f�qJeYx�qJ|<|6e f�d[jb_b�lf¼e fbc
eyh�jYc�a��rc�|�qr`ba8w�jJ{rc�|>e fbc5eyh�j6c�a��rc5c/`ba´x�j�gæ`�e<|�e<j!e fbcYx jrgh`re�jJn¸gh`�e<c/d[|<c�i�e<gkjl` �N@=gk�l_�d[cY�rf�� # � e fbc/dyh�gy|}c
�N@=gk�l_�d[c¼�Jg ���
� � ;9gh`re}c/d[|<c�i�e<|¬e fbc(skgh`bc*x�qJ|}|<gh`b�@e f�d[jb_b�lfmjl`bc(c�a��rc�h�gye^fGe fbc8x c/d<x�c/`ba�gki/_bs¤qrdÍe<j%e fbc
jre fbc/d�c�a��rcr�´qr`ba%e fbc/`Ùeyh�j�c�a��rc�|6qrd[c!i/d[c/qJe}c�a%e<j(i�skjr|<c¬e fbc!�lqrx �N@=gk�l_�d�c-� 	 � #

+5fbgk|%qrx�x�d[jlqJi�fÎa�jbc�|%`bjre(i�jld<d�c�i�e*qJsks5�bqrxb|���nDjld�c�A�qrw(xbskcr��gye¼gk|*x jr|<|<gt>bskcGnDjld�jl`bcmc�a��rc@e}j f�qU{rc@q
{rc/d[e}c�Af>�c�skjl`b�rgh`b�@jb`bsy�%e}j8e f�qPe5c�a��rcr�Eh5gke fbjl_be!qr`bjre^fbc/d5c�Abgk|<e<gh`b�@`bc/qrd >��%{rc/d[e<c�A%e^f�qJeYf�qJ|6e fbc-|^qrw�c
i�jl`ba�gke<gkjl` # @=gk�l_�d�cÑ��crqm| fbj�h5|(qr`Ìc�A�qrw(xbskc@|<gke _�qPe<gkjl` hYfbc/d[c%gke(gk|%_�`bi�syc/q�d(e<j'hYfbgki�fÖ`bc�gk�lf�>�jld�gæ`b�
{rc/d[e}c�AÑe fbc%fbgy�bfbsygk�lf�e<c�aß{rc/d[e<c�AÑ|^fbjl_bska >�c%i�jb`�`bc�i�e<c�a �Dd[c�i/qJsks �%qJe-e^fbgy|×|<e qJ�rcr�>e fbc/d�c@qrd[c%`bjNi�skjr|}c�a
i�jl`�e<jl_�d[|U��e fbcgd´jljld%xbshqr` gy| 	<_b|<e@q shqrd[�rcGi�jrskskc�i�e<gkjl` jJn-c�a��rc�| � # @´jld×| _bi�f2i/qJ|<c�|/�6qr`ßgh`re<c/d}qJi�e<gk{rc
w�c�e fbjba¼gy|5x�d[jJ{bgka�c�a¼nÉjld;e fbcY_b|<c/d�e<j¬| x�c�i�g nD�*fbj�hße<j-i�skjr|<c!c/qPiRf×�lqrx # +5fbcY_b|}c/dpgk|YqPsyskj�h�c�a8e}j-| x c�i�g�nD�
hYf�qJe6eyh�j8c/`ba´x jrgh`re<|�qrd[c¬jl`mjlx�x�jr|}gye}c�|}gya�c�|¬jJnpe fbc��lqrx���e^fbc/`@e^fbc���c/`bc/d<qJspw�c�e fbjbamnÉjbd5i�jl`�`bc�i�e}gæ`b�
e fbc!eyh�j�c/`ba´x�jrgh`�e<|Ygk|!qrx�xbskgkc�a	�	d[c�| _bske<gh`b�8gh`Ùe fbc!a�c�|<ghd[c�aG|<jrsh_be<gkjl`��N@=gk�l_�d[c(��co>�� #
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~=a���c�|=e f�qJe	jJ{rc/d[shqrx �N@=gk�l_�d�cY�r�/q ���/gh`b|<e}c/qJa�jJn´| f�qrd[gh`b�!c/`ba´x jrgh`re<|U�lqrd[c�c�v�_�qJsksk�ÍqP|
i�jlw×w�jl`-qP|
a�gk| 	[jrgh`re
c�a��rc�| # +5fbc(gh`bi�jld<d�c�i�e-i�jl`�`bc�i�e<gk{bgke­� jJn�e fbc�|}c(c�a��rc�|�w×qr�Jc�|!gke-ghw(x jr|<|<gt>bskc%e<j¼nDjld<w i�skjr|<c�aÌi�jl`�e<jl_�d[|
i�jl`�e qJgh`bgh`b�%e fbc/w # +5fbc�c�a��rc�|!w�_b|<e�> c8w(qJa�c¬e<j¼| f�qrd[c¬c/`ba´x�jrgh`�e<|/�	|^_biRfme f�qJe!qrx�x�d[jbx�d[ghqJe<c-i�jb`�`bc�iej
e<gk{bgye[� h5gksksYc�Abgk|<e*q�`baÖqGi�skjr|<c�aÖi�jb`re<jb_�d-i/q�`�>�c%nDjld<wÍc�a # +�fbgy|¼gk|8qJi�i�jlw×xbsygk| fbc�a >�� i/_be}e<gh`b� c/qJi�f
c�a��rc¬gæ`Gqr`¼gh`�e<c/d[|<c�i�e}gæ`b�%c�a���c�x�qJghd�gæ`�e<j¼eyh�j�a�gk|<e<gh`bi�e!c�a��rc�| �N@=gk�l_�d[c¼�r��>�� # +5fbc¬i/_beYgk|!w(qJa�c�qPe5e fbc
gh`re}c/d[|<c�i�e<gkjl`Ñx jrgh`re!jPn�e fbc�eyh�j(jld[gk�rgh`�qJs=c�a��rc�| # �=c/d[�G| w(qJsks>|<c��lw�c/`�e<|-x�d[jba´_bi�c�a qJ|!q%d[c�| _bske!jJn�e fbgk|

�/�



(a)

(e) (f)

(g)

(j)

(b)

(c) (d)

(h)

(i)

@=gy�b_�d[c�� �=o�jbd<d[c�i�e<gkjl`¼jJn=a�gk| 	[jrgh`re6c�a��rc�| #

jlx c/d<qJe<gkjl`mqrd[c�qP|<| _�w�c�ame<j�> c�a�gy|^x�jr| q�>bsyc×g�npe^fbc��%a�j@`bjre5| f�qrd�cb>�j�e fmc/`ba´x�jrgh`�e<|)h5gke f%j�e fbc/d5c�a���c�|/�
qr`ba%e fbc/d�c^nÉjld�c-qrd[c!a�gk|<i/qrd[a�c�a �N@=gk�l_�d�c(�r��i�� #

� �-�����#�Y
>� :973���6"������ ���Y. �Ì" �¬�Y� ?2" �6���

tbc/w(qr`�e<gki-qr`�qJsk�b|<gk|YjPn
e fbc/d´jbjld�xbsæq�`b|5jli�i/_�d�|5gh`%eyh�j-|<e qP�rc�| # @=ghd[|<e/�b|<��w?>�jrskgki-c/`�e<gke<gkc�|/��| _bi�f%qJ|�a�jbjld
qr`ba?h5gh`ba�j�hÎ|<��wb> jrsk|/�lq�d[c�i�jl`r{�c/d[e<c�a-e}j!e fbc�ghd>sygke<c/d}qJs´c�v�_bgk{ qJskc/`�e<| # tbc�i�jl`ba	��i�skjr|<c�a(i�jl`�e<jl_�d�|
a�ce�¸`bgh`b�
e fbc)>�jl_�`ba´q�d[gkc�|YjJn>gæ`ba�gk{bgka´_�qJs
|^x�qJi�c�|5qr`ba@x�jld�e qJsk|5qrd[c�nÉjld}w�c�a	��qr`ba*q�`8qJa 	<qJi�c/`bi��¼�ld<qrx�f×gk|->�_bgyske)>r�
skgh`��rgh`b�%i�jl`�e<jl_�d[|�e f�qJe�| f�qrd[c!c�a���c�| #

�	��
 1 � � �	
�� +�) � 6 �	��� 	 ��� )�' � 
 � � 
�+�� � ) � +�� � +�7 � 
 � � 
�+���)�' ��� . ) ��/0� 
 ��+

@=gk�l_�d[c!� " | fbj�h5|>eyh�jYd[jbjlw�|pqJ|>e fbc���q�x�x�c/qrdB> c^nÉjld�c5e fbc�|<c/w(qr`�e<gki5qr`�qJsk�b|<gk|�x�f�qJ|<c # +5fbc�a�jbjld>|<��w?>�jrs
x�j�|<gke<gkjl`bc�aÎgh`Ìe fbc8x�jbd[e qJs�jlx�c/`bgh`b�r|(gk|�jl`bc¼jJn5e fbc¼e­��xbgki/qJs�q�d[iRfbgke<c�i�e^_�d<qJs�|<��wb> jrsk|(_b|<c�aÑnDjld¬q%a�jbjld
�N@=gk�l_�d[c(�U�rq�� # 8Ôe5gk|Yi�skc/qrd�sy�G`bjreY_b|<c^n�_bs�nÉjld�c�Abe d<_b|<gkjl`mx�_�d<x�j�|<c�|���e f�qJe5gk|/�³gke5gk|#`bjre6q8fbjld�g ��jb`re qPs¸|}sygki�c
jJn
e^fbc#�Jz�a�jbjldyh5qU� # � � ;�w�_b|}e�d�c/xbsæqPi�c!c/qJiRf¼a�jbjld�|<��w?>�jrsXh5gke f¼eyh�j¬|<c/x�qrd<qPe<cYc�a���c�|/�bjl`bc!e<j-i�skjr|}c
e fbc(d[jbjlw�i�jl`re}jl_�d5jb`%c/qJi�fm|<gka�c�jPnpe fbc�a�jljld�h�qU� �N@=gk�l_�d[c%�/�o>�� # +5fbc�|<c�c�a��rc�|!|}c/d[{rc�eyh�j¼x�_�d<x�jr|}c�|��
�¸d[|<eU��e fbc(c�a��rc�|2h5gksys�i�skjr|<c(jre^fbc/dyh5gk|<c(`bjl`�j�i�skjr|<c�aÌi�jl`�e<jl_�d[|!a�ce�¸`bgh`b�Ge fbc�>�jl_�`ba´q�d[gkc�|�jPn�e fbc(|^x�qJi�c�|
jl`×c�gke fbc/d�|<gka�c!jJn
e^fbcYa�jbjldyh5qU� # +5fbgk|�w×qr�Jc�|�gkeYx�jr|}|<gt>bsyc!e}j�e^fbc/`��¸`ba8e fbc�|}c!i�jl`re}jl_�d[| >��8w�c/q�`b|5jJn
q
{rc/d[e}c�Aoj��ld}qrx�f%e d}q/{�c/d[| qJs�e f�qJe6|<c/qrd�iRfbc�|6nDjld�i�syj�|<c�aGsyjbjlxb|)h5gke fG`bj¼gh`re<c/d}`�qJs=| _�>�j�skjljbxb| # tbc�i�jl`ba	��c/qJi�f

" c



(b)

CorridorCorridor

(a)

@=gk�l_�d[c¼��c �=~BA�qrw(xbskc-jPnºqrw?>bgk�l_bjl_b|6�lqrxm>�c�eyh�c�c/`md´jbjld5xbshqr`%c�a���c�| #

(c)(b)
Closed contourNo closed contour

(a)
Unneeded edges discarded

@=gk�l_�d[c(�����=o�jld<d[c�i�e}gæ`b�×j {�c/d[shqrx�xbgh`b�8c�a��rc�| #

| _bi�fGc�a��rc�h�gysks�_b| _�qJsksk��>�c(c�Abe d<_ba�c�a gæ` e fbc8�Jz3w�jba�c�sD�	gh`Ge fbc�nDjld<w jPn�q%xbgkc�i�c8jPn h5qJsks=c�Ale}c/`ba�gæ`b�
n�d[jlw�e fbc-e<jbx%jJnpe fbc¬a�jljbdyh5q/�%_�xme<j¼e fbc-i�c�gkskgh`b� # +�fbc�c�Abgk|<e<c/`bi�c�jJnpc/qJi�fma�jljbd5gk|6gæ`ba�gki/qJe}c�a >��%e fbc
c�Abgy|}e<c/`bi�c-jJnpq��rc�jbw�c�e d[gki!c/`�e<gke­�mh5gke fmq�| x�c�i�g4�´i�shqU�rc/d�e[�Wx c # 8�`Ùgke<|5i/_�d<d[c/`�e5ghw(xbskc/w�c/`�e qJe<gkjl`���� � ;
skjli/qPe<c�|5a�jbjld�|<��w?>�jrsk|[>��(|<c/qrd�iRfbgh`b�×nÉjld;n�qJi�c�|<h5gke f¼shqU�rc/d�e[�Wx c��<z3.�j�z3. � # 8�`%i/qJ|}c�| h6fbc/d[c!e fbc!a�jbjld
|<��w?>�jrs>gk|Yi�jlw×x�jr|<c�aGa�g 
	c/d[c/`�e<sk� �Åc # � # e fbc¬a�jljld�gke<|<c�s n�gk|-q×skgæ`bc×|<c��lw�c/`�e/�´`bjre!qÍnÔqJi�c����¸� � ; i�jl_bska
>�c�w�jba�g��´c�ame<j(|<c/q�d[iRf×nDjld5q¬a�g 
	c/d[c/`�eYe[��x�c!jJn=c/`re}gye[� #

+5fbc!eyh�j�a�c�|<ghd[c�aGc�a��rc�|Yqrd[c6nDjld<wÍc�a@_b|<gh`b�8e fbc6nDjrskskj�h5gh`b�*qJsk�rjbd[gke f�w �

� # (�jli/qPe<c-q�a�jbjld�|<��w?>�jrs �Åskjbjl�×nÉjbd�q�nÔqJi�c)h�gye^f%shqU�rc/d�e[�Wx c��<z3.�j�z3. � � #

" # @=gæ`baG`bc/qrd[c�|<e 	�qrw?>×c�a��rc-e}j�e^f�qJe5a�jbjld�|<��w?>�jrs #

� # @=gæ`baÌjlx�x jr|<gke<c 	<qrw?>Gc�a��rc �Åskjljb�%nDjld0c�a��rc(jJn5| qrwÍc(skc/`b�re fÌqJ|)�¸d[|}e 	<qrw?>��	a�jbjld9j�skc/`b�re fÌq�h�qU�
nÔd[jbw��¸d�|<e 	<qrw?>�� #

: # o�jl`�`bc�i�e5e fbc 	<qrw?>b|-h5gke f¼eyh�j�| x�c�i�ghqJsksk��j�sæq�>´c�skcUa x�jld�e qJs�c�a��rc�| #

$2gh`ba�j�h2|<��w?>�jrsk|�i/qr`�> c-_b|<c�a%qJ|yj�gk|/�b|<gh`bi�cYe^fbc#qrx�x�d�jlx�d[ghqJe<c6i�jl`�e<jl_�d9j�i�skjr|<gh`b��c�a��rc�|5qJshd[c/qJa���c�Abgk|<e5qJ|
x�qrd[e�jJn
e fbc2h5gh`ba�j�h |<�Ww?> jrs	gke<|<c�s n #

" �



@=gk�l_�d[c¼� " �>z!jljbdp|}�Ww?>�j�sy|!qJ|5e^fbc��*qrx�x c/qrd�jl`�d´jbjld5xbshqr` #

(b)(a)

@=gk�l_�d�c8�/� �>z!jbjld�|<��wb> jrsF> c^nÉjld�c-qr`baNqUnDe<c/d�i�jl`�{rc/d[|<gkjl` #

�	�&� � )�� � )�� 6 ��� /0'�
�7�� � +�( 
 � � ��� � 4 ��/ �

&6|-x�d[c�{lgkjl_b|}sy�Gc�A�xbshqJgh`bc�a	�
gke!gk|-a�c�|}gæd}qo>bskc�nÉjbd6c�Ale d}_b|<gkjl`Gqr`baGc�a�gye}gæ`b�Gx�_�d<x�j�|<c�|-e<j¼�ld[jb_�xf>�jb_�`ba´qrd[�
c�a��rc�|¬nDjld¬c/qJiRf | x�qJi�c%gh`�e<jÑqm|<gh`b�rskc%i�syj�|<c�aÎi�jl`�e<jl_�d # +5fbgk|(gk|8qJi�i�jlw×xbsygk| fbc�a�>r� >�_bgyska�gh`b�Îq@�bd<qrx�f
jJn<d´jbjld!xbshqr`Ñ{�c/d[e<gki�c�|/�>gh`re<c�skskgk�rc/`�e<sk� i�fbjlj�|<gh`b� qÙ|<e qrd�e<gh`b�%{rc/d[e<c�A��
qr`ba e d<qU{rc/d[|<gh`b�%e fbc×�ld<qrx�fGgh`Ìqr`
qJe<e}c/w(xbe�e<j¬nÉjld}w3q¬i�syj�|<c�a@i�jl`�e<jl_�d�i�jl`�e qJgh`bgh`b�¼e f�qJe�{rc/d[e<c�A # +5fbc-d�c�| _bske5gk|#q�|}c�e�jPnºi�skjr|<c�ami�jl`�e<jl_�d[|
nDjld�| x�qJi�c�|6qr`ba¼nÉjbd5x�jld�e qJsk|/��hYfbgki�f@qrd�c-_b|<c^nÔ_bsÏnÉjld�c�Ale d}_b|<gkjl`¼gh`re<j×e f�d[c�c-a�ghw�c/`b|}gyjb`b| #

Y��t���N� �?JE���3�������H��U%����pBJ

&å`bjl`�j�a�ghd[c�i�e<c�a%�ld}qrx�f�jJn�{rc/d[e<gki�c�|5qr`ba(c�a��rc�|�gk| >�_bgkske/��e^f�qJe=gh`bi�sæ_ba�c�|6c�skc/w�c/`�e<|�nÔd[jbwØqJsks´shqU�rc/d[|pgh`×e fbc
i�jld<d�c�i�e<c�a%d´jbjld5xbshqr` # ~pqJi�f%`bjla�c�gh`%e^fbc-�ld<q�x�f%i�jl`b|<gk|<e}|YjJnpq " z9x�jrgh`�e/��d[c^nÉc/d�c/`bi�c�|Ye<j×gye}|#`bc�gk�lf�>�jld
`bjba�c�|/��qr`ba8q!|}e qJe _b|Od¸qJ� # & � S �4��� "}ZrT � Z��rS jPn�q6��gy{�c/`8`bjba�cYgk|�q!{rc/d[e}c�A-�ld<q�x�f(`bjla�c6e f�qJe=gk|�a�ghd[c�i�e<sk�
i�jl`�`bc�i�e<c�a e<j%e fbc(�rgk{rc/`G`bjba�cW>�� q¼|}gæ`b��syc¼c�a��rc # ~pqJi�fG`bjla�c�
 |�`bc�gk�lf�>�jld[|�qrd[c�|<jld�e<c�ax>r�Ge fbc�|<skjlx c
jJn�e fbc�sygh`bc¼e f�qJe6i�jl`�e qJgh`b|!e fbc�c�a��rcW> c�e h�c�c/`me fbc(`bjba�c8qr`baGe f�qJe-`bc�gk�lf�>�jld # � c/d[c�sk�@|}c/qrd[i�fbgæ`b�me fbc

"o"



�ld<q�x�f�nDjld�i�skjr|<c�a%skjljbxb|-h�jl_bska@`bjre5`bc�i�c�|<| qrd[gksk�@d[c�| _bske5gh`Ùe fbcYa�c�|}gæd�c�a@| x�qJi�c!i�jb`re<jb_�d[|/�H> c�i/qr_b|<c�w�jr|<e
{rc/d[e}gyi�c�|�qrd[c(x�qrd[e6jJn5w�jld[c�e f�qr`mjl`bc×i�syj�|<c�aÑi�jl`�e<jl_�d # +5fbgk|-|<gke _�qJe}gyjb`Ggk|�d[c/w�c�a�gkc�a�>��@gh`�e<c�skskgy��c/`re<sk�
i�fbjljr|}gæ`b�%e^fbc-|<e q�d[e<gh`b�8x�j�gæ`�e-qr`bama�gæd�c�i�e<gkjl`mnDjldYqÍ|<c/qrd[i�f��¸q�`baL>��@w(qr��gh`b�*q�x�x�d[jlx�d[ghqJe<c¬| _�>b|<c�v�_bc/`re
a�c�i�gk|<gkjl`b|!jl`%fbj�håe<j(x�d[jbi�c�c�afh�gye^f%e fbc!e d}q/{�c/d[| qJs�qJe5c/qJi�f%`bjla�c #

Y��t���t� v�JE	E	�n��_�EQS�E���������P�EQ �%	�
w��n?I9	�� �3�������H�qU�����p
J �<����D�����n����

tbc/qrd[i�fbgh`b�%e fbc�{rc/d[e<c�A¼�ld<q�x�f¼nDjld5i�skjr|}c�aNi�jb`re<jb_�d[|Y|^fbjl_bska d�c�| _bske!gæ`mi�jl_�`�e<c/d9j�i�skjbiR��h5gk|<c(i�jb`re<jb_�d[|5nDjld
gh`re}c/d[gkjld>| x�qJi�c�| �Å|^_biRf¬qJ|ºd�jljlwÍ|ºqr`ba�i�jld}d[gka�jld[| �>qr`ba�i�skjli��oh�gy|}c�i�jb`re<jb_�d[|	nDjld�c�Ale}c/d[gkjldF> jl_�`ba´qrd[gkc�| �Åg # c #
e fbc�jl_be<|<gka�c�jJn´e fbc->�_bgkska�gæ`b� � # +5fbc/d[c^nDjld[cr��h6fbc/`-|}c/qrd[i�fbgæ`b��nDjld	gh`�e<c/d[gkjld9j�|^x�qJi�c�i�jl`re}jl_�d[|/�Ue fbc��¸d[|<e>c�a��rc
| fbjl_bska�>�c�nDjld<w�c�a?>r�-xbgki��rgh`b�-q�|<e qrd�e	{rc/d[e<c�A!qr`ba¬|<c�i�jl`ba�{rc/d[e<c�A!|^_biRf0e f�qJe	e fbc�gh`re<c/d�gyjbd>jJn´e fbcpa�c�|}gæd�c�a
| x�qJi�c�gk|-e}j8e fbc�skc^nDe!jJn�e fbc�a�ghd[c�i�e<c�a c�a��rc �N@=gk�l_�d[c¼� : � # o5fbjrgki�c(jJnpe fbc�|}c3�¸d�|<e-qr`baG|<c�i�jl`baÑ{�c/d[e<gki�c�|
gk|(x�c/d�nDjld<w�c�aÌa�g 
	c/d[c/`re}sy� nDjld-�b`bj�hY`G| x�qJi�c�|U�=c�Ale}c/d[gkjld?>�jl_�`ba´qrd�gyc�|U�pqr`baÎqr`r�Ìd[c/w(qJgh`bgh`b�Ñ_�`bsæq�>�c�skc�a
| x�qJi�c�| #

Walk this direction
to left

537

Start vertex

Second Vertex

Interior

@=gk�l_�d�c8� : �>z!ghd[c�i�e<gkjl`ÙjJn={rc/d[e<c�A¼�ld<qrx�f×e d<qU{rc/d�| qJs³nÉjbdpgh`�e<c/d[gkjld�| x�qJi�c�| #

��	�	wzLn
+5fbc/d´jbjld�xbshqr`¼i�jlw�c�|<h5gke f%d[jbjlw shqo>�c�sk|6skjli/qJe}c�a@`bc/qrd�e fbcYi�c/`�e<c/d�jPnº`l_�w?> c/d[c�a%| x�qJi�c�|�jl`¼e fbcVd´jbjld
xbshqr` # � � ;�skjljl��|�nDjld�e fbc�|<c!shqo> c�sy|!qr`ba@`bjre}c�|�e^fbc�gæd�x�jr|<gke<gkjl`Ùgh`¼| x�qJi�c # +�j2�¸`ba%i�syj�|<c�a@i�jl`�e<jl_�d�|pnDjld
c/qJi�f%d[jbjlw%�be fbc!nDjrskskj�h5gh`b�*qJsk�rjbd[gke f�w9gk|#q�x�xbsygkc�a �

537

(d) Second vertex

(a) Shoot ray

500

(b) Take
closest edge

(c) Start vertex

@=gk�l_�d[c¼� = �O@=gh`ba�gæ`b�%|}e qrd[e<gh`b��c�a��rc�qr`ba%{rc/d[e<gki�c�|�nÉjbd�d�jljlw i�jl`re}jl_�d�|<c/qrd[i�f #

" �



� # t�fbjljre6q(d<qU��n�d[jlw e fbc-shqo> c�s
skjbi/qJe<gkjl`Ùgæ`Ùe fbc � A¼a�gæd�c�i�e<gkjl` �N@=gk�l_�d[c(� = q � #

" # @=gæ`baÎe^fbc8i�skjr|<c�|}e�gh`�e<c/d[|<c�i�e}c�aÎc�a��rc # +5fbgk|(c�a��rc¼gk|8qJ|<| _�wÍc�a e<jx> c8jl` e fbcf> jl_�`ba´qrd[�ÑjPnYe fbc
a�c�|<ghd[c�a@| x�qPi�c-i�jl`�e<jl_�d �N@=gk�l_�d[c(� = >�� #

� # tbgæ`bi�c%h�cmh5qr`re¬e<j > c��rgh`Îe d}q/{�c/d[| qJs=gh`Ìe fbc � �Ña�ghd[c�i�e<gkjl` �Å|}jNe^f�qJe-e fbc¼gh`re}c/d[gkjld�jJn5e fbc@d[jbjlw
gy|�qJs�h5q/�b|!e<j%e fbc×syc^nDe�jJn�e^fbc(i/_�d<d[c/`�e-c�a��rc����	|<c�e¬e fbc?�¸d[|<e!i�jb`re<jb_�d6{rc/d[e<c�AGc�v�_�qJs=e<j@e^fbc(c�a��rc
c/`ba´x�jrgh`�e[h5gke fÙe fbc!skc�|<|<c/d��8{JqJsh_bc �N@=gk�l_�d�c(� = i�� #

: # tbc�epe fbc5|}c�i�jl`ba8i�jb`re<jb_�d>{rc/d[e<c�A�c�v�_�qJs´e<j!e^fbcYc�a��rc�c/`ba´x�jrgh`�e-h5gke f�e fbc��ld[c/qJe<c/d;��{ qJsh_bc �N@=gk�l_�d[c
� = a � #

+5fbc/d[c!qrd[c�i�jl`bi�c�gk{ qo>bskc-|}gye^_�qJe<gkjl`b|^h6fbc/d[c#q0| x�qJi�c6i�jl`�e<jl_�d>nDjld<wÍc�a8qJ|�q¬d[c�| _bske�jJn	e fbgk|5qJsk�rjld[gke f�w h5gksys
c/`bi�jlw(x�qP|<|5w�jld[c5e^f�qr`(jb`bc#d[jbjlw sæq�>�c�s �N@=gk�l_�d�c��/��q�� # &6|5q-d[c�|^_bsyeU�le^fbcYc/`�e<ghd[c!| x�qJi�c/h5gksks�>�c!shqo>�c�skc�a
h5gke f×e fbc6gya�c/`�e<gke[�8jPn
e fbc!d[jljbwØshqo>�c�s�e f�qPe�gk|5_b|<c�am�¸d[|}e�qJ|5q!|}c�c�a¼nÉjld;e fbc6i�jl`re}jl_�d�|<c/qrd[i�f(qJsk�rjld�gye^f�w #
8�` e fbc�i/qJ|<c?hYfbc/d[c�c�A�qJi�e<sk�Gjl`bc�i�jl`re}jl_�dYx c/d-d[jbjlw�shqo>�c�s�gy|-d�c�vW_bghd[c�a	��e fbc(| x�qJi�c�i�jl`�e<jl_�d�i�jl_bska�> c
x�qrd[e}gye}gyjb`bc�a gh`�e<jÑw�_bske<ghxbskc@qJa 	<qJi�c/`�e-i�jl`�e<jl_�d[|�xbshqJi�c�aÖd[c/qJ|<jb`�qo>bsk� qo>�jb_be-e fbc%d[jbjlwÕshqo> c�sy| �N@=gk�l_�d[c
�/�Ja ���r| _bi�f(e^f�qJepe fbc6_�`bgyjb`¼jJn	e fbc#d�c�| _bske<gh`b�Íd�c��rgkjl`b|�gy|�e fbc6jld[gk�rgh`�qJs³| x�qJi�c # +�fbc5nDjrskskj�h�gæ`b�(qJsk�rjbd[gke f�w
i�jl_bska > c-c/w(xbskjJ�rc�a �

@´jld�c/qJi�f¼| x�qJi�c¬i�jl`re}jl_�d�t��

� # 6=gkiR�×eyh�jÍd�jljlw sæq�>�c�sk|[& q�`ba@�Öc/`bi�skjr|}c�aL>��%q�|<gh`b�rskc�i�jl`re}jl_�d #
" # o5qJski/_bshqJe<c-e^fbc-q�Algk|yj­qPsygk�l`bc�aGskgh`bc�(Gc�vW_bgka�gk|<e q�`re�nÔd�jlw &Øqr`baN� �

�Dq �%8ÅnYshqo> c�sy|%qrd[c×n�qrd[e fbc/d�qrx�qrd�e�gh` AÑe^f�qr`Ìgh`Ì�r�=iRfbjbjr|<c%{�c/d[e<gki/qJs��Å��j­q�Algk|yj­qPsygk�l`bc�a �Ísygh`bc
�P(�gh`bc���gh` @=gy�b_�d[c(�/�o>���c�v�_bgka�gk|<e qr`�e5n�d[jlw shqo> c�sy|(��c��!qr`ba ��c " � #

�P>��Ùc�sy|}c@i�fbjljr|}cNfbjld[g ��jl`�e qJs �NAoj­q Algk|yj­qJskgk�l`bc�a �¼skgh`bc �P(�gh`bc = gh`S@=gk�l_�d�c �/�Jir��c�v�_bgya�gk|<e^qr`re
nÔd[jbw shqo> c�sk|(��c " qr`ba ��cr��� #

� # 8Ån=e fbc/d[c!gk|#qÍ| x�qJi�c-i�jb`re<jb_�dpc�a���c�~Öx�q�d<qJskskc�sºqr`ba%i�skjr|}c-e<j(skgh`bc�( �D~;a��rc(�!gh`%@=gk�l_�d[c¼�/�rq
nÉjld�sygh`bc(�×gæ`g@=gk�l_�d[c¼�/�o>��´q�`ba@c�a��rc " gh`g@=gk�l_�d[c8�U�rq¬nDjld�skgh`bc = gh`g@=gy�b_�d[c8�/�Pi���� � jJ{rc3(
|<j�e f�qJe5gke5gk|6i�jrsksygh`bc/qrd/h�gye^f@~

: # 6=qrd[e<gke<gkjl` e fbc¼| x�qJi�c¼i�jl`re}jl_�d�t qJe�skgh`bc (=�=x�d[jba´_bi�gh`b�Ñc�a��rc�| : qr`baÎ���=d[c�| x c�i�e<gk{rc�sk�r��gh`
@=gy�b_�d[c�|-�/�o>%q�`baÑ�/�Ji #

+5fbc@qJsk�rjbd[gke f�w4gk|*d�c/x�c/qJe<c�a2_�`re}gys�e fbc/d[c%gk|(c�A�qJi�e<sk�Îjl`bc%i�jl`�e<jl_�d(x c/d(d[jbjlw,shqo>�c�s # +5fbc@d[c�|^_bsye}gæ`b�
i�jrskskc�i�e<gkjl`¼jJn
i�jb`re<jb_�d[|=gk|5| fbj�hY`�gh`�@=gy�b_�d[c��U�Ja # +5fbgk|�qPsy��jld[gke f�w9qJe<e<c/w×xbe<|pe<j?>�d[c/qr��_�x×e fbcYjbd[gk�rgh`�qJs
i�jl`�e<jl_�d�gh`(qJi�i�jld[a´q�`bi�c h�gye^f-c�Abgk|<e<gh`b�3h5qJsksk|^h6fbc/d[c�{rc/d>x�jr|<|}g >bskc # 8Ån�e fbc5qJsk�rjld[gke f�w�|<ghw(xbsk�(x�qrd[e}gye}gyjb`bc�a
e fbcm| x�qJi�cfh�gye^fbjl_be8e^qr�rgh`b�Ìc�Algk|<e}gæ`b� h5qJsksYc�a���c�|8gh`�e<j qPi�i�jl_�`reU�pe fbcGd[c�| _bske �N@=gk�l_�d[c �U�Jc��(w(qU�Î`bjre
qJ�ld�c�c[h5gke f¼e^fbcYgh`�e _bgke<gk{rcb> jl_�`ba´qrd[gkc�|5e f�qPe�|}c�c/w e}j > c!ghw(xbskgyc�ax>��(e fbc!c�Abgk|<e<c/`bi�c!jJn
i�f�qr`b�rc�|�gh`mh5qJsks
a�ghd[c�i�e<gkjl` #

8�` @=gk�l_�d[c�|%�/�rq�j�ir�
e^fbc*x�qJghd¬jJn#d�jljlw shqo>�c�sk|@��c �8qr`ba2��c " gy|¼_b|<c�ax�¸d�|<e/��nÉj�syskj�h�c�a >��Ö��c " qr`ba2��cr�
�Åe fbc%d[c/w(qPgæ`bgh`b� x�qPgæd¬jJn���c��8q�`ba ��c��%a�jbc�|Í`bj�eÍd�c�vW_bghd[c@qmx�qrd[e<gke<gkjl`bgh`b�Ñjlx c/d<qJe<gkjl`��;|<gh`bi�c%e fbc��¸d�|<e

" :



x�qrd[e}gye}gyjb`bgæ`b�%jbx�c/d<qJe}gyjb`%gh`g@=gy�b_�d[c%�/�o>¼|<c/x�qrd}qJe<c�|6sæq�>�c�sk|8��c �-qr`ba ��cr��� # 8Énpe fbc-jld�a�c/d5jJn�x�qPgæd�i�fbjrgki�c
h�c/d[c-d[c�{rc/d�|<c�a	�b| _biRfÙe f�qJe�shqo>�c�sk|(��c " q�`baÑ��cr��qrd[c-_b|<c�am�¸d�|<e/��nÉj�syskj�h�c�a >��@��c��¬qr`baÑ��c " �be fbc-d�c�| _bske<|
h�jl_bska > c@a�g 
	c/d[c/`re �N@=gk�l_�d[c �U�Un � # +5fbc/d[c^nDjld[cr��e fbc@_b|<c/d×| fbjl_bska�>�cNqPsyskj�h�c�aÖe<jGi�fbjlj�|<c@e fbc%jbd[a�c/d
h5gke f'h6fbgyi�fGe fbc(x�qJghd[|¬jJn�d[jbjlw shqo>�c�sk|(qrd[c�i�fbjr|<c/`���|<j8e^f�qJe!e fbc(d[c�| _bske<gh`b�G| x�qJi�c�|-w(qPe<iRfme fbc(_b|<c/d�
 |
| _�> 	[c�i�e<gk{rc¬gæ`�e<c/d<x�d�c�e qJe<gkjl`¼jJn=e fbc!gh`�e<c/`re}gyjb`b|YjJn=e fbc/d´jbjld5xbshqr`Ùi/d[c/qJe<jld #

�V����������	��
8De6gk|-`bjreYqJ|6|<e d}qJgk�lfre�nÉjld�h�q�d[a8e}j?�¸`baGc�Ale<c/d�gyjbd9j >�jl_�`ba´q�d[�%i�jl`�e<jl_�d[|/� |<gh`bi�c�e^fbc/d[c�qrd�c�`bj%d[jljbw9shqo>�c�sk|
e<j�_b|<c#qP|�|}c�c�a�|pnDjlda�¸`ba�gæ`b�×e fbc-�¸d�|<e5qr`ba8|}c�i�jl`ba8{�c/d[e<gki�c�| # +5fbc�nDjrsksyj�h5gh`b�(qJsk�rjld�gye^f�w gk|�c/w(xbskjJ�rc�a%e<j
�¸`ba@e^fbc!|<e qrd[e}gæ`b�×c�a��rc��

� # z!c�e<c/d<w�gh`bc!e fbc2Zãqr`ba �Ø{JqJsh_bc-c�Abe<c/`�e<|�nDjld�e fbc-c/`�e<ghd[c/d´jbjld #

" # (�c�e5i/_�d �Ø�rj¬n�d[jlw3wÍgæ` �Øe}jÍw×q�A ��gh`%gh`bi/d[c/w�c/`�e<|6c�vW_�qPs	e<j��ld[gka@|^x�qJi�gh`b� #

�Dq �%t�fbjljre�d<qU�%n�d[jlw e fbc¼|<c�c�a x jrgh`re ��w�gh`�Z j���c # cG�
i/_�d � �0gh`Ñe fbc � AÑa�ghd[c�i�e<gkjl` �N@=gk�l_�d[c
� i q�� #

�P>�� @=gæ`bame fbc!i�skjr|<c�|<e�gæ`�e<c/d[|}c�i�e<c�a@c�a��rcr� g�n�q�`r� #
�Åi��g8Ån=c�a��rc-gk|Y_�`b_b|<c�a � @=gy�b_�d[c(� i >��	�

g # tbgæ`bi�c2h�c[h5qr`�e�e<j�>�c��rgh`me d<qU{rc/d[|^qJs�gh`%e fbc � �¼a�ghd[c�i�e<gkjl` �É|<j�e f�qJe�e fbc!gh`re}c/d[gkjld�jJn=e fbc
i�jl`re}jl_�d�gy|6qJs�h�qU�b|pe<j�e fbc-d�gy�bfre�jJn=e fbc6i/_�d<d[c/`�e5c�a��rcr��qr`ba%e fbc!c�Abe<c/d[gkjld�c/w(xbe[�¼| x�qJi�c
gy|!jb`%e fbc�skc^nÉe ���´|}c�eYe fbc2�¸d[|}eYi�jl`�e<jl_�d�{rc/d[e}c�A%c�vW_�qJs>e<j¼e fbc�c�a��rc-c/`ba´x jrgh`re2h5gke fme fbc
syc�|}|<c/d��%{ qPsæ_bc #

gkg # tbc�e(e fbc%|<c�i�jl`baÎi�jb`re<jb_�d�{rc/d[e<c�A c�vW_�qJs�e<jÑe fbc%c�a��rc%c/`ba´x jrgh`remh5gke f e fbc%�ld[c/qJe}c/d-�
{ qJsh_bc #

�Åa �Ùc�sy|}cr��c�a��rc-gk|!qJshd[c/qJa��%_b|<c�a@gh`Ùi�jl`re}jl_�d �N@=gk�l_�d[c8� i i�� # 8�`bi/d[c/wÍc/`re5i/_�d � #

\ jre<c¼e f�qJe�c�a��rc�|(w(qrd<�Pc�a �Åi��¬gh` �´�l_�d[cÑ� i q�d[c*qPsæd�c/qJa�� _b|<c�aS> c�i/qr_b|<c@e^fbc8i�jl`�e<jl_�d0nDjl_�`baS>��Ñe fbc
|<c/qrd�iRfÙjld[gk�rgh`�qJe<gh`b�×nÔd[jbw3e fbc¬|<e qrd�e�c�a���c�shqo> c�skc�a �P>���gh`bi�sh_ba�c�|�e fbc-c/`�e<ghd[c-c�Abe<c/d[gkjld�i�jl`�e<jl_�d�nDjld�e f�qJe
h5gh`b� #

� jr|<e�c�Abe<c/d[gkjld¬i�jl`�e<jl_�d[|�i/qr`�> c¼nÉjl_�`baÎe^fbgy|�h�qU� # 8�`Ìe fbc@_�`l_b|^_�qJs5i/qJ|<c¼e f�qJe�e fbc/d�c@qrd[c¼| _ � i�gkc/`re
|<c/x�qrd}qJe<c%h5gh`b�r|¼jl`Îq |<gh`b�rskc%d´jbjld8xbshqr` | _bi�fÎe f�qJe¼`bj d<qU� ��c/`bc/d<qJe<c�aS>��Îe fbc@qJsk�rjld�gye^f�w fbgke<|¼e fbc
c�Abe<c/d[gkjld6jJn�q¼x�qrd[e<gki/_bshqrd h5gh`b� �N@=gk�l_�d[c%� ` q����´_b|<c/d6gh`re}c/d<qJi�e<gkjl`mgk|-d[c�v�_bgæd�c�a # +5fbc(_b|<c/d!x�d�j {bgka�c�|!e fbc
|<e q�d[e
c�a���c5>��!i�skgkiR��gh`b��jb`�q�|<gh`b�rskc5c�Abe<c/d[gkjld>c�a��rc��N@=gk�l_�d�c#� ` >����Jqr`ba�e fbc/`¬e fbc5`bjld<w(qJsbi�jl`�e<jl_�d�|<c/qrd[i�f
gk|#x c/d�nDjld<w�c�a #

����z'���P���_��Q�v3	w����	�����n
� `bi�c%qJsks�d�jljlw i�jb`re<jb_�d[|�qr`baÌc�Abe<c/d[gkjld!i�jb`re<jb_�d[|�f�qU{rcW> c�c/`GnDjld<wÍc�a	�
gh`�e<c/d[gkjld0| x�qJi�c�|(w(qU�Ñd[c/w(qJgh`
e f�qJe6qrd[c-`bjre5shqo> c�skc�axh5gke f@d�jljlw�`l_�w?>�c/d�|/�´|^_biRfmqJ|5c�skc�{ qJe}jld5|^f�qUnÉe}|Yqr`ba@_�`�qJ|<|}gy�b`�qo>bskc(| x�qJi�c�|Y_b|}c�a
nDjldpfbc/qJe}gæ`b�³�rc�skc�i�e d[gki�gke[�r�´qr`ba%xbsæ_�w?>bgh`b� # tbgh`bi�c!e fbc�{rc/d[e<gki�c�|�gh`(shqo> c�syc�a�j­d�jljlw i�jl`re}jl_�d[|pqr`ba¼c�Ale}c/d[gkjld9j
>�jb_�`ba´qrd[�Ñi�jl`�e<jl_�d�|�qrd[c¼w(qrd<�Jc�aÌqJ|�_b|<c�a	�;gye�gk|(x�jr|}|<gt>bsyc%e}j@|<ghw(xbsk�Ì|<c/qrd[i�fGe fbc%d[c/w(qJgh`bgh`b�Ñ_�`l_b|}c�a
`bjba�c�|(gh`Îe fbc%{rc/d�e<c�AÑ�ld<q�x�f nÉjld¬i�skjr|<c�aßi�jl`�e<jl_�d[| # �=c/d[e<gki�c�|¼gæ`Ìe^fbc@d[c�| _bske<gh`b� i�jb`re<jb_�d[|(qrd[c¼nDjld[i�c�a
gh`re}j�i�jb_�`re<c/d j�i�syjbi��oh5gk|<c!jbd[a�c/d<>�c�i/qr_b|<c!e^fbc��8qrd[c5gh`�e<c/d[gkjld�e<j�e fbc)>�_bgksya�gh`b�´��q0nÔqPi�epe f�qJe�gk|��b_�qrd<qr`�e<c�c�a
>�c�i/q�_b|<c-e fbc!c�Abe<c/d[gkjld�i�jl`�e<jl_�d[|<h�c/d[c6nDjld<w�c�a@x�d�c�{lgkjl_b|<sk� #
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a) Multiple room labels and single 
    enclosing space contour

b) Partitioning operation for pair 101,102

1

2

3
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c) Partitioning operation for pair 102, 103
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5 101

102

103

d) Result, one contour per room label
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103

e) Less desirable result produced if
     algorithm ignored existing edges

101

102

103

f) A different result when pairs chosen
     in different order

@=gk�l_�d�c8�/� �B6=qrd�e<gke<gkjl`bgh`b�8| x�qPi�c�|5e<j(jH>be^qJgh`¼jl`bc!| x�qJi�c�x�c/d6d[jljbw shqo> c�s #
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@=gk�l_�d�c8� i �O@=gh`ba�gh`b�%|<e qrd�e<gh`b��c�a���c!nDjld�c�Ale<c/d�gyjbd5i�jl`�e<jl_�d�|<c/q�d[iRf #

b) User selects

a) Wing not hit
by any ray

start edge

@=gk�l_�d[c¼� ` �=~BAbe<c/d[gkjld�i�jl`re}jl_�d�`bjreYqr_be<jbw(qJe<gki/qJsksk�¼nÉjb_�`ba #

Y��t���t! �3�������H�qU�����p
J �<���HDE����n����

+5fbc6{rc/d[e<c�A×�ld<qrx�f×gk|�e^d<qU{rc/d[|<c�a8_�`�e<gks�c�gke fbc/d5q¬i�skjr|<c�a%i�jl`�e<jl_�d;gy|�nÉjld}w�c�a	�bjldpqJsks	x�j�|<|<gt>bskc�x�qJe fb|�n�d[jlw
e fbc6|<e qrd�e={rc/d[e<c�A(f�qU{rc[> c�c/`¼|<c/qrd[i�fbc�aWh�gye^fbjl_bep| _bi�i�c�|}| # +5fbc6e d<qU{rc/d[|^qJs�>�qPiR��e d<qJi���|^hYfbc/d[c�a�c/qJa8c/`ba�|
qrd[c5d[c/qPiRfbc�a # $åfbc/`�e fbc�|<e q�d[eº`bjba�c5gk|pd[c/qJi�fbc�a	�lq6i�skjr|}c�a(i�jl`�e<jl_�d=f�qJ|^> c�c/`¬nÉjbd<w�c�a	�rqr`ba�e fbc5{�c/d[e<gki�c�|
gh`¬e f�qJe>i�jl`re}jl_�d
q�d[c�w(q�d<�Jc�a�_b|}c�a�|}j!e f�qJe	e fbc��¬i/qr`�`bjreB>�c�gh`bi�jld<x�jbd<qJe<c�a�gh`re}j!jre fbc/d�i�syj�|<c�a�i�jl`re}jl_�d[| #

"oi



+5fbc-qJsk�rjbd[gke f�w9nDjld�e fbc!{rc/d�e<c�A8�bd<qrx�f¼|<c/qrd�iRf¼gk|!qJ|�nDjrsksyj�h5|��

� # tbe qrd[e)h5gke f i�jl`re}jl_�d6i�jl`�e qJgh`bgh`b�Neyh�j¼{rc/d[e<gki�c�| �N@=gk�l_�d[c%�/�rq ���	�rgk{rc/` >r�ÑqJsk�rjld�gye^f�w�|-gh`G|<c�i�e}gyjb`
i�#�"�#�" � � o5fbjbjr|<gh`b�8tbe^qrd[e<gh`b� \ jla�c�|�nDjld��=c/d[e<c�A%;-d<qrx�f%+>d<qU{rc/d[|^qJs � #

" # tbc�e5i/_�d<d[c/`�eY`bjba�c-e<j�shqJ|<e �Å|<c�i�jl`ba ��i�jl`re}jl_�d�{rc/d[e<c�A #

� # �pc���gæ` qJsk�rjld[gke f�w �6i�fbjlj�|<c(`bc�Ale-`bc�gk�lf�>�jld�`bjba�c�gæ` |<c/qrd�iRfGx�qJe f���skc^nÉe wÍjr|<e!e _�d<` �N@=gk�l_�d�c@�/�o>��
�/�Jir���/�Ja	�	�U�Jc�� #

: # 8Ån	e fbc/d[c5qrd[c6`bj-_�`r{bgk|<gke<c�a*`bc�gk�lf�>�jbd�`bjba�c�|/�bd[c/w�jJ{rc�i/_�d<d[c/`�e�`bjba�c�n�d[jlw�skgk|<epjJn	i�jl`�e<jl_�d>{�c/d[e<gki�c�|
qr`ba�>�qPiR��e d<qJi�� �N@=gk�l_�d�c��/� n �=e<j(x�d[c�{bgkjl_b|Y`bjba�c �Å�rj�e<j���� # 8Ån^>�qJi���e<j�|<c�i�jl`ba@`bjba�c!gh`%i�jl`�e<jl_�d
sygk|<eU�´`bj(|<jrsh_be<gkjl`��Åv�_bgye � #

= # &Ya�a@`bc�hØ`bjla�c¬e<j�skgy|}eYjJn=i�jl`�e<jl_�d�{�c/d[e<gki�c�| #

� # 8D|5|<e^qrd[e5`bjla�c�q(`bc�gk�lf�>�jld�jJn=i/_�d<d[c/`�eY`bjla�c��

�Dq � �=c�|��po�skjr|<c�ami�jl`�e<jl_�d;nÉjb_�`ba �N@=gk�l_�d[c(�U�J� � # � q�d<�(i�jb`re<jb_�d�`bjba�c�|!_b|<c�a # z!jb`bc #
�P>�� \ j �B;0j(e<j(� #

+5fbc5|}jld[e<c�a�qr`b�rskc�|pjJn�c�a��rc5gh`bi�gka�c/`bi�c-qJe>c/qJiRfÍ{rc/d[e<c�A¬�ld<qrx�f�`bjba�c��b_�qrd<qr`�e<c�c�e d<qU{rc/d[|^qJsrgh`�e fbc5a�c�|}gæd�c�a
�Åi�skjbiR��h5gk|<c-jbd�i�jl_�`�e<c/d9j�i�skjli���h5gk|<c��Yw×qr`�`bc/d #

&�� X����	� `bjba�c-gk|!i/d[c/qPe<c�amnÉjld�c/qJiRfmi�skjr|<c�aGi�jl`�e<jl_�d�nDjl_�`ba >��%e fbgk|-qJsk�rjld[gke f�w # +5fbc(t�6X&Yo5~2`bjba�c
i�jl`�e qJgh`b|5q�skgk|<e5jJn
c�a���c�|�a�ce�¸`bgh`b�¼e fbc!i�jl`�e<jl_�d # t�6X&Yo5~Î`bjba�c�|Yqrd�cYshqo> c�syc�a'h5gke f¼q�_�`bgkvW_bc¬gya�c/`�e<g4�´c/d
qr`ba�`�qrw�c # +5fbc�`�q�w�c�gy|>a�c/d[gk{rc�a�n�d[jlw �l`bj�h5skc�a��rc�jJn´e fbc
d´jljbd
xbshqr`2hYfbc/d[c�{�c/d
x jr|<|<gt>bskc���nÉjldÏc�AWqrw×xbsycr�
e fbjr|}c(i�jl`�e<jl_�d[|!e f�qPe)h�c/d�c�nÉjb_�`ba >��Ñ_b|<gh`b�Nd[jbjlwÕshqo> c�sk|ÍqP|-|<c�c�aÎx�jrgh`�e<|�q�d[c(�rgk{rc/`Ge^fbc*`�qrwÍc(e f�qJe
h5qJ|-x�d[c�|<c/`�e�gh`Ñe fbc¼d[jljbw sæq�>�c�s�gke<|<c�s n �Åc # � # = � i �!qr`ba e^fbc(e[�Wx c8qJ|<|<jbi�ghqJe<c�a h5gke fGe f�qPe�d[jbjlw shqo>�c�s
�Åc # � # � @B@^8�o5~ � # 8�`Ìe^fbgy|(x�d[jbi�c�|<|/�>e fbc �kM��JS/T jPn�e^fbc8jld�gy��gæ`�qPspskgh`bc@|<c��lwÍc/`re0nÉjld0c/qJi�fÑi�jl`�e<jl_�d0c�a��rc
gk|#d�c/w�c/w?>�c/d[c�a ��e fbgk|6gk|#`bc�i�c�|<|^qrd[�f>�c�i/q�_b|<cr�³nÉjbd�c�AWq�w(xbskcr�¸qr`Ùc�a��rc-jPnpe­��x�c � � QDSUT �ÅZrT � � M���� | fbjb_bsyax> c
c�Abe d<_ba�c�a(qJ|=q6|<gh`b�rskc�d�c�i�e qr`b�l_bshqrdOh5qJsks�xbgyc�i�cr��hYfbgkskcYqr`¬c�a��rc�jJn´e[�Wx c � � � �rZ � ��O�� ��� |^fbjl_bska > c�c�Ale d}_ba�c�a
gh`Ñeyh�jNxbgkc�i�c�|�h�gye^f qmfbjrskcf>�c�eyh�c�c/`Ñe fbc/w nÉjbd!e fbcmh5gh`ba�j�h x jld[e qPs # +5fbc8skgk|<e�jJn#t�6X&Yo�~'`bjba�c�|�gy|
shqJe<c/d5_b|}c�aNqJ|5e^fbc3>�qJ|<gk|5nDjld�c�Abe d<_b|<gkjl`mqr`ba%c�a�gke<gh`b� #

@=gk�l_�d[c " cÍ| fbj�h5|5e fbc/d´jbjld5xbshqr`*nÔd[jbw7@=gk�l_�d�c : qUnDe<c/d�| x�qJi�c!i�jb`re<jb_�d�nÉjbd<w(qJe<gkjl` #

�	��� � )�� � )�� 6 4 ��� +�/0� 7 � � +�( 
 � � ����� 4 � / �

+5fbc¬| qrw�c¬i�jl`re}jl_�d9jP�¸`ba�gh`b�8e}c�iRf�`bgkv�_bcÍq�x�xbsygkc�aÑe}j(| x�qJi�c�|6jl`%e^fbc)d´jbjld5xbshqr`mi/qr`@qPsy|}jW>�c(qrx�xbskgkc�aÑe<j
x�jbd[e qJsk| �Åa�jljbd[|#q�`ba h�gæ`ba�j�h5| � # 8�`%n�qJi�e/�³e fbc�|<c�x�jld�e qJsk|!i/qr`f> c�{lgkc�h�c�aÑqJ|Y|^x�qJi�c�|!e fbc/w�|<c�sk{rc�|U��|<gh`bi�c
e fbc!jl_be}sygh`bc¬jJn
c/qJi�f%x�jld�e qJs	d[c��rgkjl`¼jl`¼e^fbc/d´jljld�xbsæq�`¼gy|!x�d[c�i�gk|<c�sk�%e fbc-qrd�c/q-jbi�i/_�xbgkc�ax>r�¼e f�qJe5x�jbd[e qJs
�N@=gk�l_�d[c " ��� #

8�`¼e^fbc#tbjba´q�,6qJsks�d´jbjld�xbshqr`b|/��a�jbjld�i�jl`�e<jl_�d[|5qrd�cYi�jlw×x�jr|<c�a¼jJn
eyh�j-shqU�rc/d[|U�ljb`bcYshqU�rc/d�nDjld=e^fbc 	�qrw?>b|
qr`baÌjl`bc%shqU�rc/d6nDjld¬e fbc¼c�a��rc�|�e f�qJe�| x�qr` e fbcmh5gka�e fÌjJnYe fbc¼a�jbjld¬jlx�c/`bgh`b�Ñgke<|<c�s n # &3a�jbjld¬i�jl`�e<jl_�d

" `



c) Proceed by choosing leftmost

of two neighbor nodesof two neighbor nodes

b) Proceed by choosing leftmost

f) Backtrack; proceed

to other neighbor node
d) Proceed to only neighbor

of two neighbor nodes.  Dead end.

e) Proceed by choosing leftmost

g) Result upon completion

of search algorithm

a) Start edge

@=gk�l_�d[c8�U� �=tbc/qrd[i�fbgæ`b�×nDjld�gæ`�e<c/d[gkjld�i�jl`�e<jl_�d #

" �



@=gk�l_�d[c " c �=t�x�qJi�c�|5nDjl_�`ba%jl`mtbjla´q�,YqJsksEd´jbjld = xbsæq�` #

i�jl`b|<gk|<e}|%jJn-eyh�j 	<qrw?>�j�sæqU�rc/d×c�a��rc�|@qr`ba2eyh�jÑa�jbjld9j]h5gka�e fßc�a��rc�| # tbgæ`bi�c e fbcGa�jljld×jlx c/`bgæ`b��|fh�c/d[c
i�skjr|<c�a%j 
fh�gye^f¼a�jljld j]h5gka�e f(c�a���c�|�a´_�d�gæ`b�¼x�d[c/x�qrd<qJe}gyjb`�nDjld
�¸`ba�gh`b�8d[jbjlw i�jl`re}jl_�d[|/��e fbjr|<c6c�a��rc�|�i/qr`
>�c%_b|<c�a nÉjbdV�¸`ba�gæ`b� i�syj�|<c�a a�jbjld0i�jl`re}jl_�d[|-qJ|2h�c�sks # $2gh`ba�j�h i�jl`�e<jl_�d[|�qrd[c(|}gæwÍgyshqrd�sy�Ìi�jl`b|<e^d<_bi�e<c�a
jl_be5jPn
nDjl_�d�c�a��rc�|U��eyh�j�c/qJi�f¼n�d[jlw e fbc2h5gh`ba�j�h<j 	�q�wb>¼shqU�rc/d5q�`ba%e fbc3h5gh`ba�j�h<j�|<gksks>sæqU�rc/d # tbc�c-|<c�i�e}gyjb`
� i nÉjbd5q(a�gk|<i/_b|}|<gkjl`GjJnBd´jbjld6xbsæq�`Ga�c�|<gk�l`Gd[c�i�jlw(wÍc/`ba´qJe<gkjl`b|6e f�qJe/h�jb_bsyaGskc/qJaGe<j¼c/qJ|<gkc/d�syjbi/qJe<gkjl`mjJn
x�jbd[e qJs�i�jl`�e<jl_�d[| #

+�j<�¸`ba�a�jljld�|/� q�{rc/d[e<c�A6�ld<qrx�f0gk|a>�_bgkske=e f�qJe	gh`bi�sh_ba�c�|pjb`bsy�!{�c/d[e<gki�c�|
gh`¬e fbc�a�jljld j 	�qrw?>!qr`ba!a�jbjld9j]h�gya�e^f
shqU�rc/d[| # o�skjr|<c�aÌi�jl`�e<jl_�d[|-q�d[c�nDjl_�`ba >��G|<e qrd�e<gh`b�fh5gke fÌ_�`l_b|}c�a {rc/d�e<gki�c�|�qr`baÎd[c�i/_�d[|<gk{rc�sk�Ì|<c/qrd[i�fbgh`b�
nDjld�e fbc¬| fbjld[e<c�|}e�d�jl_be<c-e}j(i�skjr|<c-e^fbc-i�jl`�e<jl_�d # +5fbc�x�d[jbi�c�a´_�d[c¬gy|!e^fbc!| qrw�c0nÉjld5h5gh`ba�j�h�|/��hYfbc/d[c¬e fbc
{rc/d[e}c�A8�ld}qrx�f¼i�jl`�e qJgh`b|5jl`bsk�%h5gh`ba�j�h<j 	<qrw?>%qr`ba%h5gh`ba�j�h<j�|<gksks
shqU�rc/d[| #

& 6 � .F+w&�( jH> 	[c�i�epgk|�i/d[c/qJe<c�a×nÉjbd=c/qJi�f8x jld[e qPs�i�jl`re}jl_�d>nDjl_�`ba # tbghw�gkshqrd�gh`¼gke<|�x�_�d}x�jr|<c!e}j�q-t�6X&Yo�~
jH> 	[c�i�e/�=e^fbc�6 � .F+w&�( jH> 	[c�i�e�gk|8qG_�`bgye×jJnYa´qJe qme f�qPe�gh`bi�sh_ba�c�|¼gæ`�nDjld<w×qJe<gkjl`Îqo> jl_be�e fbc%�rc�jlw�c�e^d[�
jJn!e fbc@x�jbd[e qJs�i�jl`�e<jl_�d���x�jrgh`�e<c/d[|(e<jG| x�qPi�c�|8e f�qPeÍq�d[c%i�jl`�`bc�i�e<c�aS>�� e^fbc@x�jld[e^qJsD��qJ|�h�c�sksYqP|�j�e fbc/d
gh`�nÉjbd<w(qJe<gkjl`×e f�qJe�gk|�_be}gyskg ��c�a@gh`×e fbc6c�Ale d}_b|<gkjl`8x�f�qP|<c # &2skgæ`��Pc�a@skgk|<e�jJnF6 � .O+�&)(GjH> 	[c�i�e<|�gy|�i/d[c/qPe<c�a #

� `bi�c�e fbc�skgy|}e<|!jJn�t�6X&Yo5~åq�`baL6 � .F+w&)(ÎjH> 	[c�i�e<|!qrd[c¬i�jlw(xbskc�e<cr�	qr`�qJsk�b|<gk|!gk|-x�c/d�nDjld<w�c�aGe<j¼a�jl_�>bsk�
skgh`��8x jld[e qJsk|5qr`ba¼e fbc6| x�qJi�c�|�e fbc���i�jl`�`bc�i�e # $åfbc/d[c!q�x�jld�e qJs´qr`ba%q¬| x�qJi�c6| f�qrd[cYq�`(c�a��rcr�be fbc!x�jbd[e qJs

�oc



Space occupied

Rm. 1 Rm. 3Rm. 2

Door contour

@=gk�l_�d[c " ���B6>jld[e qJs³i�jl`�e<jl_�d5qr`ba%i�jbd<d[c�| x jl`ba�gh`b�*�JzØ��c�jlw�c�e d[� #

jH> 	[c�i�e6gy|¬�rgk{rc/`Gq8x jrgh`re}c/d!e<j¼e f�qJe6| x�qJi�c�jH> 	[c�i�e/��qr`baGe f�qJe6| x�qJi�c�jH> 	[c�i�e6gy|¬�rgk{rc/`Gq8x jrgh`re}c/d!e<j¼e fbc
x�jbd[e qJs�jH> 	[c�i�e # +5fbgk|�i�jl`�`bc�i�e<gk{bgye[�Ìgh`�nÉjld}w(qJe<gkjl` gk|Í_b|}c^nÔ_bs�gh`Ñ|}c�{rc/d<qJs�h�qU�b| # @=ghd[|<eU�ºq nÉe<c/d0c�Ale^d<_b|<gkjl`
a´_�d[gh`b�%�JzØc�a�gke<gh`b�´�´g n�q(x jld[e qPs¸jbx�c/`bgh`b� 
 |6a�ghw�c/`b|<gkjl`b|-qrd[c-wÍjla�g4�´c�a	�³e fbc!jlx�c/`bgh`b�%gh`%c/qPiRf%qJa 	<qJi�c/`�e
| x�qJi�c�
 | h5qJsks
w�_b|<e5qJsk|<j�> c�w�jba�g4�´c�a # +5fbc6skgh`��f>�c�eyh�c�c/`×e fbc-x�jld�e qJs�jH> 	[c�i�e5qr`ba%gke<|YqJa 	<qJi�c/`�e�|^x�qJi�c�|
x�d[jJ{bgya�c�|¼gh`b|<e qr`�e8�b`bj�h5skc�a��rc@jJn)hYf�qJe�| x�qPi�c�|*`bc�c�aße<j�>�cGd[cej�c�Abe d<_ba�c�aÖe}j d�ced´c�i�e8e fbc%i�f�qr`b�rc�|¼e<j
e fbc8x jld[e qPs 
 |-�rc�jlwÍc�e d[� # 8�`ÌqJa�a�gke<gkjl`��>e fbc¼i�jl`�`bc�i�e<gk{lgke[�Ñgh`�nDjld<w(qJe}gyjb`Ñgk|�_b|}c^nÔ_bs<hYfbc/` e fbc8d[c�|^_bsye}gæ`b�
w�jba�c�sHh�gysks�> c�{bgkc�h�c�aÍ_b|}gæ`b�-qVh5qJsh�re^f�d[jl_b�lf0|<�l|}e<c/wåe^f�qJe
d[c�v�_bghd[c�|=| x�c�i�g4�´i/qJe}gyjb`�jJn´| _bi�f¬i�jl`�`bc�i�e<gk{lgke[�
gh`�nÉjbd<w(qJe<gkjl`¼gh`Ùjld[a�c/d�e<j¼x�c/d�nDjld<w9{bgk|<gt>bgksygke[�Gi�jlw(x�_be qPe<gkjl`b|5e f�qJe�c/`�f�qr`bi�c(d[c/`ba�c/d�gæ`b�¼| x c�c�a #

�	��� % 7 )�� 6 #�
 � 
�'-+�
 � 12
�)�� ) � 6 4 ��/ � 7

6pd�gyjbd>e<jYc�Abe d<_b|}gyjb`��re fbc5_b|<c/d=f�qJ|=e^fbc�jbxbe<gkjl`¬e<j!skjlqJa(q!d[ced´c�i�e<c�a�i�c�gkskgæ`b�¼xbsæq�` �_.�oV6 ����hYfbgkiRfÍ| x�c�i�g4�´c�|
i�c�gkskgæ`b��jH> 	­c�i�e<|�| _biRf�qJ|>skgk�lfre}|pqr`ba-| x�d�gæ`���skc/d[|/��qr`ba¬a�c/`bjre<c�|pd[c��rgkjl`b|>jJn´e fbc�i�c�gkskgh`b�-e f�qJe=f�qU{rcpa�g 
	c/d[c/`�e
fbc�gk�lf�e<| # +5fbgk|[.�ced´c�i�e<c�aÑo�c�gkskgh`b�f6=shqr`%gk|!qr`%qrd[i�fbgke<c�i�e�
 |�|<e qr`ba´qrd�a@w�c/qr`b|5jJn=| x c�i�g�nD�bgæ`b�%e^fbc!{ qrd[gkjl_b|
a�g 
	c/d[c/`re�i�c�gksygh`b�8fbc�gk�lf�e<|�nDjld=d[c��rgkjl`b|�jl`�e fbc<d´jbjld�xbsæq�` # +5fbcYd[c���gyjb`b|�qrd[c�a�c/`bjre<c�aW>���a�gæqP�rjl`�qJsk|�e f�qJe
| x c�i�g�nD�Îe fbc¼c�AWqPi�e�skjbi/qJe<gkjl`ßqr`ba a�ghw�c/`b|}gyjb`ÎjJnYe^fbc%i�jld<d[c�| x jl`ba�gh`b� d[c�i�e q�`b�l_bshqrd�d[c��rgkjl` # +�fbc@_b|<c/d
w�_b|<eb> c*q�>bsyc%e}j@| x c�i�g�nD�Ìe fbc8fbc�gk�lf�e�jPnYc/qJi�fGgh`ba�gy{bgka´_�qJs).�oV6Ød[c��rgkjl`��=e fbc/d�c^nÉjld�cr�
e^fbc8| x�qPi�c*w�_b|<e
>�c�x�qrd[e<gke<gkjl`bc�aGqJi�i�jld[a�gh`b�¼e<j(e fbc3> jl_�`ba´qrd[gkc�|!jJn>e fbcb.�o-6ßd[c��rgkjl`b|6gye�i�jl`re^qJgh`b|/�´d[c�| _bske<gh`b�%gh`%|}c�{rc/d<qJs
a�gk|<e<gh`bi�e6| x�qJi�c�|/hYfbjr|<c-x�d[jbx�c/d[e<gkc�| �Ågh`bi�sh_ba�gæ`b�%i�c�gkskgh`b�Nfbc�gk�lf�e �5qrd�c!gæ`ba�gk{bgka´_�qJsksh�ÑqJa�a´d[c�|<| q�>bsyc #

+5fbc�gh`�x�_be3.�o-62i�jl`b|<gk|<e}|!jJnpa�ghqJ�rjl`�qJsk|/��jbdYx�qJghd[|6jJn�a�gæqP�rjl`�qJs>skgæ`bc×|<c��lw�c/`�e<|6�ld[jl_�x c�aNgh`�e<j%q¼|<gh`b�rskc
shqU�rc/d # @=gk�l_�d[c "�" | fbj�h5|�e fbc�d�ced´c�i�e<c�a%i�c�gksygh`b�Gxbsæq�`¼nDjld�e fbc)d´jbjld5xbshqr`Ù| fbj�hY`¼gh`%@=gk�l_�d[c : #

Y���k �N� ��
w��������I]�O�P�EQSv2���N�M�_�EQS����Q���	���n�	w� �mv?s

~pqPiRfm.�o-6Îa�ghqJ�rjb`�qJs�c�a��rc!gk|5iRfbc�i��Jc�a%e<j�|<c�c!g n=gke5gk|5jl`bc6jJnºqr`¼gh`�e<c/d[|<c�i�e<gh`b�8x�qPgæd�jJna.�o-6Îc�a���c�|5e f�qJe
>�j�e f�a�ce�¸`bc6e fbc5| qrwÍc�d�c�i�e qr`b�rskc # � `bsk�(jl`bc�a�gæqP�rjl`�qJs�gk|�`bc�i�c�|}| qrd[��e<j!a�ce�¸`bc6e fbcYd[c�i�e^qr`b�l_bshqrdpd�c��rgkjl` #
@´jbd�c/qJi�f@|^_biRfmx�qJghd��´jb`bc�jPnºe fbc�a�ghqJ�rjb`�qJsk|Ygk|!a�gk|<i/qrd[a�c�a # @³jld�c/qJi�f%jJnpe^fbc�d[c/w(qPgæ`bgh`b�%a�ghqJ�rjb`�qJsk|/�	qr`
.�o-6Oj � ���l~�o-+Øgk|¬i/d[c/qJe<c�a	�EhYfbgki�fGi�jl`�e qJgh`b|!e fbc(i�jbjld[a�gh`�qJe}c�|!jJn�e fbc×a�gæqP�rjl`�qJs>c/`ba´x�jrgh`�e<|/�>e fbc¬nDjl_�d
c�a��rc�|=e f�qPe>nÉjld}wåe fbc/>�jl_�`ba�gh`b�b> j�A�qrd[jb_�`ba(e fbc�a�ghqJ�rjl`�qJs´q�`ba�e^fl_b|=a�ce�¸`bc5e^fbcYd[c��rgkjl`��rqr`ba¼qYx jrgh`re<c/d
e<j(e^fbc-t�6�&6o5~Îe f�qPe�c/`bi�skjr|}c�|!e f�qJe5d[c��rgkjl` #

���



@=gk�l_�d[c "�" �^.�ced´c�i�e<c�ami�c�gksygh`b�Gxbsæq�` #

� "



Y���k �t� v3	E�����������_��Q���vbs ���HQE�t	w��n

� nDe<c/`��pe^fbcf>�jl_�`ba´qrd�� c�a��rc�|×jJn#c/qPiRf�.�o-6Ød[c���gyjb`Ìa�j `bjre(i�jld}d[c�i�e<sk� w×qJe<i�fxh5gke fÌe^fbc@_�`ba�c/d[sk�lgh`b�
| x�qJi�c��>e fbc/d�c-w(qU� > c#q¬| w×qJsks¸�bqrx�>�c�eyh�c�c/`¼q�d�c��rgkjl`8q�`ba8e fbc/h5qJsks�gye�gk|�gh`re<c/`ba�c�ame<jb> c#qPa 	�qJi�c/`�e�e<j´�
jld�e fbc/d[c(w(qU�f>�c×j {�c/d[shqrx # +5fbc�|<c(x�d[j�>bsyc/wÍ|-qrd[c�i�jld<d[c�i�e}c�aL>��@|^`�qrx�xbgh`b�@e fbc?.�oV6åd[c��rgkjl`b|-qJ�bqJgh`b|<e
h5qJsksk|Ye fbc��%qrd[c!{�c/d[�8i�skjr|}c!e<j #

1b

1

2
3

1

2
3

1

3

2

3

2

1

c) Regions 1 and 3 overlap;
gap between regions 1 and 2

d) Region 1 shrunk to right;
region 2 expanded upward

and space marked by X snapped correctly
a) Intersection of diagonal b) Diagonal endpoints

3a

1a

3b

@=gk�l_�d[c " � �F@=g�Abgh`b�*d[ced´c�i�e}c�a@i�c�gkskgæ`b�Gxbshqr` #

�r�



+5fbc!| `�q�x�xbgæ`b�%jPna.�o-6Öd[c���gyjb`b|[h�jld<��|5qJ|�nDjrskskj�h�|��

@´jld�c/qJi�f¼c/`ba´x�jrgh`�e!jJnpqr`%.�o-6Öd[c���gyjb`¼a�gæqP�rjl`�qJsD�

� # ~BAbe<c/`ba%e fbc!a�ghqJ�rjl`�qPs	skgæ`bc�> c��rjl`ba@e^f�qJe�c/`ba´x�jrgh`�e #
" # @=gæ`bame fbc/�¸d[|<e�jJn
e fbc¬| x�qJi�c�
 |5c�a���c�|5e f�qJe5gk|5gh`�e<c/d[|<c�i�e}c�a #
� # 8Ån=e fbc!gh`re<c/d�|<c�i�e<gkjl`@x jrgh`re �N@=gk�l_�d[c " �rq�jY�/q�qr`baG�rq���gk|Yi�skjr|<c¬e<j�e fbc!c/`ba´x�j�gæ`�e/�

�Dq �%8Ån=e fbc!gh`re<c/d�|<c�i�e<gkjl`@x jrgh`re6gk|#`bc/q�d5qr`¼c�Abgy|}e<gh`b�8| x�qPi�c-{rc/d[e}c�A �N@=gk�l_�d[c " ��q�jY�/q�����w�jJ{rc
e fbc!c/`ba´x�jrgh`�eYe}j(e f�qJe�{rc/d[e}c�A �N@=gk�l_�d�c " �o>�jY��>�� #

�P>��Ùc�sy|}c � @=gy�b_�d[c " ��q�j��rq����³w�jJ{rc!e fbc�c/`ba´x�jrgh`�e!e<j(e fbc�gh`�e<c/d[|<c�i�e<gkjl`Gx jrgh`re �N@=gk�l_�d[c " �o>�j
�o>�� #

: # c�sy|}c �Ågh`�e<c/d[|<c�i�e<gkjl`%x jrgh`re6gk|#`bj�e5i�skjr|<c-e}j�c/`ba´x jrgh`re ���
�Dq �%8Ånpe fbc¬c/`ba´x�jrgh`�e-gke<|<c�s n�gk|!i�skjr|<c¬e<j%qr`%c�Abgk|<e<gh`b�%| x�qJi�c�{rc/d[e}c�A¸�´wÍj {�c-e fbc¬c/`ba´x�jrgh`�e-e<j

e f�qJe�{rc/d[e<c�A #
�P>��Ùc�sy|}cr��| `�qrxÙe fbc!c/`ba´x�jrgh`�eYe}j(e fbc/d´jbjld5xbshqr`%�bd[gka #

�l_b|<e-qP|!e fbc�.�oV6 d�c��rgkjl`b|�w(qU�@`bjre6skgh`bc*_�xgh5gke fGe^fbc�gæd!_�`ba�c/d�sy�bgh`b�G| x�qJi�c�|/�	w�_bske<ghxbskc�.�o-6åd�c��rgkjl`b|
w(qU� `bjre�> cNx�d[jlx c/d[sk�ÖqJa 	<qJi�c/`re�e<jGjl`bc@q�`bjre fbc/d # +5fbgk|8i/qr`Îd�c�| _bske(gh`Ì{rc/d[�Ìe fbgh`Ìgæw×xbsygki�gkeNd�c��rgkjl`b|
>�c�eyh�c�c/`ße fbc@|^x�c�i�g4�´c�aãd�c��rgkjl`b| # � � ;,| f�d[gh`���|%jld(c�A�x�qr`ba�|@d[c���gyjb`b|*qrx�x�d�jlx�d[ghqJe<c�sk�Öe}j c�skghw�gh`�qJe<c
e fbc�|<c!c/d}d[jld[| # +5fbc-qJsk�rjld[gke f�w �

@´jld�c/qJi�f%x�qJghd5jPn
.�o-6ßd[c��rgkjl`b|5gh`%e^fbc-| x�qJi�c � @=gy�b_�d[c " �Ji����

@´jld�qJsks
x�qJghd[|6jJn=c�a��rc�|��Åjb`bc!c/qJiRf×n�d[jlw c/qJiRf%.�o-6ßd[c��rgkjl`���e^f�qJeYqrd[c!i�skjr|}c�qr`ba@x�qrd}qJsksyc�sD�
� # 6=gkiR�¼e^f�qJeYc�a���c�~2`bjre6i�jl`��¸`bc�ax>r�me fbcb> jl_�`ba´qrd[�%jJnpe^fbc-| x�qJi�cr��e^f�qJe5gk|-q8wÍc/wb> c/d

jJn
e fbc¬| w(qJskskc/d5jPn
e fbc-eyh�j�.�o-6Öd[c���gyjb`b| #
" # � jJ{rc(~ �Å�ld[j�h5gh`b�%jld0| f�d[gh`���gæ`b� e fbc(| w(qPsyskc/d?.�o-6�d[c��rgkjl`����>|<jme f�qJe-~ gy|�i�jrskskgh`bc/qrd
h5gke f¼c�a��rc!n�d[jlw shqrd[��c/d-.�o-6Öd[c���gyjb` �N@=gk�l_�d[c " �Ja � #

&�nÉe<c/d�i�jld<d�c�i�e<gkjl`¬jJn´e fbc�|<c-.�o-6Ñd[c���gyjb`b|/�Je fbc5_�`ba�c/d[sk�lgh`b��| x�qJi�c�i/qr`2>�cYx�q�d[e<gke<gkjl`bc�a(qJskjl`b�!e fbc->�jb_�`ba�j
qrd[gkc�|6jJn=e fbcb.�o-62d[c��rgkjl`b| # \ jre}c-e f�qJe6qrd[c/qJ|5jb`%e fbc�_�`ba�c/d[sk�lgh`b�%| x�qJi�c�e f�qPeYqrd[c-`bjre6i�jJ{rc/d[c�af>��@qr`
.�o-6Öd�c��rgkjl`@qrd�cYghw(xbskgki�gke<sh�Ñd[c��rgkjl`b|5e^fbc/w�|<c�sk{rc�|/�XhYfbgkiRfmqJi�v�_bgæd�c-a�c^n�qr_bske5i�c�gksygh`b�Gfbc�gy�bfre<| #

Y���k �t! K?���H�� ��_�EQ��e��p ��p���� ��n����W�mvbs ����Q���	��SK2	��O��
w�����t��n

t�x�qJi�c�|Gqrd[cNx�q�d[e<gke<gkjl`bc�a'qJskjl`b�S.�o-6�d[c��rgkjl` > jl_�`ba´qrd[gkc�| >�� x c/d�nDjld<w�gh`b�S>�jbjrskc/qr`2|^_�>be d<qJi�e<gkjl`ßjJn
x�j�sy�b�rjl`b|��=c/qJi�fW.�o-6Îd[c���gyjb`(gk|�| _�>be d<qPi�e<c�a(n�d[jlw e fbc!_�`ba�c/d[sk�lgh`b�¼| x�qJi�c6gæ`¼|^_bi�i�c�|<|<gkjl` # +5fbcYjbd[gk�rgh`�qJs
| x�qJi�c¼gk|�e fbc/` d�c/xbsæqPi�c�aS>r�Ñe^fbc8�ld�jl_�xGjJn#`bc�h¬�
|^w(qJskskc/d�| x�qJi�c�|�e f�qJe�d[c�| _bske¬nÔd�jlwÕe fbc%x�qrd[e}gye}gyjb`bgæ`b�
jlx c/d<qJe<gkjl` # +5fbc@`bjl`�j��rc�jlwÍc�e d[gki%gh`�nÉjld}w(qJe<gkjl`ÎqJ|}|<jli�ghqJe}c�a�h5gke fÌe^fbc%jld[gk�rgh`�qJs�| x�qJi�cr��| _bi�fÎqJ|(`�qrw�c
qr`ba¼e[�Wx cr�lgk|5e^d<qr`b|[nDc/d<d[c�a¼e<j-c/qPiRf¼`bc�hå| x�qJi�c # ~;a��rcYe[��x�c�|/�b| _bi�f%qJ| � � QDS/T �ÅZrT � � M���� jld � � � �rZ � ��O ����� qrd[c
e d<q�`b|[nÉc/d}d[c�a8e}j-e fbc!`bc�hå| x�qJi�c6c�a��rc�|-h6fbc/d[c#q�x�xbsygki/qo>bskc���jJn>i�jl_�d[|<cr��`bc�h2c�a��rc�|�e f�qJe<h�c/d[c6i/d[c/qJe<c�a%>r�
e fbc-x�qrd�e<gke<gkjl`bgh`b�8jlx c/d<qJe<gkjl`mqrd[c!�rgk{rc/`¼e^fbc-| x c�i�gæqPs
e[��x�c Z�	�S �(|}j�e^f�qJe5e fbc��%qrd[c-`bjre�c�Ale d}_ba�c�a #

� :



� �å�0���³
	�>&�:=
>� �0� �6.Ñ
>��� ���������������������������0���6"%+ �¬)(��"

o�jl`b|}e d<_bi�e<gkjl`ÌjJn-qGi�jl`b|}gy|}e<c/`re¼�Jz�w�jba�c�s5jJn!e fbcmd´jljbd�gk|*x jr|<|<gt>bskcGjl`bi�c%e fbc%d´jbjld(xbshqr`ßf�qJ|W> c�c/`
i�jld<d�c�i�e<c�a qr`ba q�`�qJsk����c�a # @=gk�l_�d[c " : | fbj�h5|!e fbc¼�Jz d´jljld¬w�jba�c�s=nDjld6e fbc?��nDe fgd´jbjld!jPn�tbjba´qf,6qJsksÉ�
hYfbgki�f%i�jld<d�c�| x�jl`ba�|6e<j�e fbc/d´jbjld5xbshqr`Ù| fbj�hY`¼gh`%@=gk�l_�d[c : #

@=gk�l_�d�c " : �B;0c/`bc/d<qJe<c�a@�Jz wÍjla�c�sD��i�c�gkskgh`b�Nx�j�sy�b�rjl`b|�c�Ali�sh_ba�c�amnÉjbd�{lgkc�h5gh`b�%x�_�d<x�j�|<c�| #

+5fbc�i�skc/qr`bc�a�j­_�xLd´jljld!xbshqr` gy|!c�Abe d<_ba�c�a e<j(nDjld<w�e fbc?h5qJsksk|-jJnpe fbc(�Jz3w�jba�c�s # & d´jljbd!qr`baGi�c�gyskgh`b�
x�j�sy�b�rjl` gk|��rc/`bc/d<qJe<c�a nDjld!c/qJi�f | x�qJi�c # z!jbjld[|�qr`baxh5gh`ba�j�h5|�i�jl`b|<gk|<e�jJnYfbjrskc�|(gh` e fbcWh5qJsksk|�jJn5e fbc
i�jl`�`bc�i�e<c�a¼| x�qJi�c�|U�lxbsh_b|5x�jrsk�b�rjl`b|�e f�qJe=i�jl`�`bc�i�e�e fbc6qJa 	�qPi�c/`re=| x�qPi�c�| # +5fbcYx�d�jli�c�|<|}c�|=nDjld=�rc/`bc/d}qJe<gh`b�
e fbc�|<c!i�jbw(x�jl`bc/`�e<|6jJn
e fbc��Jz d´jljld�w�jla�c�s>qrd[c!a�c�|<i/d[gt> c�aNgh`Ùa�c�e qJgks
gh`Ùe fbc!|<c�i�e<gkjl`b|)>�c�skj�h #

� ��
 1 � �*7 + � . '-+�) � � 45/0��/ � 
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+5fbc/d[c�qrd[c-w(q�`r�8x�d�jlx�c/d[e}gyc�|6jJn=e fbc�d�c�| _bske<gh`b�*�Jz wÍjla�c�s	e^f�qJeYqrd[c-`bj�e5a�ghd[c�i�e<sk�%| x�c�i�g4�´c�a�>��¼e fbc " z
d´jbjld5xbshqr` # +5fbc�w�jr|<e5c�|}|<c/`re}gæqPs
jJn=e fbc�|<c¬gk|#fbc�gk�lf�eYgh`�nDjld<w(qPe<gkjl`���hYfbgki�f@gk|!qo>b|<jrsh_be<c�sk�G`bc�i�c�|<| qrd[�¼nDjld
i�jl`b|<e^d<_bi�e<gh`b��e fbc-�Jzå�rc�jbw�c�e d[� # o�skc/qrd[sk�r�´fbc�gk�lf�e5i/qr`¼`bjre->�c!c�Abe d<qPi�e<c�a(n�d[jlw q " z'a´d}q�h�gæ`b��| _bi�f¼qJ|
q2d´jbjld�xbshqr`��´e^fbc/d[c^nÉjbd[cr�be fbc-_b|<c/d5w�_b|<e�| x c�i�g�nD�%e fbc-x�d[jbx�c/d5fbc�gk�lf�e<|5jJn=i�c�gkskgæ`b��|/�´a�jbjld�jbx�c/`bgh`b�r|/��qr`ba
h5gh`ba�j�håjlx c/`bgæ`b��| �N@=gk�l_�d[c " = � #

+5fbc/d[c�c�Algk|<e�w(qr`���`bjl`�j��rc�jbw�c�e d[gki5x�qrd<qrwÍc�e<c/d[|=e f�qJe=e^fbc�_b|}c/dpw(qU��wÍjla�g nD�ÍqP|Bh�c�sks # 8�`��rc/`bc/d<qJsD��e fbc�|<c

� =



Space height

Portal opening height

Portal elevation

@=gy�b_�d[c " = �a,�c�gk�lf�e<|5| x c�i�g��´c�a >r�%_b|<c/d #

x�qrd<q�w�c�e<c/d[|�i�jld<d�c�| x�jl`bame<j(x�d[jlx c/d[e<gkc�|YjPnºe fbc-�Pz w�jla�c�s�| _biRfmqJ|�i�jrskjld[|!qr`ba%e<c�Abe _�d[c�| #

� �N� �N� ��p������xs/�����Ez'�H������n

t�x�qJi�c¼i�jl`b|<e d}_bi�e<gkjl`Ggk|(q�
	c�i�e<c�a�>��Ne^fbc(nDjrskskj�h�gæ`b�Ñx�qrd}qrw�c�e<c/d[|U�
qJskspjPn5h6fbgyi�f i/qr`x>�c¼| x c�i�g��´c�a2qr`ba
w�jba�g4�´c�aL>��¼e fbc-_b|<c/d	�

6=q�d<qrw�c�e<c/d +��Wx c
o�c�gyskgh`b�@fbc�gk�lf�e \ _�wÍc/d[gki ��d´jlqPe �
$ÌqJsks	i�jrskjld �Je}c�Ale _�d�c � ; i�jrskjld5`�qrwÍc
@=skjbjld�i�jrskjld �Je<c�Abe _�d[c � ; i�jrskjld5`�qrwÍc
o�c�gyskgh`b�%i�jrskjld �Pe<c�Ale^_�d[c � ; i�jrskjld5`�qrwÍc
~
Algk|<e}c/`bi�c-jJn=i�c�gksygh`b� ��jljrskc/qr`
~
Algk|<e}c/`bi�c-jJnOd´jljbd ��jljrskc/qr`

+5fbc-_b|<c/d�w(qU�(|^x�c�i�g nÉ�¼{ qPsæ_bc�|�nDjld=e fbc�|}c-x�qrd<qrw�c�e}c/d[|pgh`%q�`l_�w?> c/d�jJnFh5qU�l|����¸d[|<eU�la�c^n�qr_bske�{ qJsh_bc�|6i/qr`
>�c�| x c�i�g4�´c�a	�Fh6fbgyi�fÑqrd�c�_b|<c�aGnDjld6qJsks
|^x�qJi�c�| # tbc�i�jl`ba	��e^fbcÍ_b|}c/d!w(qU�%c�a�gye¬| x�qJi�c(x�qrd<q�w�c�e<c/d[|-h6fbgyskc
{bgyc�h�gæ`b�Ìe fbc " z d´jbjld�xbsæq�`���x�d[gkjldÍe<jG�rc/`bc/d<qJe<gkjl`ÌjPnYe fbc@�JzÕw�jba�c�s # @=gæ`�qPsysk�r��e fbc%_b|<c/d(w×q/� c�a�gye
qm| x�qJi�c�
 |�x�qrd<qrwÍc�e<c/d[|�q nÉe<c/d¬e fbc%�Jz wÍjla�c�s5f�qJ|�>�c�c/`Ì��c/`bc/d<qJe<c�a �=gh`Ìe fbgk|�i/qJ|<cr�;e fbc*� � ;�|<�l|}e<c/w
d[c��rc/`bc/d}qJe<c�|pe^fbc#q�
	c�i�e<c�a¼| x�qJi�c6gh`¼e fbcY�JzØw�jba�c�s # � � ;�_b|<c�|5d[c/qJ|}jl`�qo>bskcYa�c^n�qr_bske5{JqJsh_bc�|5g n
e fbc!_b|<c/d
a�jbc�|#`bjre�| x c�i�g nÉ�m{ qJsh_bc�|�nÉjld�e fbc-x�qrd<qrwÍc�e<c/d[| # t�x�qJi�c¬c�a�gye}gæ`b�¼gk|Yi�jJ{rc/d�c�a%gæ`Ù|<c�i�e<gkjl`m� # � #

� �N� �t� s/	���������s/�����Ez'��������n

tbgh`bi�cGe fbc@fbc�gk�lfre×jJn#c/qPiRfÎx jld[e qJs�jlx c/`bgh`b� �N@=gk�l_�d�c " �rq�����qr`baÎe fbc%c�skc�{ qJe}gyjb`ÎjJn!e fbcf>�qJ|<c%jPn#c/qJi�f
jlx c/`bgæ`b� � @=gy�b_�d[c " ��>���� q�d[cp`bjre>| x�c�i�g4�´c�aW>��!e fbcBd´jbjld>xbshqr`��Je fbc�_b|}c/d
w�_b|<e	|^x�c�i�g nÉ�¬e fbjr|<c�x�qrd<qrwÍc�e<c/d[| #
8�`�qJa�a�gke<gkjl`���e fbcpi�j�syjbd
qr`ba�e<c�Abe _�d[c�jJn´e fbc;nÉjl_�d>x�j�sy�b�rjl`b|=e^f�qJe	i�jl`�`bc�i�e=e fbc�eyh�j�| x�qJi�c�|={bgæq6e^fbc�x�jbd[e qJs
w�_b|<e[> c!| x�c�i�g4�´c�a #

8�`Ù| _�w(w(q�d[�r�be fbc�x�qrd}qrw�c�e<c/d[|5qr`ba%e^fbc�gæd�e[�Wx c�|Yqrd[c��

�r�



a)

b)

@=gk�l_�d[c " � �a6>jbd[e qJs	x�qrd<q�w�c�e<c/d[|�| x c�i�g��´c�ax>��*_b|}c/d #

6=q�d<qrw�c�e<c/d +��Wx c
� x c/`bgh`b�@fbc�gy�bfre \ _�wÍc/d[gki ��d´jlqPe �
��qJ|}c!c�syc�{JqJe<gkjl`mjJn=jlx�c/`bgh`b� \ _�wÍc/d[gki ��d´jlqPe �
o�jrskjld �Je<c�Abe _�d[c � ; i�jrskjld5`�qrwÍc

8�`GqJa�a�gke<gkjl`me<j×e fbc�|<c(x�qrd<qrwÍc�e<c/d[|/�´q¼x�jbd[e qJs Q�� 	�S w×q/�%>�c(qJ|}|<jli�ghqJe}c�a h�gye^f%c/qJi�f@x jld[e qJs # ~pqJi�f%e[��x�c
w(qJgh`�e qJgh`b|�e fbc¼| qrw�c8x�q�d<qrw�c�e<c/d�|-skgk|<e<c�aÖqo> j {�c # 8Én#qr`Ggh`ba�gk{lgka´_�qJs!x�jbd[e qJs�f�qJ|(qr`ÑqJ|<|}jli�ghqJe<c�aÌe[�Wx cr�
e fbc!x�qrd<qrwÍc�e<c/d�{ qJsh_bc�|5jJn>e fbcYe[��x�c-qrd�c#qrx�xbskgkc�a@e}j�e^f�qJe�x jld[e qJs # 6>jbd[e qJs�e[��x�c�|Yqrd�c5a�gk|<i/_b|<|<c�amgæ`%wÍjld[c
a�c�e qJgks	gh`Ù|<c�i�e<gkjl`@� # � # � #

(�gh�Jc¼| x�qJi�c8x�q�d<qrw�c�e<c/d�|/�	x�jld�e qJspx�qrd<q�w�c�e<c/d[|!a�c^n�qr_bske�e<j%|<jlw�c¼d[c/qJ|<jl`�q�>bsyc×{ qJsh_bc�|/�=|}c�e3>r�Ge fbc8_b|}c/d��
hYfbgki�fNq�x�xbsy�me<j8qJsks=x�jld�e qJsk| # ~�qJi�f@x�jbd[e qJs
w×q/�%>�c�|<c�skc�i�e<c�aÑqr`baÑw�jba�g4�´c�ax>r�%e fbc�_b|<c/d6gh`'>�jre fÙe fbc
" zTd´jbjld5xbshqr`mqr`ba%e fbc-�Jz w�jba�c�s	{bgkc�h #
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 �*
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+5fbc-� � ;Ø|<�b|<e<c/w gye}c/d<qJe<c�|5jJ{rc/d�e fbc!skgk|<e6jJnpt�6�&6o5~ÎjH> 	­c�i�e<|5qr`bami/d[c/qJe<c�|�e fbc¬�rc�jlw�c�e^d[��nDjld�e fbc��Jz
d[c/x�d[c�|}c/`re qPe<gkjl`mjJn�c/qJi�fm| x�qJi�c # @´jld�c/qJi�fm| x�qJi�cr�	e^fbc�skgk|<e¬jJnpc�a��rc�|-e^f�qJeYi�jbw(x�d[gk|<c(e fbc�i�skjr|<c�a | x�qJi�c
i�jl`�e<jl_�d0gy|×e d<qU{rc/d[|<c�a # 8�`�nDjld<w×qJe<gkjl` gy|¼w(qJgh`re^qJgh`bc�a�h5gke fÑc/qPiRf c�a��rc%e f�qJe¬a�gki�e qJe<c�|8fbj�h e f�qJe�c�a��rc
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~=a���c�|5n�qJsks	gh`re}j8e f�d�c�c-i/qJe<c���jld[gkc�|/�³c/qJiRfÙjJnBhYfbgkiRfmgk|Yc�Abe d<_ba�c�ama�g 
Ïc/d�c/`re<sk���5q � M � � c�a���c-gk|#_�`bgkv�_bc(e<j
e fbc(|^x�qJi�c�>�c�gh`b�Gc�Ale d}_ba�c�a qr`baÑgk|-c�Abe d<_ba�c�a gæ`�e<jGq%d[c�i�e qr`b�rskc # & O��lMrT[S ���
	WZ�T QDM�� c�a��rc(gk|�q%i�jl`�e<jl_�d
c�a��rc5e^f�qJepgk|p|^f�qrd[c�amh5gke f(qr`(qPa 	�qJi�c/`�e�x jld[e qPs # &2| f�qrd�c�a�j­x�jld[e^qJs´c�a��rc�gy|�c�Abe d<_ba�c�a¼gh`re<j¬eyh�j6|<c/x�qrd}qJe<c
d[c�i�e q�`b�rskc�|��bjl`bc5n�d[jlw e fbc)>�jre<e}jlwØjJn	e fbc6| x�qJi�c6e<j¬e fbc[>�j�e<e<jlw jJn	e fbc#x jld[e qPsÉ��qr`ba¼jl`bc�nÔd�jlwØe fbc�e<jlx
jJn=e fbc-x�jbd[e qJs	e}j(e fbc!e<jlx¼jPnºe fbc!|^x�qJi�c # & O��lMrT[Se� ��O�	WM�] S c�a��rc¬gk|Y| f�q�d[c�a%h5gke f@q�`%qJa 	�qPi�c/`re5|^x�qJi�c # &
| f�qrd�c�a�j�| x�qJi�c¼c�a��rc(gk|(`bjre!c�Ale^d<_ba�c�a	�=_�`bsyc�|}|�e^fbc8i�c�gkskgh`b� fbc�gk�lfre¬jJn5e fbc8qJa 	<qJi�c/`�e-| x�qPi�c(gk|�a�g 
	c/d[c/`�e
n�d[jlw e fbcp| x�qPi�c >�c�gh`b�¬c�Ale d}_ba�c�a # &6sks´x�jrsk�b�rjl`b|>i/d[c/qJe<c�a�e f�d�jl_b�lf!c�a���cpc�Abe d<_b|<gkjl`�qrd[c�jld[gkc/`�e<c�a�e<j�h�q�d[a
e fbc(gh`�e<c/d[gkjld¬jJn�e fbc8|^x�qJi�cW>�c�gh`b�Gc�Abe d<_ba�c�a �=e f�qPe-gk|/�>e fbc8`bjld}w(qJs=e<j%c/qJi�fÌx�jrsk�b�rjl`Ñx�qJ|}|<c�|-e f�d�jl_b�lf
e fbc-d[jbjlw9{�jrsh_�w�c �N@=gk�l_�d[c "oi � #

+5fbc�nÉj�syskj�h5gh`b�(|<c�i�e}gyjb`b|5i�jl`�e qJgh`(a�c�e^qJgksyc�ama�c�|<i/d[ghxbe<gkjl`b|5jPnºfbj�hÖc/qJi�f¼e[�Wx cYjJn	c�a��rc!gk|5f�qr`ba�skc�a@a´_�d�gæ`b�
e fbc!c�Abe d<_b|<gkjl`mx�d[jbi�c�|<| #
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~pqPiRf h�qPsysbc�a��rc�gk|=c�Ale^d<_ba�c�a�e<j5nDjld<w�q6d[c�i�e qr`b�l_bshqrdOh5qJsks�x�jrsk�b�rjl` �N@=gk�l_�d[c " ` � # +5fbc�x jrsk�l��jl`¬c�Ale<c/`ba�|
gh` �mnÔd�jlw3e^fbcb>�j�e<e<jlw9jPnºe fbc¬| x�qJi�c � ����gh`g@=gk�l_�d[c " ` ��e<j(e^fbc-e<jlxÙjJn=e fbc-| x�qPi�c � ���=gh`g@=gk�l_�d[c " ` � #
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c�Abe d<_ba�c�a # +5fbcG{ qPsæ_bc nDjld ���(gk|N_b|^_�qJsksy� c�vW_�qJs!e}j e fbc j 
	|<c�e8jPn�e fbcgd´jbjld¼gke<|<c�s n�nÔd[jbw e fbcx>�qJ|<c
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&�|^x�qJi�cGi�jl`re}jl_�d(c�a���cNe^f�qJe8gk|m| f�qrd[c�a�>r�2qr`2qJa 	�qPi�c/`re%6 � .O+�&)( jH> 	[c�i�e8gk|%c�Abe d<_ba�c�aågh`�e<jÌe h�j
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��pq�`ba ����� 	����������b{ qJsh_bc�|5qrd[c�e fbc5|^qrw�c # +5fbcY_�x�x c/dpx�j�sy�b�rjl`Íc�Ale<c/`ba�|
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c�Abe d<_ba�c�a # +5fbcm{ qJsh_bc�|¼nDjld � ��� 	���������� qr`ba � ��� 	������
��� qrd[c%j�>be qJgh`bc�aßnÔd[jbw4e fbcf6 � .O+w&�( jH> 	[c�i�e(e f�qJe
| f�qrd�c�|5e fbc!c�a��rc?>�c�gh`b�8c�Abe d<_ba�c�a #
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&2| x�qJi�c5i�jb`re<jb_�d>c�a��rcYe^f�qJe=gk|p| f�qrd�c�aW>r�(qr`bj�e fbc/d>| x�qJi�c6gk|p�rc/`bc/d<qPsysk�8`bj�e=c�Ale d}_ba�c�a # +5fbgk|�gy|<>�c�i/qr_b|}c
| f�qrd�c�a(c�a��rc�| > c�eyh�c�c/`×| x�qJi�c�|�w(qU�-jl`bsk�(c�Abgk|<e=nDjld>eyh�j-d[c/qJ|<jb`b|��	c�gke fbc/d�e fbcY_b|}c/dpx�qrd[e}gye}gyjb`bc�a*q0|<gh`b�rskc
| x�qJi�c�gh`�e<j@eyh�j(| x�qJi�c�|�w(qr`b_�qJsksk�r�	jld!� � ; >�d[jl�Jc(_�xÑq¼|<gh`b�rskc(i�jb`bi/q/{�c�|^x�qJi�c(gh`re}j%e h�j¼gh`ba�gy{bgka´_�qJs
i�jl`�{rc�AÑ| x�qPi�c�| # 8�`�>�jre^fÑi/qJ|}c�|/�>e fbc/d[c¼gy|¼`bjNqJi�e _�qPs�x�f��b|<gki/qJs->�jl_�`ba´qrd���>�c�eyh�c�c/`Ñe^fbc%e h�j%| x�qPi�c�| #
,�j�h�c�{rc/d��´e fbc�c�a��rc�gk|!c�Abe d<_ba�c�aÑg n�e^fbc�i�c�gkskgh`b�Ñfbc�gy�bfre<|!jPn�e fbc�eyh�j(| x�qJi�c�|!e f�qPeY| f�q�d[c�e fbc�c�a��rc(qrd[c
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	c/d[c/`re # 8�`%e fbgk|5i/qJ|}cr�´q(d[c�i�e q�`b�l_bshqrdYx jrsk�l��jl`%gk|5�rc/`bc/d}qJe<c�a � @=gy�b_�d[c-�oc�����hYfbgki�f%c�Abe<c/`ba�|�nÔd[jbw9e fbc
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+5fbc!{JqJsh_bc�|6nÉjld ���6qr`ba ���pq�d[c!jH>be qJgh`bc�aÙnÔd[jbw e^fbc!e h�j(t�6X&Yo5~ jH> 	[c�i�e<|5e f�qJe�| f�q�d[c!e fbc-c�a���c #
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+5fbc6nDjrskskj�h�gæ`b�¼e qo>bskc¬| _�w(w(qrd�g ��c�|6c�Abe d<_b|<gkjl`¼jJn=| x�qJi�c!i�jb`re<jb_�d�c�a��rc�|��
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|^x�qJi�c t�6X&Yo5~ßjH> 	[c�i�e

+	jlx¼jPn
| x�qJi�c t�6X&Yo5~ßjH> 	[c�i�e
t�f�q�d[c�a�j­x�jld�e qJs " d�c�i�e qr`b�rskc�| �pj�e<e<jlw jJn
|^x�qJi�c t�6X&Yo5~ßjH> 	[c�i�e

+	jlx¼jPn
| x�qJi�c t�6X&Yo5~ßjH> 	[c�i�e
�pj�e<e<jlw jJnºx jld[e qPs &6a 	�qJi�c/`�e)6 � .O+�&)(Ñj�> 	­c�i�e
+	jlx¼jPnºx�jld�e qJs &6a 	�qJi�c/`�e)6 � .O+�&)(Ñj�> 	­c�i�e

t�f�q�d[c�a�j�| x�qJi�c c�jbdY�¬d[c�i�e qr`b�rskc +	jlx¼jPn
| x�qJi�c t�6X&Yo5~ßjH> 	[c�i�e
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~BAbe d<_ba�c�a%|^x�qJi�c�|Y_b| _�qJsksk�@gh`bi�sh_ba�c(q¬i�c�gyskgh`b� �Åa�j�hY`�h5qrd[a�jDn�qJi�gh`b�Íx jrsk�l��jl`��5qr`ba d´jljld �D_�x�h5qrd[a�jDn�qJi�gh`b�
x�j�sy�b�rjl`�� �N@=gk�l_�d[c8� ��� # +5fbc/d[c8qrd�c(|<jlw�c�| x�qPi�c�|!nDjld/hYfbgkiRfÌq�d´jbjld-qr`ba��Pjld6i�c�gksygh`b�Ñgk|�_�`�`bc�i�c�|<| qrd[� #
@´jbd=c�A�qrw(xbskcr�b|<e qJghdyh5qU��qr`ba¼c�skc�{ qJe}jld=| f�q nÉe<|�e d<qU{rc/d[|}c�w�_bske<ghxbskc/d´jljbd[|pjJn	e fbc)>�_bgkska�gæ`b�³�¸qr`ba×e fbc/d[c^nDjld[c
f�qU{rc!`bc�gye^fbc/d5q d´jljld�jld;i�c�gksygh`b�%c�Abi�c/xbe�nÉjld�e fbc6{rc/d[�m>�jre<e}jlwØjJn>e fbcY|^f�qUnÉe��Dq�d´jljbd�x jrsk�l��jl`��5qr`ba¼e fbc
{rc/d[�¼e<jlx¼jPn
e fbc-|^f�qUnÉe��DqÍi�c�gyskgh`b�@x�j�sy�b�rjl`�� #

� � � � � � �
� � � � � � �
� � � � � � �

� � � � � � �
� � � � � � �Ceiling

Floor

@=gy�b_�d[c���� �ºo�c�gyskgh`b�@qr`ba d´jljld�x jrsk�l�rjb`b| #

$ qJsks=c�Abe d<_b|<gkjl`mgk|�q 
Ïc�i�e}c�a >��@e fbc�c�Abgy|}e<c/`bi�c(jJn�d´jljld6qr`baGi�c�gkskgæ`b�Ìx�jrsk�b�rjl`b| # 8Én�q¼| x�qPi�c�gk|-w(q�d<�Jc�a
h5gke f×e fbc<d¸qJ�¬| x�c�i�g nD�lgh`b�8`bj�epe<j¬�rc/`bc/d<qJe<c6q/d´jbjld��re^fbc/`(e fbc/>�jre<e}jlwØjJn	e fbc�| x�qJi�c �Dqr`ba(e fbc/d�c^nÉjld�c5e fbc
>�qJ|<c¬jJn=c/qJiRf h5qJsks	gh`%e f�qJe�| x�qJi�c��Vh5gksysB>�c�|<c�e�e<j(e fbc¬{ qJsh_bc�jJn=e fbcb>�qJ|}c!c�syc�{JqJe<gkjl`mnDjld�e^fbc!c/`re<ghd[c(�Jz
w�jba�c�s	jJn=e f�qJe<d´jbjld�skc�{rc�sD�³gh`b|<e<c/qJamjJnºe^fbc-d<qJgk|<c�a%d´jbjld�j 
Ï|}c�e # +5fbgk|Ygk|!`bc�i�c�|<| qrd[�%|}j(e f�qJe�| f�qUnDeyj�e[��x�c
| x�qJi�c�|¬jl`ÌqJa 	�qPi�c/`re/d´jbjld!skc�{rc�sk|�h�gysks�c�A�fbg >bgke(x�d[jlx c/d¬i�jl`�`bc�i�e<gk{lgke[��>��G| f�qrd[gh`b�Gc�a��rc�|/�>d<qJe fbc/d0e f�qr`
>�c�gh`b�¼|<c/x�qrd<qPe<c�af>r�@q�`¼gæ`�e<c/d[|}e<gki�c-c�v�_�qJs	e<j�e fbc�d<qJgk|<c�amd´jbjld�j 
	|<c�e #

+5fbcmc�Ale<c/d�gyjbd(jJn-e^fbc >�_bgkska�gæ`b�2gk|¼�rc/`bc/d<qJe<c�aßgh`Öe^fbc@| qrwÍcfh5qU� qJ|¼e fbcmgæ`�e<c/d[gkjld¼|^x�qJi�c�|/�<h5gke f e h�j
c�Abi�c/xbe<gkjl`b| # @=ghd[|<e/��e fbc%c�Abe<c/d[gkjld�h5qJsks5c�Ale}c/`ba�|8a�j�hY`Ìe<j e fbc >�qJ|}c%c�syc�{JqJe<gkjl`ßjJn!e f�qJe(skc�{rc�s6jJn!e fbc
>�_bgkska�gæ`b�³�	d<qJe fbc/d�e^f�qJe5e fbc-fbc�gk�lf�eYjPn
e fbc�d}qJgk|<c�a@gh`�e<c/d[gkjld�d´jbjld[| # tbc�i�jl`ba	�´e^fbc-x�jrsk�b�rjl`b|!qrd[c!jld[gkc/`�e<c�a
e<j(e^fbc!jl_be<|<gka�c-jPn
e fbcb>�_bgkska�gh`b�´�	d<qJe^fbc/d�e f�qr`¼e fbc!gh`�e<c/d[gkjld #

8�`ße<j�e qJsD�5x�d[jlx c/d¼i�jl`�`bc�i�e<gk{lgke[�2jJn-e fbcÑx�j�sy�b�rjl`b|%��c/`bc/d<qJe<c�aßnDjld(c/qPiRf | x�qJi�cGgk|%�l_�qrd<qr`�e<c�c�a	��|<gh`bi�c
e fbc2d´jbjld!xbshqr`Gi�skc/qr`b_�x qr`baÑqr`�qPsy�b|<gk|�x�d�jla´_bi�c�|¬jl`bsk�Ni�skjr|}c�a	�
`bjl`�j�|<c�s nNj�gh`re<c/d�|<c�i�e<gh`b�Gi�jl`re}jl_�d[| # +�fbgy|
a�c/w�jl`b|}e d<qJe<c�|=e^fbcYqJa�{ q�`re qP�rc5jJn�e fbc �<i�skc/qr`b_�x8q�`ba8c�Abe d<_b|<gkjl` ��qrx�x�d[jlqPiRf��>x�d[jli�c�a´_�d}qJs´�rc/`bc/d}qJe<gkjl`�jJn
e fbc!x�jrsk�b�rjl`b|5i�jbw(x�d[gk|<gh`b�(e fbc-�JzØw�jba�c�s�c�syghw�gh`�qJe}c�|#w(q�`r�(jPnÏe^fbc!c/d<d[jld[|�e f�qJe5qrd[c6gh`re^d[jla´_bi�c�a%h6fbc/`
x�j�sy�b�rjl`b|!qrd[c!a´d}q�h6`8qr`baGx�jr|}gye}gyjb`bc�a@gh`ba�gk{lgka´_�qJshsk�'h5gke fmq(�JzØo<&YzØe}jljrs�>��*qÍa´d<qUnDe<| x�c/d�|<jl` #
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@´jbd6c/qJiRfÌx�jbd[e qJs=gh` e fbc(skgk|<e�jJn[6 � .O+�&)(ßjH> 	[c�i�e<|/��nDjl_�d¬x�jrsk�b�rjl`b|�w�_b|<e?>�c¼�rc/`bc/d<qJe}c�aÑgh`Ñjld�a�c/d!e<j
x�d[jlx c/d[sk�%i�jl`�`bc�i�e6e fbc!jlx�c/`bgh`b�r|!gh`Ùe fbc)h5qJsksy|6jJn
e^fbc-| x�qJi�c�|�i�jl`�`bc�i�e<c�a >��¼e f�qJeYx jld[e qJs �N@=gk�l_�d�c-� " � #
+5fbc�|<c�x�jrsk�b�rjl`b|-qrd�c!i/d[c/qJe<c�a'>r�%c�Abe d<_ba�gh`b�@x�jbd[e qJs	i�jb`re<jb_�d�c�a��rc�|6e f�qJe!qrd[c-`bjre6| f�qrd[c�agh5gke f%c�gke fbc/d
jJn	e fbcYqPa 	�qJi�c/`�e=| x�qJi�c�| �N@=gk�l_�d[cY� " q���>����rq�`baW>r���rc/`bc/d}qJe<gh`b��q 	WZrT^QDM����5Z/ZrT �N@=gk�l_�d[c6� " i��=qr`ba8q 	WZrT^QDM��
]^S ��� � � � � @=gy�b_�d[c�� " a �5x�jrsk�b�rjl` # 6>jld[e qJs�i�jl`�e<jl_�d�c�a��rc�|Ye^f�qJeYqrd[c¬| f�qrd[c�a'>r�%qJa 	<qJi�c/`�eY| x�qPi�c�|#qrd�c-`bjre
c�Abe d<_ba�c�a	��|<gh`bi�c�e fbc�� fbj�syc �×i�jl`�`bc�i�e<gh`b�%e fbc!eyh�j�|^x�qJi�c�|Yw�_b|<eYd[c/w×qJgh`%jlx c/` �N@=gk�l_�d[c�� " c�� #

: c



a)

b)

c)

d)

e)

@=gk�l_�d[c�� " �B6>jld[e qJs��rc/`bc/d}qJe<gkjl` #

� �t!��N� �V��������
O�P�EQ � Z � ��O��lMrT[S � �/
�QX��n

~pqPiRfÌ`bjl`�j�| f�qrd�c�aÎc�a��rc � @=gy�b_�d[c*���rq��!gk|(c�Abe d<_ba�c�aÎe}j@nDjld<w,qGd[c�i�e qr`b�l_bshqrd�x jrsk�l�rjb` �N@=gk�l_�d[c%�r�o>�� #
+5fbc-x jrsk�l�rjb`¼c�Ale<c/`ba�|�gæ` �NnÔd[jbw e^fbc�> jre<e<jlw jJn>e fbc-x�jld�e qJs´jbx�c/`bgh`b� � ����gæ`m@=gk�l_�d�c-�r�o>���e<j�e fbc6e<jlx
jJn	e fbcYx jld[e qPs�jlx�c/`bgh`b� � � � gh`�@=gk�l_�d[c6�r�o>�� # +5fbc �Ù{ qJsh_bc�|�nDjld>e fbc�|}cYeyh�j-x�qrd<qrwÍc�e<c/d[|pqrd[c6w(qJgh`re^qJgh`bc�a
gh`%e fbc36 � .F+w&)(ÌjH> 	[c�i�e #
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���
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a) Non−shared portal 
    contour edge

b) Resulting polygon
     (shown shaded)
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t

@=gk�l_�d[c��r� �=~BAbe d<_b|}gyjb`¼jJn � Z � ��O �bMrT[S � x�jbd[e qJs	c�a���c #

� �t!��t� �V��������
O�P�EQ O �lM�T­Se� � 	WZrT^QDM�� �[
wQ���n

tbghw�gkshqrd�e<j�q6| x�qPi�cYc�a��rc�e f�qJe=gk|�| f�qrd[c�aW>���eyh�j6| x�qJi�c�|U�Wq!x jld[e qPs�c�a��rcYe^f�qJe=gk|p| f�qrd�c�aW>r��eyh�j-x�jld�e qJsk|
�N@=gk�l_�d[c(� : q��!w�_b|<e�> c(c�Abe d<_ba�c�aÑg n5e fbc �Ì{JqJsh_bc�|-jJn�c�gye^fbc/d-e^fbc > jre<e<jbw jld5e}jlxmjJn�e fbc×e h�j%x�jld�e qJsk|
a�g 
	c/d[| # +5fbc �Î{JqJsh_bc�|¬nÉjld0e fbc¼e<jlxÑqr`ba�>�j�e<e<jlw jJn5c/qJi�fÌx�jld[e^qJs=gk|Íw×qJgh`re qPgæ`bc�aÎgh` c/qJi�fx6 � .O+�&)(
jH> 	[c�i�e # 8�`Ìe fbc¼i/qJ|<cmhYfbc/d[c%e^fbc �ß{ qPsæ_bc�|ÍnÉjld0e fbcf>�j�e<e<jlw jJnYe fbc¼eyh�jGx�jld�e qJsk|�a�g 
	c/d���qNd�c�i�e qr`b�rskc
gk|-i/d[c/qPe<c�aÑe f�qJe!c�Abe<c/`ba�|¬gæ` �Ìn�d[jlw e fbc�>�j�e<e<jlw jJn�e fbc(skj�h�c/d!x�jld[e^qJs � ��� ���Îgh` @=gk�l_�d[c8� : >��6e<j%e fbc
>�j�e<e<jlw�jJnpe fbc�fbgy�bfbc/d-x�jbd[e qJs � �����	�
�(gh`g@=gk�l_�d[c(� : >�� # 8�`me fbc�i/qJ|}cbh6fbc/d[c-e fbc � { qJsh_bc�|0nÉjld�e fbc¬e<jlx
jJn�e fbc(eyh�j*x jld[e qJsk|!a�g 
	c/d��
qmd[c�i�e qr`b��syc�gk|�i/d[c/qJe<c�aGe f�qPe!c�Ale<c/`ba�|¬gh` � nÔd�jlw e fbc(e<jbx@jPn�e fbc(|^fbjld[e<c/d
x�jbd[e qJs � �����������>gæ`m@=gk�l_�d�c-� : >��=e}j�e^fbcYe<jbx(jJn>e fbcYe^qJsksyc/d�x�jld[e^qJs � � ����� ��gh`m@=gk�l_�d[c-� : >�� # +5fbcYeyh�j-i/qP|<c�|
w(qU�(i�jbc�Algk|<eU�¸qJ|�a�c/w�jl`b|<e d}qJe<c�a%>r�%@=gk�l_�d[c-� : > #

: �
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b) Shared edge results
    in two polygons (shaded)

a) Portal contours
    with shared edge

Window Door

@=gk�l_�d[c�� : �=~BAbe d<_b|}gyjb`¼jJn O��lMrT[Se� x�jbd[e qJs�c�a��rc #

+5fbc6nDjrskskj�h�gæ`b�¼e qo>bskc¬| _�w(w(qrd�g ��c�|6c�Abe d<_b|<gkjl`¼jJnpx�jbd[e qJs�i�jl`�e<jl_�d�c�a���c�|��
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6>jrsk�b�rjl`b|¼i/d[c/qJe<c�a�>r�Ìc�Ale^d<_ba�gh`b�Öx�jld[e^qJs5i�jl`�e<jl_�d�c�a���c�|@qrd[c%jld[gkc/`�e<c�a2e<j�h5qrd[aÌe fbc@gh`�e<c/d[gkjld×jJn-e fbc
x�jbd[e qJs	i�jb`re<jb_�d # 6>jrsk�l��jl`b|5i/d[c/qJe}c�a@gh`me fbc O��lMrT[Se� �
	�ZrT QDM � i/qJ|<c�qrd[c-jbd[gkc/`re<c�aGe<j�h5qrd[a�|�e fbc¬gh`re<c/d�gyjbd5jJn
e fbc@x jld[e qJs�h5gke fÌe fbc%skj�h�c/db> jre<e<jbw �2{JqJsh_bc �Ågh`Ìe fbc%i/qJ|<c%hYfbc/d�c8e fbc@x jld[e qPsy|�a�g 
	c/d�gh`S> jre<e<jlw �

{ qPsæ_bc����´jld�e fbc�x jld[e qJswh5gke f%e fbc�fbgk�lfbc/d5e}jlx �Ñ{JqJsh_bc �Ågh`%e fbc¬i/qJ|<c)hYfbc/d[c¬e fbc�x jld[e qPsy|�a�g 
	c/d�gh`@e}jlx �

{ qPsæ_bc�� #

� `bc2d´jljbdYx jrsk�l�rjb`Nq�`ba@jl`bc¬i�c�gyskgh`b�Ñx�jrsk�b�rjl`mgk|Yi/d�c/qJe<c�amnÉjbd�c/qJi�f@x�jbd[e qJs>i�jl`�e<jl_�d # +5fbc�|}cÍx jrsk�l��jl`b|
i�jl`b|<gk|<e¼jJn!e fbc@|^qrw�c@eyh�j�j�a�ghw�c/`b|<gkjl`�qPsYi�jl`�e<jl_�d×qJ|(e fbcGx�jld[e^qJs5i�jl`�e<jl_�d�gke<|}c�s�n �6jl`bsk�Îe fbc � { qPsæ_bc�|
a�g 
	c/d��/h5gke fße fbcÑ_�xoh5qrd[a�jDn�qJi�gh`b� d´jbjld%x�jrsk�b�rjl`2qJe%e fbcx> jre<e<jlw jJn-e fbcÑx jld[e qJs6jlx c/`bgæ`b�³�-qr`ba2e fbc
a�j�hY`�h�q�d[a�jDnÔqPi�gæ`b�×i�c�gyskgh`b�@x�j�sy�b�rjl`mqJe�e fbc-e}jlx(jPnºe fbc-x jld[e qPs	jlx�c/`bgh`b� #

� � )¼�<
>����� 
>��� � � � " �-�6�9+ �-)×�5"

+5fbc(� � ; |}�l|<e}c/w3�rc/`bc/d}qJe<c�|!e fbc(�Jz9w�jla�c�s�nDjld5c/qPiRfmi�jld<d�c�i�e<c�agd´jljld6xbshqr`Ñ_b|<gh`b�@q×|<c�e!jJn�d[c/qP|<jl`�j
qo>bskc(a�c^n�qr_bske�x�qrd}qrw�c�e<c/d[|U�¸x�d[jbx�c/d[e<gkc�|/�>qr`baÑi�jrskjld�| # +�fbcÍ_b|}c/d-w(qU�@w�jba�g nÉ�Ge fbc(�Jz3w�jba�c�spqUnDe<c/d6gke<|
i�jl`b|<e^d<_bi�e<gkjl` # +5fbgk|�nDc/qJe _�d[c5gk|5`bc�i�c�|<| q�d[�(|<j¬e f�qJepi�c/d�e qJgh`8d�jljlwÍ|Bh5gke f(a�g 
	c/d[c/`�e�i�c�gyskgh`b�%fbc�gy�bfre<|�n�d[jlw
e fbc<d´jbjld9j]h�gya�c6a�c^n�qr_bske�{JqJsh_bcYi/q�`�>�c!x�d[jlx c/d[sk�(i�jl`b|<e d}_bi�e<c�a # ~=a�gke<gh`b��gk|�qJsk|<j(_b|<c^n�_bs�nDjld>i�f�qr`b�rgh`b��e fbc
a�ghw�c/`b|<gkjl`b|Yq�`ba�nÔd}qrw�c�|pjPn�x jld[e qPs�jlx�c/`bgh`b�r|/�³qr`ba�nDjld=i�f�qr`b�rgh`b��i�jrskjld[|�qr`ba(e<c�Abe _�d[c�|�jJn	e fbc#x jrsk�l��jl`b|
i�jlw(x�d�gy|}gæ`b�@d�jljlwÍ|/��d´jbjld[|U�´qr`baGi�c�gksygh`b�r| # @=gk�l_�d[c�� = q�| fbj�h5|!q(i�skjr|}c/_�x@{bgkc�h-�Eh5gke fÙc�a��rc�|!a�gk| xbshq/��c�a
nDjld5i�shqrd�gye[�r��jJnp|<jlw�c¬jJn�e^fbc�|^x�qJi�c�|-qr`baNx jld[e qPsy|6n�d[jlw�e fbc(w�jba�c�s=gh`f@=gk�l_�d�c " : # +5fbgk|-|<c�e6jJn�|^x�qJi�c�|
qr`ba@x jld[e qJsk|6gk|Yx�d[jJ{lgka�c�aGqJ|Yq�>�qJ|}gy|�nDjld�e fbc!|<c�i�e<gkjl`b|)>�c�skj�h-�XhYfbgkiRfÙa�c�|<i/d[gt>�c¬c�a�gye}gæ`b�¼nDc/qJe _�d�c�| #

: "



a) Original corner space

c) Space height increased d) Make Floor set to FALSE

b) Portal opening size increased

@=gk�l_�d[c-� = �po�skjr|<c/_�xÙjJn
�rc/`bc/d}qJe<c�a@w�jba�c�sD��h5gke fÙc�AWq�w(xbskc�|YjJn=�Jz w�jba�c�s	c�a�gke<gh`b�¼nÉc/qJe^_�d[c�| #
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+5fbc�_b|<c/d!w(qU�*wÍjla�g nD�@| x�qJi�c�|!qUnDe<c/d��rc/`bc/d<qJe<gkjl`ÙjJnpe fbc��Jz�w�jba�c�s # o�skgyi���gæ`b�%jb`@e^fbc)d´jbjldYx jrsk�l��jl`��
jld�q2h5qJsks
x�jrsk�b�rjl`��bjJn=e fbc6| x�qJi�c!e fbc-_b|<c/d5h5gk| fbc�|5e<j�c�a�gkeYi/q�_b|<c�|�e fbc O 	�Mr]^S-Se���¤Q�� � � nDjld<w e<j(x jlx%_�x #
+5f�d[jb_b�lf�e fbgk|�nÉjbd<w%�Je fbcY_b|}c/d�w×q/�¬iRf�q�`b�rcYqr`���jJn	e fbcYx�qrd<q�w�c�e<c/d[|>nDjld=e^f�qJe=| x�qJi�cr�bgh`bi�sh_ba�gæ`b�%fbc�gk�lf�e/�
c�Abgy|}e<c/`bi�c-jJn=i�c�gkskgæ`b�Gqr`bamd´jbjld��´qr`ba%i�j�syjbd[|Yqr`ba%e<c�Abe _�d[c�| #

@=gk�l_�d[c(� = i¬| fbj�h5|5e fbc�i�jld}`bc/dYd[jbjlw nÔd�jlw @=gk�l_�d�c�� = q¼qUnDe<c/d�gke<|!i�c�gkskgh`b� fbc�gk�lf�e!f�qJ|3>�c�c/`mgh`bi/d[c/qJ|<c�a #
@=gk�l_�d[cY� = a(| fbj�h5|=e fbc6jld[gk�rgh`�qJs³| x�qJi�cYq nÉe<c/d LGM�� S�� �kZ/ZrT f�qJ| > c�c/`(|<c�e�e<j � ��� � � # \ jre<cYfbj�hÎe fbc/d[c�gy|
`bj2d´jljbdpx�j�sy�b�rjl` # &Ysk|<j(`bjre<c�e f�qJepe^fbc[h5qJsksk|�c�Ale<c/`ba¼a�j�hY`×e<j-e fbc)>�qJ|<c�c�syc�{JqJe<gkjl`¼jJn>e f�qJeBd´jbjld;syc�{�c�sÉ�
qJ|!jlx�x jr|<c�aÑe}j%e fbc8fbc�gk�lf�e!jJn5e fbc(d<qJgk|<c�a'd´jbjld	�>q¼| w(qJsks=|<e<c/x i/qr`x>�c×|<c�c/`x>�c�skj�h e^fbc�a�jbjld0syc/qPa�gæ`b�
n�d[jlwØe^fbc#d[jbjlw # +5fbgk|5gk|->�c�i/q�_b|<c!| x�qJi�c�|<h5gke fbjl_be�d´jbjld[|5qrd[c6_b|<c�a%e<j!nDjld<w | f�qUnDe<|��Åc # � # c�skc�{ qJe<jbd5qr`ba
|<e qPgæd�i/qJ|<c���e f�qPe�i�jb`�`bc�i�e#w�_bske<ghxbskc3d´jbjld�skc�{rc�sk| #

o5f�qr`b��c�|Ye<j×| x�qJi�c�x�q�d<qrw�c�e<c/d�|�i/q�`f>�c(qrx�xbskgkc�aÑqJe5{Jqrd[gkjl_b|6syc�{�c�sy|!jPnº�ld}qr`l_bshqrd�gye[�r�³e<j8x�d[jJ{bgka�c-i�jl`�{rcej
`bgkc/`re�c�a�gye}gæ`b�ÍnÉjld�e fbc!_b|<c/d # ~pqJi�f(|^x�qJi�c#f�qP|�q�`�qrwÍcr�le[��x�cr��qr`ba�d´jljbd�qP|<|<jbi�gæqPe<c�a%h5gke f×gye���e fbc/d[c^nDjld[cr�
e fbc�i�f�qr`b�rc�|-w(qJa�c×e<j*q¼|^x�qJi�c8w(qU�f>�c¼qrx�xbskgyc�aÎqJe6e fbc�nDjrskskj�h�gæ`b�mskc�{rc�sk|��!e fbc�gh`ba�gk{lgka´_�qJs�| x�qJi�cr�>qJsks
| x�qJi�c�|�jJn;q×x�qrd[e<gki/_bshqrd�e­��x�cr�³qr`ba@qJsks	| x�qJi�c�|6jl`¼e fbc!i/_�d}d[c/`re5d´jljld #

: �
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6>jld[e^qJsk|pw(qU�b>�c6w�jla�g4�´c�a%qUnDe<c/d>�rc/`bc/d<qJe}gyjb`�jJn	e fbc5�Jz'w�jba�c�s # o�skgkiR��gh`b��jl`(qr`��-jJn�e fbc�nDjl_�dpx jrsk�l��jl`b|
i�jlw(x�d�gy|}gæ`b�¼q(x�jld�e qJs´i/q�_b|<c�|5e fbc 	WZrT^QDM��	Se���ÅQ�� � � nÉjbd<wØe<j(x jlx%_�x # +5f�d[jb_b�lf(e^fbgy|�nÉjld}w%�be fbc#_b|}c/d5w(qU�
i�f�qr`b�rc!qr`r��jJn	e fbc!x�qrd<q�w�c�e<c/d[|;nÉjld;e f�qJepx jld[e qJsD�bgh`bi�sh_ba�gæ`b�¼jlx c/`bgæ`b�¼fbc�gy�bfre/�bjlx c/`bgh`b�W>�qJ|<c6c�skc�{ qJe<gkjl`��
qr`ba%i�jrskjld6qr`ba%e<c�Abe _�d[c #

@=gk�l_�d[c�� = >¼| fbj�h5|Yq×x�jld[e^qJs³nÔd[jbw @=gk�l_�d[c-� = q×qUnÉe}c/d�e fbc-_b|<c/d6f�qJ|5gh`bi/d[c/qJ|}c�aNe^fbc!jlx�c/`bgh`b�%|<g ��cb>�� = c
x�c/d�i�c/`re #

o5f�qr`b��c�|
e<j!x�jbd[e qJsk|>i/qr`3> c�q�x�xbsygkc�a8qPe
e f�d�c�cpskc�{rc�sk|=jJn´�ld<q�`l_bshqrd[gke[���	e fbc�gæ`ba�gk{bgka´_�qJs¸x jld[e qJsD�rqJsks�x�jld�e qJsk|
jJn	q!x�qrd[e<gki/_bshqrd=e[��x�cr�bqr`ba(qJsks¸x�jbd[e qJsk|=jl`�e^fbc�i/_�d}d[c/`reOd´jbjld # $2gke f�e fbgk|�w�c�iRf�q�`bgy|^w%�re fbc5_b|<c/d;i/qr`��JnDjld
c�A�qrw(xbskcr�´i�jb`r{rc/`bgkc/`�e<sk�@w�jba�g�nD�¼e fbc!|<g ��c-jJnpqJsks�h5gh`ba�j�h5|5jb`¼e fbc!c�Ale}c/d[gkjld�jJn=e fbc3>�_bgkska�gæ`b�'>r�¼|<ghw(xbsk�
qrx�xbsk�bgæ`b�%i�f�qr`b�rc�|�e<j(qJsks
x�jld�e qJsk|YjPn
e[�Wx c � h5gh`ba�j�h � #
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+5fbc!�Jzå�rc/`bc/d}qJe<gkjl`¼x�d[jli�c�|}|5a�c�|<i/d[gt>�c�a%|}j-n�qrd;�rc/`bc/d<qJe<c�|5x�d[jbx�c/d�jlx�c/`bgh`b�r|�nÉjld;c/qJi�f8x jld[e qJs # 8�`(jbd[a�c/d
e<j8w×qr�Jc!e fbc�w�jla�c�s>w�jld[c�d[c/qJskgk|<e<gkir�´gke6gk|Ya�c�|<ghd<q�>bsyc×e<j(gh`bi�sh_ba�c(a�c�e qJgksk|Y|^_biRfmqJ|5e fbc0nÔd<q�w�c-qr`ba@��sæqP|<|
jJn�qmh5gh`ba�j�h-��jld�e fbc¬n�d<qrw�c�qr`ba 	�qrw?>ÙjJn�q¼a�jljbdyh5q/� # 8Ån�e fbc�a�c�e qJgkskc�aÑi�jlw(x jl`bc/`re!gk|�x�d[cej­w�jba�c�syc�a	�
gh`b|<c/d[e<gkjl`ÌjPn�qmx�d[jlx c/d[sk� e d}qr`b|<shqJe<c�a q�`ba d[j�e qJe<c�aGgh`b|<e qr`bi�c%jPn�e^fbc8i�jlw×x�jl`bc/`�e-i/qr` >�c%qr_be<jbw(qJe<c�a	�
|<gh`bi�c-e^fbc)d´jbjld5xbshqr`@q�`�qJsk�l|<gk|!x�f�qJ|<c!�bgkc�sya�|!e^fbc!syjbi/qJe<gkjl`mqr`ba%jld[gkc/`�e qJe<gkjl`ÙjJn
e fbc�x�jld�e qJsk| #

� � ;3qJskskj�h�|!e fbc8_b|<c/d6e<j%a�ce�¸`bc¼x�jld[e^qJs
e[��x�c�| # ~pqPiRfme[�Wx c8f�qJ|-qJ|}|<jli�ghqJe}c�a h�gye^fGgke!e fbc(|<g ��c(jJn�e fbc
x�jbd[e qJs�jlx c/`bgh`b��gh`�e^fbcY�Jzåw�jba�c�sÉ��qr`ba¼qr`(qJ|<|}jli�ghqJe<c�a¼x�jld[e^qJs´x�d[jre<j�e­��x�c5w�jba�c�s �N@=gk�l_�d[c6�r�rq�� # 6>jld[e qPs
x�d[jre}jre[�Wx c�w�jba�c�sk|pgh`bi�sh_ba�c!�rc�jlw�c�e d��6nÉjld�a�c�e qJgksk|p|^_biRf(qP|
a�jbjld 	<qrw?>b|ºqr`ba�h5gh`ba�j�hÌn�d<qrwÍc�|ºqr`ba��rshqJ|}| #
� � ;Øqr_be<jlw(qPe<gki/qJsksy�×gæ`b|}c/d[e<|Yqr`×gh`b|<e qr`bi�c!jPn
e fbc!a�ce�¸`bc�a@x�d[jre}jre[�Wx c#w�jba�c�s�gh`re<j�e fbc!x�jbd[e qJs�jlx c/`bgæ`b�
nDjld5c/qPiRfmx�jld[e^qJsFh�gye^f@e^f�qJe#x jld[e qPs	e[�Wx c � @=gy�b_�d[c��r��>�� # 8Én�e fbc�_b|<c/d6iRf�q�`b�rc�|!e fbc!n�d<qrwÍc�w�jba�c�s	nDjld6q
�rgk{rc/`¼x�jld�e qJs�e[�Wx cr��qJsks¸x�jbd[e qJs�jlx c/`bgh`b�r|-h5gke f�e^f�qJepe[��x�c!qrd[cYd[c�|}g ��c�a%qr_be<jbw(qJe<gki/qJsksk�(e<j�qJi�i�jlw(w�jba´qJe<c
e fbc-`bc�h nÔd}qrw�c!w�jla�c�s #

$2gke fGe fbgk|(qrx�x�d[jlqPiRfGjPn�qJ|<|}jli�ghqJe<gh`b�Ga�c�e qJgkskc�aÌn�d<qrw�c(w�jba�c�sk|bh�gye^fÑc/qJi�fÑx jld[e qJs=e[��x�c�h�c(|}jl_b�lf�e-e<j
n�qJi�gksygke qPe<c-d[ce�¸`bc/w�c/`�e�jJn
e fbc!w�jba�c�s�h�gye^f(i�jlw×x�jl`bc/`�e<|�e f�qJe�h�c/d�c#`bjre��rc/`bc/d<qJe}c�a8e f�d�jl_b�lf×c�Ale d}_b|<gkjl` #
+5fbcG_b|<c/d8`bc�c�a2`bjre%x�jr|<gke<gkjl` c/qJi�fÖw�jba�c�sYgh`ß�JzÕ| x�qJi�c # +5fbgk|¼gk|�> c�i/qr_b|<cr�5a´_bcme<jÑe fbcm|<c/w(qr`�e<gki
gh`�nÉjbd<w(qJe<gkjl`Ìc�Abe d<qPi�e<c�aÑn�d[jlw,e fbcmd´jbjld�xbshqr`���e fbc@x�d[jr�ld}qrw��b`bj�h5|?hYfbc/d[c%a�jbjld[|(qrd[cr�pq�`baÎi/qr`Ìa�j
x�d[jlx c/d(x�j�|<gke<gkjl`bgh`b� qr`baÎ|}g ��gh`b�ÌjJnYe fbc%gh`b|<c/d�e<c�aÎa�jljbd�wÍjla�c�sYq�_be<jlw(qJe}gyi/qPsysk� # +5fbc%|<c�i�e<gkjl`b|W> c�skj�h
a�c�|<i/d[gt> cÍfbj�håe^fbc-x�jld[e^qJs	w�jla�c�s�gæ`b|}c/d[e<gkjl`%|}�l|<e}c/w h�jld<��| #
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8�` c�gye^fbc/d " z d´jbjld!xbshqr`Gjld!�Jz9w�jba�c�s={lgkc�h-��e fbc8_b|<c/d!w(qU�m|<c�skc�i�e�q%x�jbd[e qJs=qr`ba qJ|}|<gk�l`mgye�q 	WZrT^QDM��
Q�� 	WS # +5fbgk|(e[��x�c¼e fbc/` a�gyi�e^qJe<c�|(e fbc¼|<g ��c%jJn5e f�qJe(x jld[e qJs 
 |¬jlx�c/`bgh`b�Ñgh`Ìe fbc%�JzÕw�jba�c�s # ~�qJi�fÑe[��x�c
w(qU�Ñjlxbe}gyjb`�qJsksy�Öf�qU{rc@qGx jld[e qJs 	¸T[ZrQDZ�Q�� 	�S���Z��rS � qJ|}|<jli�ghqJe}c�a�h5gke fÌgke # +5fbc@_b|<c/d×w(qU�ÑiRf�q�`b�rc%e fbc
x�qrd<q�w�c�e<c/d[|@qJ|}|<jli�ghqJe}c�a h�gye^f2c/qJi�f x jld[e qPs!e­��x�cGa�ce�¸`bgke<gkjl` # o5f�qr`b��c�|@w(qJa�cGe<jÎe fbcÑx�jbd[e qJs!e[��x�c

:o:



a) Door prototype model b) Door prototype instances inserted into portal openings

@=gy�b_�d[c��r� �a6>jbd[e qJs�x�d[jre<jre[��x�c-w�jba�c�sk|#q�`ba@qr_be<jlw(qPe<gki/qJsksy�%��c/`bc/d<qJe<c�a%gh`b|<e q�`bi�c�| #

a�ce�¸`bgke<gkjl`Ìqrd[c-e^fbc/`Ñqrx�xbskgkc�aÑe<j%c/qJi�fGx�jld[e^qJs
jPnpe f�qJe6e­��x�c # @´jld6c�A�qrw(xbskcr�	e^fbcÍ_b|}c/d!w(qU�%a�ce�¸`bc(e fbc
x�jbd[e qJs5e[��x�c � � @B@^8�o5~Oj�z � � . �´��q�`baÎ| x�c�i�g nD�Öe f�qJe×e fbcNx jld[e qJs5x�d[j�e<jre[�Wx c@w�jba�c�s�nÉjbd � � @B@^8�o�~Oj
z � � . �Ìgk|(a�c�|<i/d[gt>�c�a2gh`Îe^fbcm�´syc � � @B@^8�o�~Oj�z � � . # _b� � # $ fbc/`ßqÑx�jbd[e qJs�e[�Wx c%gk|(a�gk| xbshq/��c�aÖnDjld
c�a�gke<gh`b�´�	� � ; a�gk| xbshqU�b|-e fbc�x�d[jre<jre[��x�c-w�jba�c�s=gh`Gq�h5gh`ba�j�h�jl`%e fbc�|<i/d�c�c/`@|}j(e fbc(_b|<c/d6w(qU�%{rc/d[g nÉ�
e f�qJe�gke6gy|6e fbc!a�c�|<ghd[c�aGw�jba�c�s #

$åfbc/`(i�f�qr`b�rc�|�e<j�q¬e­��x�c6a�ce�¸`bgke<gkjl`@q�d[cYqrx�xbskgkc�a	�¸� � ; syjbqJa�|�e fbcY��c�jlw�c�e d[��jJn>e fbc#x�d�jre<jre[��x�c�n�d[jlw
e fbc?�´skcr�>a�c�e<c/d<wÍgæ`bc�|¬e fbc8fbc�gk�lf�e-jJn�e fbc(jlx c/`bgh`b� d�c�vW_bghd[c�aÌe<j@qJi�i�jlw×w�jla´qPe<c�e f�qJe-w�jba�c�sD�
qr`baÑ|}c�e<|
e fbc Z 	WS � � � ���bS �4���lQ �´c�ska¼jJn	e fbcYx jld[e qJsbe[�Wx c5a�ce�¸`bgke<gkjl`¼e<j!e f�qPe={ qJsh_bc # +5fbc-h5gka�e f(q�`ba(a�c/xbe f�jJn	c/qJi�f
x�jbd[e qJsrjbx�c/`bgh`b� �Åg # c # e fbcp|}g ��c�gh`)ZÖq�`ba ���/d[c�|^x�c�i�e<gk{rc�sk���>gy|O��Abc�ab>��!e fbc
d´jljld>xbshqr`��re^fbc/d[c^nÉjbd[cr� `bc�gke fbc/d
e fbc�h�gya�e^fGjld6a�c/xbe fGgk|�d[c�|<g ��c�a gh`Ìd[c�| x jl`b|<c(e<j@q�`@gh`b|<c/d�e<c�a wÍjla�c�s # 8Ôe!gk|-e fbc8_b|}c/d	
 |-d[c�| x jl`b|<gt>bgkskghe[�
e<jmi/d[c/qJe<c%x�jld�e qJs�x�d�jre<jre[��x�c8w�jba�c�sk|(e f�qJe �´e-c/qJi�f jlx�c/`bgh`b� x�d[jbx�c/d[sk�Ìgæ` h�gya�e^f # @�qJgksæ_�d�c%e<jGgæ`b|}c/d[e
w�jba�c�sk|YjJnpx�d[jlx c/d<h5gka�e fÙi�jl_bskaNd[c�| _bske6gh`%i�jrgh`bi�gka�c/`re!jbd�gh`re<c/d�|<c�i�e<gh`b�(n�qJi�c�|/�³qr`ba%i�jl_bska@e fb_b|5i�jld}d<_�xbe
e fbc6gh`re<c��bd[gke­��jJn	e fbc)>�_bgkska�gæ`b�%w�jba�c�s # ,5j�h�c�{rc/d���e fbc6a�c/xbe f(jPn�q�`�gh`b|<c/d[e<c�a@w�jba�c�s¸`bc�c�a@`bj�e >�c6c�v�_�qJs
e<j¬e fbcYa�c/xbe^f(jJn	e fbc!x�jbd[e qJs³jlx�c/`bgh`b�´��|}gæ`bi�c6gke�gy|5qJi�i�c/xbe^qo>bskc6nÉjld;c/`re}gye}gyc�|�e<j�x�d[j�e d<_ba�c5gh`�e<j�e fbcY|^x�qJi�c�|
jl`¼c�gke fbc/d�|<gka�c-jJn=e fbc-x jld[e qJs�jlx c/`bgh`b� #

+5fbc�_b|<c/dYw×q/�¼e fbc/`m|<c�skc�i�e6{ qrd[gkjl_b|-x jld[e qPsy|6jl`Ùe fbc)d´jbjld5xbshqr`Gqr`bam�rgk{rc-e fbc/w�e fbc¬e­��x�c � � @B@^8�o�~Oj
z � � . � # $åfbc/`¬e fbc��JzÖwÍjla�c�sbgk|=c�Ale d}_ba�c�a	�Jjld�g n¸e fbc�e[�Wx cpa�ce�¸`bgke<gkjl`�gk|>iRf�qr`b��c�aÍq nÉe<c/dÏc�Ale d}_b|<gkjl`��Je fbc
fbc�gk�lf�epjJn´c/qJi�f�x�jld�e qJs�jlx c/`bgæ`b�¬jJn¸e[��x�c�� � @B@^8�o5~Oj�z � � . �!gh`�e^fbc�c�Abe d<_ba�c�a¼w�jla�c�s�gk|�qr_be<jlw(qPe<gki/qJsksy�
qJa 	<_b|<e<c�aGe<j%w(qJe<i�f%e^fbc�fbc�gk�lf�e-`bc�c�a�c�aÑe<j%qJi�i�jlw(w�jba´qJe<c¬e fbc(x�d[jre<j�e­��x�c�w�jba�c�sÉ�Eh�gye^fbjl_be-qr`��@_b|<c/d
gh`re}c/d<qJi�e<gkjl`md[c�vW_bghd[c�a #

:H=
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6>jld[e^qJs
x�d[jre}jre[�Wx cÍwÍjla�c�sk|�w�_b|<e)>�c×a�ce�¸`bc�a | _bi�fme f�qJe6e fbc(jld�gy��gæ`mjJn�e fbc(x�jld�e qJspw�jba�c�s=i�jljbd[a�gh`�qJe<c
|<�b|<e<c/w �N@=gk�l_�d[c%� i q���>��6i�jbd<d[c�| x jl`ba�|�e<j@e fbc%qrx�x�d[jbx�d[ghqJe<c¼i�jld<`bc/d!{�c/d[e<c�AGjJnYe fbc¼x�jld[e^qJspjlx c/`bgh`b�Ñgh`
e fbc��Jz�w�jba�c�sD��gh`re<j%h6fbgyi�fme fbc�x jld[e qPsºw�jba�c�sOh5gksys^> c�gæ`b|}c/d[e<c�a �N@=gk�l_�d[c(� ` ���´qr`baGe fbc3A�j­q�Abgk|!jJnpe fbc
x�d[jre}jre[�Wx c5i�jljbd[a�gh`�qJe<c6|<�l|}e<c/w9x�jrgh`�e<|�gæ`¼e^fbcYa�ghd[c�i�e<gkjl`¼jPnÏe^fbc[h5qJsks´gh`�e<j?hYfbgkiRf¼e^fbc#x�d[j�e<jre[�Wx cYw�jba�c�s
gk|8e}jL> c%�´e<e}c�a # 8De(gk|%_�xÌe<jÑe fbc@_b|}c/d�e<jÑc/`b| _�d�c%e f�qJe(e fbc@x jld[e qPs�x�d�jre<jre[��x�c@w�jba�c�sYw�c�c�e<|×e fbc�|<c
i�jl`ba�gke<gkjl`b|/� |<gh`bi�c!e fbc/d[c6gy|6`bj3h5qU��e}j�qJsk�rjld�gye^f�w�gki/qJsksy�%a�c�e}c/d<w�gh`bc)hYfbgkiRf¼{�c/d[e<c�A�gh`¼e fbc#x jld[e qPs¸w�jba�c�s
gk|Ygh`�e<c/`ba�c�aGe<j¼i�jld<d[c�| x jl`ba@e}j(e fbc�x jld[e qPs	jlx�c/`bgh`b�%i�jld}`bc/d # +�fbc�fbc�gk�lf�eYjJnpe^fbc-jlx c/`bgæ`b�@d�c�vW_bghd[c�aGe<j
qJi�i�jlw×w�jla´qPe<cpe fbc�w�jba�c�slgk|>a�c�e<c/d<w�gh`bc�aW>�qJ|}c�a-jl`0e fbc �×c�Ale}c/`re<|>jJn�e fbc5w�jba�c�s # � � ;2qr_be<jlw(qPe<gki/qJsksy�
d[c�|<g ��c�|6e fbc-q�
	c�i�e<c�a@x jld[e qJs�gh` �=�be<j8qJi�i�jbw(w�jba´qJe<c6e fbc-gh`b|<c/d[e}c�aNw�jba�c�s #

+y

Origin

+x

+y

Origin

+x

(a) (b)

@=gk�l_�d[c(� i �-6>jbd[e qJs
x�d�jre<jre[��x�c�wÍjla�c�sD��jld[e^fbjr�ld<qrx�fbgki(x�d[j 	­c�i�e<gkjl`Ùjl`�e<jWAb�Nxbshqr`bc�gh`Gskjbi/qJs=i�jljbd[a�gh`�qJe<c
|<�b|<e<c/w #

Insertion point

@=gk�l_�d�c-� ` �^6>jld�e qJs´jbx�c/`bgh`b�´�Xh5gke f%gh`b|<c/d[e}gyjb`@x�j�gæ`�e�nÉjld�x�d[j�e<jre[�Wx c-w�jba�c�s #

� � ;Øa�c�e<c/d<wÍgæ`bc�|!e^fbc!e d<qr`b|<shqJe}gyjb`@qr`baGd[jre qJe}gyjb`8d[c�v�_bghd[c�amnÉjbd�e fbc�x�d�jre<jre[��x�c!w�jla�c�s>e<jW> c-gh`b|<c/d[e}c�a
gh`re}j-c/qJi�f(x�jbd[e qJsbjlx�c/`bgh`b��>��Íq�`�qJsk����gh`b��e fbcYx jld[e qJs�i�jb`re<jb_�d�nÉjld>c/qPiRf�jbx�c/`bgh`b� # +5fbc6qJsk�rjld[gke f�w�|�e qr�Jc

: �



qJa�{Jqr`re^qJ�rc!jJn
e^fbc!n�qJi�e�e f�qJeYx jld[e qJs�i�jl`�e<jl_�d�|Yqrd[c!d[c�i�e qr`b�b_bsæq�d # +5fbc�qJsk�rjld[gke f�w9gke5jb_be<skgæ`bc�ax> c�syj�h �

@´jld�c/qJi�f%x�jld�e qJs	i�jl`�e<jl_�d �N@=gk�l_�d�c-�r�����

@´jld�c/qJi�f¼c�a��rc�~ nÔd�jlw 6��6e<jW6��/��h5gke f@`bc�Abe5c�a��rc \ n�d[jlw 6��5e}jW6��U�
8ÅnYe fbc%qr`b�rskc¼| _�>be<c/`ba�c�aS>��Ñd<qU�L6 � 6 � q�`ba d<qU�x6 � 6 � �N@=gk�l_�d[c%�r�rq �!gk|(�oc%a�c��ld�c�c�|/�
qr`ba@g n5e fbc-skc/`b�re^fGjJnpc�a��rc \ gk|-�ld�c/qJe<c/d�e f�q�`@e^fbc-skc/`b�re fGc�a���cÍ~��¸q�`baNg n�c�a��rc \ gy|
qJa 	�qPi�c/`re�e<j �É| f�qrd[c�af>�� ��q�| x�qJi�cr��e^fbc/`
� # 6 �� gy|/A¼e d<qr`b|<shqJe}gyjb`
"�# 6 �� gk|5�%e d}qr`b|<shqJe<gkjl`
� # &!`b�rskc!| _�>be<c/`ba�c�af>��%d<qU� 6 � 6 � q�`ba@d<qU�-n�d[jlw 6 � gh` � A8a�ghd[c�i�e<gkjl`��N@=gk�l_�d[c!�r�o>��

gk|!d[jre qPe<gkjl`

E

NP0
P2

P1
+x

a
b

+y

@=gk�l_�d�c��r� �>z!c�e<c/d}w�gh`bgæ`b�¼e d<q�`b|<shqJe<gkjl`%qr`ba@d[j�e qJe<gkjl`×nDjld�x�jld�e qJs
x�d[j�e<jre[�Wx c#wÍjla�c�s #

+x

+y

+x

+y

(a) (b)

@=gy�b_�d[c : c � � d[e fbj��ld<qrx�fbgki-{bgkc�h'jPn;x jld[e qJs	x�d[j�e<jre[�Wx cYgh`b|<c/d�e<gkjl` #

;!gk{rc/` e fbc�e d<qr`b|<shqJe}gyjb`Nq�`ba d[jre qPe<gkjl`%{JqJsh_bc�|/�=� � ;9i/d�c/qJe<c�|-qr`mgh`b|<e qr`bi�c×jJn�e fbc�a�ce�¸`bc�aÎx�d[jre<j�e­��x�c
w�jba�c�sD��e d<qr`b|<shqJe}c�|5gke-qr`baNd[j�e qJe<c�|5gke/��qr`bamgæ`b|}c/d[e<|6gye!gh`�e<j¼e fbc�x jld[e qJs�jlx�c/`bgh`b� �N@=gk�l_�d[c : crq��4>�� # +�fbgy|
gk|5a�jl`bc!qr_be<jlw×qJe<gki/qJsksk�(nDjld�qJsks	x�jld[e^qJsk| h�gye^f¼a�ce�¸`bc�a@x�d[jre<jre[��x�c�| # 8Énºe fbc!_b|<c/d�gk|Y_�`b| qJe}gy|��´c�a%h5gke f¼e fbc
gh`b|<c/d[e<c�aGx�d[jre<j�e­��x�cr�bgke6i/qr`%>�c¬|<c�skc�i�e<c�aNqr`baGd[c/w�jJ{rc�a	��qr`ba@q(`bc�hØx�d[jre}jre[�Wx cYi/qr`%> c-gh`b|<c/d[e}c�a #

: i
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&2|<e qJghd[i/qP|<c5i�jl`b|<gk|<e}|�jPnÏ|}e<c/xb|/�lxbsh_b|�|<e<c/x×| _�x�x jld[ep|}e d<_bi�e _�d[cr�bqr`ba%d<qJgkskgæ`b��| # tbgh`bi�c!e fbc�|<cYx�d�jlx�c/d[e}gyc�|�jJn
q�|<e^qJghd[i/qJ|<c-qrd�c)h�c�sks
�b`bj�hY`��´q(�PzØ|<e qJghd[i/qJ|}c-w�jla�c�s��rc/`bc/d<qJe<jbd�e<jbjrs �Dtbe qJghd � qJ|<e}c/d � �h�/� � gk|#x�d�j {bgka�c�a	�
hYfbgki�fÑqJskskj�h�|-e fbc(_b|<c/d0e<j%gh`re<c/d}qJi�e<gk{rc�sk�G| x�c�i�g nD� x�qrd<qrwÍc�e<c/d[|6| _biRf qJ|!|<e<c/xGfbc�gk�lf�e/�	gh`bi/d[c/w�c/`�e qJs�gh`�j
i/d[c/qJ|}c-gh`Gfbc�gy�bfre)>�c�eyh�c�c/`@qJa 	<qJi�c/`�eY|}e<c/xb|/�´d<qPgyskgh`b�@fbc�gk�lf�e/�	qr`ba@j�e fbc/d[|/�´q�`baNx�d[jba´_bi�c�|-q(x�j�sy��fbc�a´d<qJs
w�jba�c�s
jPn�e fbc¬|<e qJghd[i/qJ|}c � @=gy�b_�d[c : � �5e f�qPeYi�jld}d[c�| x�jb`ba�|Ye<j¼e fbc�|<e qPgæd�i/qJ|<c�xbshqr` �Å| _bi�f@qJ|6e f�qJe6| fbj�hY`
gh`m@=gk�l_�d[c : ���ºnÔd�jlw e fbc-d´jbjld�xbshqr` # +5fbgk|Yd�c�| _bske<gh`b�8w�jba�c�s	gk|�e^fbc/`¼gæ`bi�jbd<x�jld}qJe<c�a%gh`re}j�e^fbc#�JzØw�jba�c�s
jJn=e fbc/d´jbjld #

@=gk�l_�d[c : � �º�Pz w�jla�c�s>x�d[jla´_bi�c�a'>r�¼|<e qPgæd�i/qJ|<c!�rc/`bc/d<qPe<jld #

+5fbc�|<e qPgæd�i/qJ|<c��rc/`bc/d<qJe}jld6e<jbjrs
e^qr�Jc�|!qJa�{ qr`�e qJ��c�jPn�e fbc¬n�qJi�e!e f�qJe/�	w�_bi�fmsygh�Jc¼q�d´jljld!xbshqr` | x�c�i�g4�´c�|
e fbc��Jz �rc�jbw�c�e d[�%jJnpe^fbc-i�jld<d�c�| x�jl`ba�gh`b� d´jljld6w�jba�c�sD�	q " z |<e qJghd[i/qP|<c�xbshqr`m| x c�i�g��´c�|¬e fbc��rc�jlw�c�e^d[�
jJn5e fbc(i�jbd<d[c�| x jl`ba�gh`b� �Pz�|}e qJghd[i/qJ|<c¼w�jla�c�s # 8�`�> jre fGi/qP|<c�|/�
qPsys�e f�qJe¬gy|�d[c�v�_bgæd�c�aÌnÔd[jbw e fbc8_b|<c/d0gy|
fbc�gk�lf�e�gh`�nDjld<w(qPe<gkjl`��oh5gke f×|<e qPgæd�i/qJ|<c�|/��e fbgk|pgh`bi�sh_ba�c�|-d´jbjld9j�e<j jPd´jljld=fbc�gk�lf�epgh`bi/d[c/wÍc/`re/�b|<e}c/x(e fbgki��l`bc�|}|/�
qr`ba%d<qJgkskgh`b�8fbc�gk�lfre # � |}c/dpc�
	jld�epgk|�a´d<qJ|<e<gki/qJsksk�%d[c�a´_bi�c�af>r�×e fbcY|}e qJghd[i/qJ|<c��rc/`bc/d<qJe<jbd=e<jbjrsD�b|<gh`bi�c!e fbc/d[c
gk|#`bj×a´d<q�h5gh`b�(gh`@�Jz d[c�v�_bghd[c�a@e}j���c/`bc/d<qJe<c!i�jlw×xbsyc�A@�PzØ|<e qJghd[i/qJ|}c-w�jla�c�sk| #
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&!d[iRfbgke<c�i�e}|Í_b|^_�qJsksy�Ìa´d<q�h |}e qJghd[i/qJ|<c�|¬jl`Ld´jljld¬xbshqr`b|(qJ|�e fbc " z x�d�j�	[c�i�e<gkjl`ÑjPn�e^f�qJe�x jld[e<gkjl` jJn5e fbc
�Jz�|<e qJghd[i/qP|<c!e f�qJe�gk|�> c�eyh�c�c/`¼eyh�j(fbjld[g ��jl`�e qJs�i/_be5skc�{rc�sk|6sy�bgh`b�(nDjl_�d�nDc�c�eYqo> jJ{rcYe^fbc-d[c�| x�c�i�e}gy{�c)d´jbjld
qr`bame fbc)d´jbjld/>�c�skj�h # +5fbc¬|<e qJghd[i/qP|<c�xbshqr`b|-w(qU�¼i�jl`�e qJgh`%|<��w?>�jrsk|6e f�qJe!d[c/x�d[c�|<c/`�e/hYfbc/d[c-e^fbcb>�d[c/qr�
qJe�nDjl_�d�nDc�c�e6jli�i/_�d[| # &6a�a�gke<gkjl`�qJsksk�r�	gh`me fbc-i/qJ|}c!jJnºe^fbc�tbjba´qW,6qJsksºxbshqr`b| �N@=gk�l_�d[c : " ���be fbc¬�rc�jlw�c�e^d[�
nDjld¬|<e<c/xb|�gk|Íq�`Ìgæ`bi�jbw(xbskc�e<c%i�jrskskc�i�e<gkjl`ÎjJn6a�gy|
	­jrgh`�e(c�a��rc�| # &6|(qGd[c�| _bske/�=e fbc " z d[c/x�d[c�|<c/`�e qJe}gyjb`ÑjJn
e fbc¬|<e qJghd[i/qJ|}c�qJ|5gke!qrx�x�c/q�d[|Yjb`%e fbc d´jljld�xbsæq�`@gk|!`bjre6�rc�jlw�c�e d�gyi/qPsysk�m| _bgke qo>bskc¬nÉjld�_b|<c�qJ|!q�>�qJ|}gy|6nDjld

:H`



x�d[jbi�c�a´_�d<qJs³�rc/`bc/d<qJe<gkjl`ÍjJn¸e fbc6�Jz2|<e qJghd[i/qJ|}c�wÍjla�c�sXh5gke f(tbe qJghd � qJ|}e<c/d # +�fbgy|�x�d[jr�ld}qrwØd[c�v�_bgæd�c�|pc�{rc/d[�
|<e<c/x¼jPnºe fbc!|}e qJghd�e<jW> c-a´d<q�hY`¼qJ|YqÍi�jlw(xbskc�e<c�x jrsk�l��jl` # �N@=gk�l_�d[c : ��� #

@=gk�l_�d[c : " � � d[gk�rgh`�qJs
|}e qJghd�xbsæq�`%n�d[jlw9tbjba´q�,6qJsks�d´jbjld�� #

@=gk�l_�d[c : � �=o�jlw(xbskc�e<c�am|<e qJghd5xbshqr` #

8�`Ùjld[a�c/d�e}j-nDjld<w�q�_b|^qo>bskc-|<e qPgæd�i/qJ|<c-xbshqr`��³e fbc-_b|<c/d5w�_b|<e5i�jbw(xbskc�e<c-e fbc-xbshqr`g>r�¼a´d<q�h5gh`b�8qr`��¼|<e<c/x
x�j�sy�b�rjl`b|!`bjre5|^fbj�h6`¼gæ`Ùe fbc!jld[gk�rgh`�qJs�|<�Ww?> jrskgyi�{rc/d�|<gkjl` # @´jbd�e fbc-tbjba´q�,YqPsys=xbshqr`b|/��h�c!|<ghw(xbsk�ma´d[c�h
e fbc8`bc�i�c�|}| qrd[�Ñx�j�sy�b�rjl`b|¬gh`x&!_be<jlo<&6z(�	qJe<jbx@e^fbc(gh`bi�jlw(xbskc�e<c%|<��w?>�jrskgki*xbshqr` # +5fbc/` e fbc(|<e qPgæd�i/qJ|<c
xbshqr`%h5qJ|�c�A�x�jld�e<c�a@gh`%z/Z/@ÑnDjld<w(qPe�q�`ba@i�jl`�{rc/d[e<c�a¼e<j � `bgt;-d<q���A¼nÉjld}w(qJe #
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+5fbc(|}e qJghd[i/qJ|<c��rc/`bc/d}qJe<jld6qJ|<| _�wÍc�|!e f�qJe!c/qJi�fGx�jrsk�b�rjl`Ggh`Ge fbc�gh`�x�_be2�´skc8d[c/x�d[c�|<c/`�e<|!e fbc�jl_be}sygh`bc¼jl`
e fbc<Z � xbshqr`bc�jJnÏq6|<e}c/x!n�d[jlw�e^fbc�i�jbd<d[c�| x jl`ba�gh`b�Í�Pz w�jba�c�s # tbgh`bi�cYe fbc/d�c�gk|�`bj�qJ|<|^_�w�c�a�jld>| x�c�i�g4�´c�a
jld[a�c/d�e<j¼e fbc�|<e<c/xb|/�³e fbc�|<e qPgæd�i/qJ|<c-��c/`bc/d<qJe<jld�x�d[jlw(xbe<|6e fbc(_b|<c/d6e<j×| x�c�i�g nD�Ne^fbc�skj�h�c�|<e!qr`ba@|<c�i�jb`ba�j
skj�h�c�|}e(|<e<c/xb| # +5fbgk|%gh`ba�gki/qJe<c�|%h5gke f hYfbgkiRf |<e<c/xÎe^fbc@|<e qPgæd�i/qJ|<c%|<e q�d[e<|/��qr`baÖgh` hYfbgkiRfßa�ghd[c�i�e<gkjl`ßgke
qJ|<i�c/`ba�| #

+5fbc!|<e^qJghd[i/qJ|<c!�rc/`bc/d}qJe<jld�e^fbc/`¼jld[a�c/d[|5e^fbc-d[c/w(qJgh`bgh`b�8|}e<c/xb|/��>��8|}c/qrd[i�fbgæ`b�%qJe�c/qJi�f%|<e}c/x×nÉjld�qr`bj�e fbc/d
|<e<c/xÌx�j�sy�b�rjl` e f�qJe�gk|(qJa 	<qJi�c/`re�e<jme f�qJe¬|<e<c/xÌx�jrsk�b�rjl`��BhYfbc/d�c@qJa 	�qPi�c/`bi�� w�c/qr`b|�e fbc/d[c¼gk|8qJe¬syc/qP|<e

: �



jl`bcÑx�qJghd%jPn-c�a��rc�|/�6jl`bcGc�a��rcmnÔd�jlw c/qJi�fÖ|}e<c/x��5e f�qPe*qrd�cNi�j�gæ`bi�gka�c/`�e'h5gke fbgh`2|<jlw�cG| w×qJsksYc/xb|<gkskjl`
x�c/d}x�c/`ba�gki/_bshqrd!a�gk|<e q�`bi�c #

z!c�e<c/d<wÍgæ`�qPe<gkjl`GjJn5d<qJgkskgæ`b�Ñqr`ba | _�x�x�jld�e-|<e d}_bi�e _�d[c8xbshqJi�c/w�c/`�e-gk|�w(qJa�cW>��mnÉjrskskj�h5gh`b�Nq¼|<c�e¬jJn�d}_bsyc�|
qJ|�nÉj�syskj�h5|���g n�q�|}e<c/x@x jrsk�l�rjb`@c�a���c-gk|-`bjre5| f�q�d[c�ax>r�@qr`��¼jre fbc/d�|<e<c/x@x jrsk�l��jl`��¸q¼d<qJgkskgh`b�@xbgkc�i�c8qr`ba
| _�x�x jld[e=|<e d}_bi�e _�d[c5| fbjb_bsyam>�c5i�jl`b|}e d<_bi�e<c�a(qJe=e f�qPe=c�a��rc # 8Ån
qr`¬c�a��rc5gk|=| f�qrd�c�a	�l`bj-d<qJgkskgh`b��jld>| _�x�x�jbd[e
|<e d}_bi�e _�d[c6| fbjl_bska > c!i/d[c/qJe<c�a # 8Énºqr`¼c�a��rc6gk|YqJa 	<qJi�c/`�e5e<j´��>�_beY`bjre�| f�qrd[c�a%>��r�´qr`bjre fbc/d�|<e}c/x8x jrsk�l�rjb`
c�a��rcr��d<qJgkskgh`b� qr`baÎ|^_�x�x�jld[e�|<e^d<_bi�e _�d[c%| fbjb_bsyaS> c@�rc/`bc/d}qJe<c�a nÉjld¬e fbc@`bjb`�j­qJa 	�qPi�c/`re8x jld[e<gkjl`ÌjPnYe fbc
c�a��rc¬jl`bsk� #

� `bi�c(e fbc¬|<e<c/xb|-f�qU{rc?>�c�c/`Ñx�_be6gh`re<j@x�d�jlx�c/d6jld�a�c/d��¸q�`ba d}qJgksygh`b�Gqr`ba@| _�x�x jld[e!|<e^d<_bi�e _�d[c�xbsæqPi�c/w�c/`re
a�c�e<c/d<wÍgæ`bc�a	�³e fbc-�JzØ��c�jlw�c�e d[�ÍnÉjld�e fbc!|<e qJghd[i/qP|<c!i/qr`f> c!�rc/`bc/d<qJe}c�a #
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+5fbc%|<e^qJghd[i/qJ|<c¼�rc/`bc/d<qJe}jld¬i/d[c/qJe<c�|(qG�JzÕw�jla�c�s�jJn6e fbc%|<e qJghd[i/qP|<c8gh` � `bgt;-d<q���A nDjld<w(qJe # tbe<c/xb|(qrd[c
d[gk�lf�eyj­d[c�i�e q�`b�l_bshqrd�c�Ale d}_ba�c�a8|<j�sygka�|5jPn�q0| x�c�i�g4�´i�fbc�gy�bfre��N@=gk�l_�d[c :o: q����bxbshqJi�c�a@qJep|^_bi�i�c�|<|<gk{rc�sk�*fbgk�lfbc/d
c�skc�{ qJe}gyjb`b|�qJ|=e fbc�|<e^qJghd[i/qJ|<c5qJ|<i�c/`ba�| # +�fbc�fbc�gk�lf�e=jJn�c/qJiRf¬|<e}c/x-|}jrskgya×gy|=i�jb`re d�jrsksyc�am>r�¬e fbc � QDS 	 � S ��� �lQ
|<skgka�c/d���hYfbgksyc%e^fbc8gh`bi/d[c/w�c/`�e qJs�c�skc�{ qPe<gkjl`Ìa�g 
Ïc/d�c/`bi�cf>�c�eyh�c�c/`Ñ|<e}c/xb| � @=gy�b_�d[c :�: >��!gk|�i�jl`�e d[jrskskc�aS>r�
e fbc�� QDS 	 � S 	�MrT[MrQ��ÅZ �(|<skgka�c/d #

a

b

e

c

d

f

@=gk�l_�d[c :�: � � |<c/d j�| x�c�i�g4�´c�aÑa�ghw�c/`b|<gkjl`b|�nDjld�|<e qPgæd�i/qJ|<c-w�jba�c�s #

.5qJgkskgh`b�r|Ñqrd[cmi�jlw(x�j�|<c�a2jJn-| _�x�x�jbd[e@x�jr|}e<| �N@=gk�l_�d[c :o: i����VhYfbgkiRf2qrd[cÑd[gk�lf�eyj­d[c�i�e^qr`b�l_bshqrd×c�Ale d}_ba�c�a
|<jrskgka�|/��qr`ba8d}qJgksygh`b��|<c��lwÍc/`re<| � @=gy�b_�d[c :o: a ����hYfbgkiRf(q�d[c5i�skjr|<c�a(|}jrskgya�|<h5gke f×d[c�i�e qr`b�l_bshqrd;i/d[jr|<|=|}c�i�e<gkjl` #
+5fbc8fbc�gk�lf�e!jJn�e fbc(| _�x�x jld[e-x�j�|<e<| �N@=gk�l_�d[c :o: c���gy|¬i�jl`�e d[jrskskc�a�>��Ne^fbc 
�M���� � � � � S ��� �lQ |<skgka�c/d���h6fbgyskc
e fbc(fbc�gk�lf�eYjld�e fbc(d[c�i�e q�`b�l_bshqrd5i/d�jr|<|yj�|<c�i�e}gyjb`@jPnpe fbc(d<qJgkskgæ`b�m|<c��lw�c/`�e<|6gk|!i�jl`re^d[jrskskc�aL>��%e fbc 
�M � ��� � �

� � �Å] � � S�O O |<skgka�c/d #

= c



.5_�`�`bc/d[|U�	e fbc(|^_�x�x�jld[e!|}e d<_bi�e _�d[c�e<j%fbjrskaÑe fbc�|<e}c/xb|-gh`ÑxbshqJi�c �N@=gk�l_�d�c :�: n ����qrd[c¬i�syj�|<c�aÑ|<jrskgka�|?h5gke f
d[c�i�e q�`b�l_bshqrd�i/d[jr|}|5|<c�i�e<gkjl` # +�fbc�fbc�gk�lf�e5jJn=e fbc-d<_�`�`bc/d[|6gk|Yi�jl`�e d[j�syskc�a'>r�¼e fbc 
-� � � SUT � S ��� �lQ |<skgka�c/d #

&6sys�|<skgka�c/d-{JqJsh_bc�|�w(qU�'>�c(c/`�e<c/d[c�a x�d�c�i�gy|}c�sy��>��@e fbc8_b|}c/d6gæ`Ìqr`mgh`�x�_be�>�j�AfhYfbc/` c�AWqJi�e¬{ qJsh_bc�|�qrd[c
d[c�v�_bghd[c�a # 8�`¼qJa�a�gke<gkjl`���g n
e^fbcY_b|<c/d�| x�c�i�g4�´c�|5e^fbc5|<c/x�qrd<qPe<gkjl`W> c�eyh�c�c/`bd´jljld�|/�re fbc6|<e qPgæd�i/qJ|<c5�rc/`bc/d}qJe<jld
qr_be<jbw(qJe<gki/qJsksk�%i/qJski/_bshqJe<c�|6e fbc-x�d[jlx c/d5{JqJsh_bc!nDjld�|<e<c/x¼|}c/x�qrd<qJe<gkjl` #

+5fbc��rc/`bc/d<qPe<c�a-|<e^qJghd[i/qJ|<c�w�jla�c�sk|�i�jl`b|<gk|<e>jJn¸fl_�`ba´d�c�a�|pjJn¸x�d[jbx�c/d[sk�-jbd[gkc/`re<c�a(x jrsk�l�rjb`b|/�r`bjl`bc�jJn�hYfbgki�f
qrd[c�a´d<q�hY`'>��@e fbc(_b|<c/d0gh`Ñ�Jz9| x�qJi�c # &Y|�q%d[c�| _bske/��e fbgk|¬e<jlj�s
{rc/d��@|<gk�l`bg4�´i/qr`�e<sk� d[c�a´_bi�c�|�w�jla�c�skgh`b�
e<ghw�c×nÉjbd6|<e qJghd[i/qJ|}c�| # +5fbgk|�gk|�ghw(x�jbd[e qr`�eb> c�i/qr_b|<c%w�jr|<e?>�_bgyska�gh`b�r|%f�qU{rc8w�_bske<ghxbsycmd´jbjld0syc�{�c�sy|U�pqr`ba
e fbc/d[c^nDjld[c!f�qU{rc!|<e qPgæd�i/qJ|<c�| # tbc�c �Á�/� � nDjld�q(w�jbd[cYa�c�e^qJgksyc�ama�gk|<i/_b|<|<gkjl`mjJn
|}e qJghd[i/qJ|<c-wÍjla�c�s��rc/`bc/d<qPe<gkjl` #

&2i�jlw(xbskc�e<c�a%|<e^qJghd[i/qJ|<cYwÍjla�c�s³gy|�ghw(x jld[e<c�a%>r��e fbc!� � ;2|<�b|<e<c/wØgh`�e<j�e fbcY�Jz d´jljld�w�jba�c�s # &Ysks�e f�qJe
gk|#d�c�vW_bghd[c�aÙnÉjld�e fbgk|5e qJ| �×gk|Yq(x�d[jbx�c/d�e d<qr`b|<shqJe}gyjb`¼gæ` �Ge<j�e fbc�qrx�x�d[jlx�d[ghqJe}c!c�syc�{JqJe<gkjl`ÙnDjld�e f�qJe<d´jbjld #
tbgh`bi�c�e fbc-|<e^qJghd[i/qJ|<c-xbshqr`mgk|Ya´d}q�h6`¼gæ`me fbc!|^qrw�c-i�jbjld[a�gh`�qJe}c-|<�b|<e<c/w3qP|5e fbc3h6fbjrskc)d´jbjld���e fbc2Z qr`ba
��{ qJsh_bc�|-qrd[c6i�jld<d�c�i�e #

� � 79)()¼����� �å�0� �¼" � � ����
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� jr|<e%>�_bgksya�gh`b�r|Ñf�qU{rcG|<jlwÍc@|<e d}_bi�e _�d<qJs�nÉc/qPe _�d[c�|%e f�qJe¼i/qr`2`bjref> c wÍjla�c�skc�a'qJ|%|}gæw×xbsyc c�Ale d}_ba�c�a
x�d[gk| w(qPe<gki%| f�qrx�c�| # @³jld�c�A�qrw(xbskcr��e fbc%|<c�{rc/`�e fLd´jljldÍjJn#tbjba´qx,YqPsys6f�qJ|(|<c�{rc/d}qJs�qrd�iRfbc�|(skgh`bgh`b�Îe fbc
c�Abe<c/d[gkjld6n�qJi/qJa�c¼jJn5e fbc(|}jl_be fG|<gka�c%jJn5e fbcm>�_bgyska�gh`b� �N@=gk�l_�d[c :H= � # +5fbcW>�qJ|<gki@qrd�iRfGc�skc/w�c/`�e/�OhYfbgki�f
gk|*d�c/x�c/qJe<c�a �´{�c@e<ghw�c�|/��gk|8|^fbj�h6`Ìgæ` �´�l_�d[c : � # +�fbcNqrd[i�fbc�|8qrd�c@`bjre(| x c�i�g��´c�a2�rc�jbw�c�e d[gki/qJsksk�Îjl`
e fbc?d´jbjld¬xbsæq�`��ºq�`baÑi/qr`Ñ`bjre?>�c¼i/d[c/qJe<c�a e f�d[jl_b�lfmc�Abe d<_b|<gkjl`ÌqJskjl`bc # tbj@e f�qJe¬| _bi�fÑ`bjl`�j­d[c�i�e<gkskgh`bc/qrd
|<e d}_bi�e _�d[c(w(qU�f>�c�gh`bi�sh_ba�c�a gh`Ge fbc�>�_bgkska�gh`b� wÍjla�c�sD�	e^fbcÍ� � ; |<�b|<e<c/w x�d[jJ{lgka�c�|�q¼w�c�i�f�qr`bgk| w nDjld
e fbc(_b|<c/d0e<j8ghw(x jld[e¬c�Ale<c/d}`�qJsksy��j­w�jba�c�skc�aÎi�jlw(x�jb`bc/`re<|!gh`�e<j%�rc/`bc/d<qPe<c�a �Jz d´jljld!wÍjla�c�sk| # +5fbc¼_b|<c/d
gh`re}c/d<qJi�e<gk{rc�sk�Ö|}c�syc�i�e}|@qr` � � O�S/T^Q��¤Z � 	WZ � � Q gh`Îe fbcG�Jz�wÍjla�c�sD�Yq�`baÖe fbc/` | x�c�i�g4�´c�|@e^fbcNqrx�x�d[jbx�d[ghqJe<c
d[jre^qJe<gkjl`m>r�%|<c�skc�i�e<gh`b�%qr`%qJa�a�gke<gkjl`�qJs>{rc/d[e}c�A8gh`%e^fbc-w�jla�c�s #

@=gk�l_�d[c :H= �
&#d[i�fbc�|5jl`¼|}jl_be f¼|<gka�c-jPn;tbjba´q�,6qJsks�d´jbjld i�#

� � ; w(qJgh`�e qJgh`b|@qÎ_b|<c/d9j�| x c�i�g4�´c�aØsygk|<emjJn-c�Abe<c/d<`�qJsksk�'w�jba�c�skc�aåi�jlw(x jl`bc/`re}| # &6|%gh`2e fbcGi/qJ|<cGjJn
x�d[jre}jre[�Wx cNx�jbd[e qJs!w�jba�c�sy| �Å|<c�i�e<gkjl` � # ������e^fbc�|<cGi�jlw(x�jb`bc/`re<|@w�_b|<ef> cÑw�jla�c�skc�a�gh`åqÌi�jljbd[a�gh`�qJe<c

= �



@=gk�l_�d�c : � �=tbjba´q�,6qJsksEd´jljbd i qrd[i�f¼i�jlw(x jl`bc/`�e��Åc�a��rc�|6a�gk| xbshq/��c�a%nDjld�i�shqrd[gke[�8jPnºi�jl`b|}e d<_bi�e<gkjl`�� #

|<�b|<e<c/w | _bi�fme f�qJe!e fbc�gh`b|<c/d[e}gyjb` x jrgh`re!gh` e fbc2d´jljld!wÍjla�c�s=i�jld}d[c�| x�jb`ba�|-e<j¼e fbc(jld�gy��gæ` jJnpe fbc(skjbi/qJs
i�jbjld[a�gh`�qJe<c%|<�b|<e<c/w,jJn!e fbc¼i�jlw(x jl`bc/`re # ;0gk{rc/`Ìe fbgk|(i�jl`b|<e^d<qJgh`reU�=e fbc%e d<q�`b|<shqJe<gkjl` gæ` Z�� ���=qr`ba �

gk|!e fbc�| qrw�c(qJ|6e fbc�i�jbjld[a�gh`�qJe<c({JqJsh_bc�|-jJnpe^fbc�gh`b|<c/d�e<gkjl`Ñx�j�gæ`�e-|}c�syc�i�e}c�a�>r�me fbc(_b|<c/d # +�fbcÍd�jre qJe<gkjl`
gk|�| x�c�i�g4�´c�aS>�� q%{rc�i�e}jld6gh`Ñe fbc%�Jz d´jbjld¬w�jla�c�s�e f�qJe¬i�jld<d[c�| x jl`ba�|-e}j@e fbc8x jr|<gke<gk{rc �3q�Abgk|�gh` e fbc
i�jlw(x jl`bc/`�e�
 |-skjbi/qJspi�jbjld[a�gh`�qJe}c8|<�b|<e<c/w # +5fbgk|(_b|<c/d!|^x�c�i�g4�´c�|(e fbgk|�{rc�i�e<jld���hYfbgki�fÑjld�gy��gæ`�qPe<c�|�qJe¬e fbc
gh`b|<c/d[e<gkjl`mx�jrgh`�e/��qr`ba%e<c/d<w�gh`�qJe}c�|YqJeYq�|}c�i�jl`ba@w�jba�c�s	{rc/d[e<c�A¼|<c�skc�i�e<c�ax>��8e fbc-_b|}c/d #

+5fbgk|@w�c�i�f�qr`bgk| w gk|%ghw(x�jld�e qr`�e�> c�i/qr_b|<cGgke*x�d[jJ{bgka�c�|@q `bc�i�c�|<|^qrd[�Öi�jbw(xbskc/w�c/`re¼e<jÌe fbcGc�Ale^d<_b|<gkjl`
qrx�x�d[jbqJiRf # $åfbgkskc�d´jbjld¬xbsæq�`Ñi�skc/qr`b_�x q�`baNgh`�e<c�skskgy��c/`re(c�Abe d<_b|}gyjb`G| _ � i�c�|¬nDjld6e fbc({JqJ|<e-w(q 	­jld�gye[�%jJn
>�_bgkska�gæ`b�m�rc�jlw�c�e^d[� �Ég # c # �´w�jr|}e-h5qJsksy|-q�`baNx�jbd[e qJsk|Yqrd�c�d[c�i�e q�`b�l_bshqrd ����e^fbc�w�c�i�f�qr`bgk| w nÉjld�gæw×x�jld[e}gæ`b�
qr`baÑx�d[jlx c/d[sk�Nx jr|<gke<gkjl`bgh`b�@c�Abe<c/d<`�qJsksk�Ñw�jba�c�syc�a �rc�jlw�c�e d��@x�d[jJ{lgka�c�|-q×{rc/d[�%�rc/`bc/d<qPsFh5qU�%e<j¼gæ`bi�sh_ba�c
| x c�i�g��´i�>�_bgkska�gh`b�@a�c�e qJgksk|6e f�qJe5i/qr`%`bj�e[>�c�x�d[jla´_bi�c�a'>r�¼c�Abe d<_b|<gkjl` #

� � �å�!���¼���(����� �Ì���(� ������) �Ì" �-�6��+ �-)(��" � ���Y
	��� $�&(��" )¼�����,+ �¬)(��"

&�nÉe<c/d6c/qPiRfmgh`ba�gk{lgka´_�qJs<d´jbjld!f�qJ|3> c�c/` wÍjla�c�skc�a	�>e fbc2d´jljbd[|-qrd[c�|<e qPiR�Jc�aÑ_�xGe}j(nDjld<w e fbc�i�jlw×xbsyc�e}c
>�_bgkska�gæ`b�Îw�jba�c�s # +5fbgk|�gy|¬a�jl`bc%>r�Gi�jlw?>bgh`bgh`b�Ñe fbc(�rc�jbw�c�e d[�ÙnÉjld¬qJsks�w�jba�c�skc�a d´jljbd[|-gh`�e<jNqÙ|<gh`b�rskc
� `bg ;¬d<q���Am�´skc # 6pd[jbx�c/d�i�jl`�`bc�i�e<gk{lgke[� > c�eyh�c�c/`m{rc/d�e<gki/qJsksy�GqJskgk�l`bc�aGc�Ale<c/d�gyjbd-h5qJsksk|!jJn�qJa 	<qJi�c/`�e<d´jljbd[|
gk|��l_�qrd<qr`�e<c�c�a	��|<gh`bi�c8e fbcm>�qJ|<c(c�skc�{ qPe<gkjl`ÌjJn5e fbc8_�x�x c/d)d´jbjld0gy|¬c�vW_�qPspe<jme fbc(e<jlx c�syc�{JqJe<gkjl` jJn5e fbc
skj�h�c/dwd´jbjld��PnÉjbd=qJsks¸x�qJghd[|�jJn�d´jbjld[| # ,�j�h�c�{�c/d��rfbjrskc�|�w(qU�¬c�Algk|<e�qo>�jJ{rc�jld�>�c�skj�h�d´jbjld[|BhYfbjr|}c5c�Ale}c/d[gkjld
jl_be<skgh`bc�|�q�d[c�`bjre!qJskgk�l`bc�axh5gke fGqJa 	<qJi�c/`�e-d´jbjld[|-q�>�jJ{rc-jbd[> c�syj�h # @´jld�c�AWq�w(xbskcr��g�n�e fbc2�¸d[|<eVd´jljbd5jJn
q×e h�j�j�|}e<jld[�W>�_bgkska�gh`b�@gk|!|<gk�l`bg4�´i/qr`�e<sk�@shqrd[��c/d5e f�q�`%e fbc¬|<c�i�jl`ba	��|<e qPiR��gh`b�8e fbc/w _�x@d�c�| _bske<|!gh`@q¼fbjrskc
hYfbc/d[c6e fbc6|<c�i�jl`bamd´jbjld�a�jlc�|5`bjre�c/`�e<ghd[c�sk�8i�jJ{rc/d;e fbcV�¸d[|<e��N@=gk�l_�d[c : i q�� # tbghw�gkshqrd[sk�r�¸q�fbjrskc)h5gksks	c�Abgk|<e
hYfbc/d[c!e^fbc-|<c�i�jl`bamd´jbjld5f�qP|Yqr`%jJ{rc/d}f�qr`b��j {�c/dpe^fbc/�¸d[|<e<d´jbjld��N@=gk�l_�d�c : i >�� #

8�`mjld�a�c/d6e<j*x�d�jla´_bi�c(e^fbcÍq�x�x�d[jlx�d[ghqJe<c�c�Abe<c/d[gkjld6d[jbjJn�jld5d´jbjldYx jrsk�l��jl`b|-e<j¼|<c/qJs>j 
 e^fbc�|<c�jlx�c/`bgh`b�r|/�
� � ; x�c/d�nDjld<wÍ|�> jljrskc/qr` | _�>be d}qJi�e<gkjl`ßjl`ße fbcGc�Ale}c/d[gkjld¼i�jl`�e<jl_�d[|¼nDjld¼qJa 	�qPi�c/`remd´jbjld[| # @´jld¼c/qJi�f

= "



Floor 1

Floor 2

b) Hole beneath upper floor

a) Hole above lower floor
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@=gk�l_�d[c : i �B,5j�syc�|6gh`%c�Abe<c/d[gkjld�|^_�d�nÔqPi�c)hYfbc/`md´jbjld[|Yq�d[cY|}e qJi��Jc�a #

d´jbjld���e fbc/d[c@gk|%qGi�jrskskc�i�e<gkjl`ßjJn " zÕc�Ale}c/d[gkjld(i�jb`re<jb_�d[|/�>nDjld<w�c�aÎgh`ße fbcmd´jbjld(xbshqr`2qr`�qJsk�b|<gk|*x�f�qP|<c #
+5fbc�`bc�i�c�|<| qrd[�%c�Abe<c/d[gkjld6x�j�sy�b�rjl`b|�nDjld5q×�rgk{rc/`md´jbjld5qrd�c!nDjld<w�c�a%gh`me fbc!nDjrskskj�h5gh`b�*w(q�`�`bc/d	�=nDjld6d[jbjJn
x�j�sy�b�rjl`b|U��e fbc@a�c�|<ghd[c�a2i�jrskskc�i�e<gkjl`ßjJn " zÕi�jl`�e<jl_�d[| �N@=gk�l_�d[c :H` i��Így|¼jH>be qPgæ`bc�a >�� |^_�>be d<qJi�e<gh`b�Ìe fbc
i�jl`�e<jl_�d[|�nÉjld�e fbc/d´jljbdYqo> jJ{rc �N@=gk�l_�d[c :H` >���nÔd�jlw9e fbc¬i�jl`re}jl_�d[|�nDjld�e fbc!i/_�d}d[c/`reVd´jbjld��N@=gk�l_�d[c :H` q�� #
+5fbc/`��5_�x�h5qrd[a�jDn�qJi�gh`b� x�jrsk�b�rjl`b|�h�gye^fÎe fbc@d[c�|^_bsye^qr`re " zÕi�jl`�e<jl_�d[|(qrd[c%��c/`bc/d<qJe<c�a�h5gke fßfbc�gk�lfre � �
{ qPsæ_bc�| �5c�v�_�qJs	e<j×e fbc!e<jlx¼c�skc�{ qPe<gkjl`%jJn=e fbc!i/_�d<d�c/`re<d´jbjld�� @=gy�b_�d[c :H` a � #

− =

a) Floor 1 contour b) Floor 2 contour c) Resulting contour d) New exterior polygon
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@=gk�l_�d[c :H` �>z!c�e<c/d}w�gh`bgæ`b�@x jrsk�l��jl`b|5e<j(i�skjr|}c-c�Abe<c/d[gkjld5fbjrskc�qo>�jJ{rc!i/_�d<d�c/`re<d´jbjld #

@´jbdwd´jljld=x jrsk�l��jl`b|/�re^fbc5a�c�|<ghd[c�a¼i�jrsksyc�i�e}gyjb`(jJn " z2i�jl`�e<jl_�d[| �N@=gk�l_�d�c : �Ji��>gk|pjH>be qPgæ`bc�am>r��| _�>be d}qJi�e<gh`b�
e fbc(i�jb`re<jb_�d[|6nÉjbd!e fbc?d´jbjld)> c�syj�h �N@=gk�l_�d[c : �o>���n�d[jlw e fbc(i�jb`re<jb_�d[|6nÉjbd!e fbc(i/_�d}d[c/`re/d´jbjld �N@=gk�l_�d[c
: �rq � # +5fbc/`��6a�j�hY`�h5qrd[a�jDn�qJi�gh`b� x jrsk�l�rjb`b|%h5gke fße fbcÑd[c�| _bske qr`�e " z�i�jb`re<jb_�d[|8qrd[cG�rc/`bc/d}qJe<c�a�h5gke f
fbc�gk�lf�eYc�v�_�qJs	e<j�e fbc3>�qP|<c-c�skc�{ qPe<gkjl`¼nDjld�e fbc!i/_�d}d[c/`re5d´jljld �N@=gk�l_�d[c : �Ja � #

− =

a) Floor 2 contour b) Floor 1 contour c) Resulting contour d) New exterior polygon
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@=gk�l_�d[c : � �>z!c�e<c/d}w�gh`bgæ`b�@x jrsk�l��jl`b|5e<j(i�skjr|}c-c�Abe<c/d[gkjld5fbjrskc?>�c�skj�h'i/_�d<d�c/`re<d´jbjld #

+5fbc-d[c�|^_bsye!qUnDe<c/d�e fbc�|}c!jlx�c/d<qPe<gkjl`b|5gk|#qÍi�jl`b|<gk|<e<c/`�eY�Jz7>�_bgkska�gh`b�Nw�jba�c�s�h5gke f¼i�jld}d[c�i�e5e<jlx jrskjr�r� #

= �
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	��
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+5fbc!� � ; |<�l|}e<c/w�h5qJ|<>�_bgyske�jl`�e^fbc#t�;28F89.-8PZØxbshqJe[nDjld<w%�b_b|<gh`b�Ío0�lo � � ��e fbc#tbgkskgki�jl`%;-d}qrx�fbgki�|5;2(
�ld<q�x�fbgyi�|6skgt>�d<qrd[� �h� ` � �le^fbc-�pc/d}�Jc�skc�� � `bgt;-d}q���A%skg >�d}qrd[�r��qr`ba%e fbc3@³jld<w�|5_b|<c/d�gæ`�e<c/d�n�qJi�c¬sygt>�d<q�d[� �h� = � #
+5fbc-w(q 	­jbdpi�jba�c�wÍjla´_bskc�|!qr`ba@e fbc!e^qJ| ��|�e^fbc�x�c/d­nÉjld}w3qrd[c��

� # @=syjbjld-6;shqr`%o�jl`�{rc/d[|<gkjl`

�Dq �%o�jl`�{rc/d[e�e<j � `bgt;¬d<q���A
�P>�� �=c/d[g nÉ� � ;Ø|<��`�e q�A
�Åi��m��d�c/qr��n�qJi�c�|5gh`�e<j�h5ghd[c�|

" # @=syjbjld-6;shqr`%o�jld<d�c�i�e<gkjl`

�Dq �%o�jlc/d�i�c!e<j(�ld[gka
�P>��mo�skjr|<c!�lqrxb|
�Åi��mo�jld<d[c�i�e�gh`�e<c/d[|<c�i�e<gkjl`b|

� # @=syjbjld-6;shqr`m&#`�qPsy�b|<gk|

�Dq �m@=gæ`bam| x�qJi�c!i�jl`�e<jl_�d�|
�P>�� @=gæ`baGx�jld�e qJs�i�jl`�e<jl_�d[|
�Åi�� @=gæ`baGd[jbjlw gya�c/`�e<gke[�
�Åa �mo�jl`�e<jl_�d<>�d[c/qr� j­_�x

: # �Jz � jba�c�sF;!c/`bc/d}qJe<gkjl`

�Dq �%~BAbe d<_ba�c!| x�qJi�c�|
�P>��m~BAbe d<_ba�c-x�jbd[e qJsk|
�Åi��g;!c/`bc/d<qJe}c/d´jljld�|�q�`ba@i�c�gkskgæ`b��|

= # �Jz � jba�c�s
~=a�gke<gh`b�

�Dq �%t�x�qJi�c!c�a�gke<gh`b�
�P>��g6>jld[e qJs³c�a�gke<gh`b�
�Åi��g6>jld[e qJs�x�d[jre<j�e­��x�c6gh`b|<c/d[e<gkjl`
�Åa �mo�jlw(x jl`bc/`re�gæ`b|}c/d[e<gkjl`
�Åc��m��_bgkska�gh`b�%gh`re<c��bd<qJe<gkjl`

� � ;3_b|<c�|!e fbc�>�qJ|<gki({bgkc�h5gh`b�Nw�c�i�f�qr`bgk| w jJn�e fbc M � � ��MrQDZ�T x�d�jr�ld<qrw ��� � x�d[c�{bgkjl_b|<sk�Ga�c�{rc�skjlx�c�aÌgh`
e fbc/$'&�(�*)+V,[. � �ld�jl_�x(qJe��pc/d}�Jc�skc�� # +5fbgk|�{bgyc�h�gæ`b�×|<�l|}e<c/wØa�gk| xbshqU�l| � `bgt;-d<q���A×�rc�jlw�c�e d���jb`8t�;28
h�jld<��|<e qJe}gyjb`b|/��_b|<gh`b�%i/qJsksy|!e}j8e fbc?;3( skg >�d}qrd[� # 8ÔeYgk|-_b|<c�aGe<j×a�gy|^xbsæqU�me fbc)d´jbjld6xbsæq�`b|-qJe5e fbc¬{ qrd[gkjl_b|
|<e qP�rc�|!jJn5i�jld<d[c�i�e}gyjb` qr`baÌqr`�qJsk�l|}gy|U�pqr`baÑe f�d�c�cej�a�gæwÍc/`b|<gkjl`�qJs[>�_bgkska�gh`b� w�jba�c�sy|¼qJe!{ qrd�gyjb_b|�|}e qJ�rc�|!jJn

=�:



i�jl`b|<e^d<_bi�e<gkjl`Ñqr`baÑd[ce�¸`bc/wÍc/`re # +5fbc ��Z � QDT[Z�� wÍjla´_bskc¼gy|!gh`�e<c��ld<qPe<c�axh5gke fme fbc({bgkc�h�c/d��	qr`baÑi�jl`b|}gy|}e<|
jJn
q¬|<c�epjPnº_b|<c/d�gh`re<c/d­nÔqJi�c�nDjld<w�|�qr`ba8e^fbc#d[jb_be<gh`bc�|�e^f�qJe�qJskskj�h2gæ`�e<c/d<qPi�e<gkjl`W> c�eyh�c�c/`×e fbjr|}c5nDjld<w�|�qr`ba
e fbc-� � ; x�d[j��ld<qrw #

+5fbc �pZ �
	 SUT<O��¤Z �*wÍjla´_bskc8qJi�i�c/xbe}|-e fbc�z/Z[@ d´jljld!xbshqr`���i�jl`�{rc/d[e<|!gke!e<j � `bgt;-d<q���A��	qr`ba'�´ske<c/d�|!jl_be
d´jbjld8xbshqr` sæqU�rc/d�|8e f�qPe*qrd�c `bj�e*`bc�c�a�c�a2nDjld×�rc/`bc/d<qJe}gyjb`ÖjPn-e fbcÑ�Jz�w�jba�c�s # +5fbcGa´qJe q |<e d}_bi�e _�d[c
x�d[jba´_bi�c�af>r�×e fbgk|�wÍjla´_bskc!gk|5q-skgk|<e�jJn
gh`ba�gk{bgya´_�qPs
skgh`bc!|<c��lw�c/`�e<|/��e qJ�r��c�a�h5gke f×e fbc#q�x�x�d[jlx�d[ghqJe<c6shqU�rc/d
`�qrw�cme f�qJe¼| x�c�i�g4�´c�|mc/qJiRf |<c��lw�c/`�e�
 |×|<c/w(qr`�e<gkiNw�c/q�`bgæ`b� # +�fbc �pZrT^T[S ]UQ��¤Z � w�jba´_bskcNgh`�e<c�skskgy��c/`re<sk�
a�c�e<c/d<wÍgæ`bc�|!e^fbc!�ld[gka@| x�qPi�gæ`b�@q�`ba%| `�qrxb|6sygh`bc�|<c��lwÍc/`re5{�c/d[e<gki�c�|Ye}j(e fbc-�bd[gka # +5fbc/`%gke6e<c�|<e<|5e^fbc!sygh`bc
|<c��lwÍc/`re<|�nÉjld�gæw×x�d[jlx�c/d�gh`re}c/d[|<c�i�e<gkjl`Gqr`bami�jld<d[c�i�e<|�e fbjr|<c!c/d<d�jld[| # & `bjb`�j�a�gæd�c�i�e<c�aG�ld<qrx�f¼jJnp{�c/d[e<gki�c�|
gk|b>�_bgkske/�BhYfbgki�fÑgk|�_b|<c�a e}j%gya�c/`�e<g nD�Ñ{rc/d[e<gki�c�|¬e f�qJe�q�d[c(d[c^nÉc/d}d[c�aÑe<jf>��Gjl`bsk�Ñjl`bc(c�a��rcr��gh`ba�gyi/qPe<gh`b� q
�lqrx >�c�eyh�c�c/`Ñc�a��rc�| # t�_bi�fÑ�bqrxb|(qrd[c8qJsk�rjbd[gke f�w�gki/qJsksk� i�jld}d[c�i�e<c�a # z!jljld¬qr`baxh5gh`ba�j�h9|<��wb> jrsk|(qrd[c
d[c/xbshqJi�c�agh5gke f%c�Abe d<_ba´qo>bskc¬sygh`bc�|<c��lwÍc/`re<| #

+5fbc � � M����/O��ÁO w�jla´_bskc(|}c/qrd[i�fbc�|!e fbc�{rc/d[e<c�Am�ld<qrx�fmgh`mjld[a�c/d6e<jm�¸`baÑi�skjr|}c�aÑi�jl`�e<jl_�d[| # +<h�j%skgk|<e<|!jJn
i�skjr|<c�aÑi�jb`re<jb_�d[|#q�d[c-i�jl`b|}e d<_bi�e<c�a	��jl`bc¬nDjld�| x�qJi�c�|-qr`baGjl`bc¬nDjldYx jld[e qPsy| # 8Én�q%d[ced´c�i�e}c�aNi�c�gkskgh`b�Ñxbsæq�`
gk|#x�d�j {bgka�c�a	�¸q 
Ïc�i�e}c�a%| x�qJi�c-i�jb`re<jb_�d[|Yqrd[c!a�gk{bgka�c�a _�xmqrx�x�d[jlx�d�gæqPe<c�sk�%gæ`�e<j%w�_bsye}gæxbskc�i�jl`�e<jl_�d[| # ~pqJi�f
x�qJghd¬jJn�|^x�qJi�c�|�e f�qJe!gk|�i�jl`�`bc�i�e<c�a�>r�Ñq@x jld[e qPs=gy|�a�jl_�>bsk�Ñskgh`��Jc�a	�;nÉjbd<w�gh`b�Nqr` qJa 	�qPi�c/`bi��N�bd<qrx�fGjJn
| x�qJi�c�| # +�fbc/`Ñe fbc LNZ���S ���5S � S/T[MrQ��ÅZ �Gd[jl_be<gh`bc�|(x�d[jlx c/d[sk�Ñc�Ale^d<_ba�c(e fbc(i�jb`re<jb_�d[|-gh`�e<jNqÙi�jl`b|<gk|<e<c/`�e
�JzØw�jba�c�s # ~pqJi�f(|^x�qJi�cYgh`¼e fbc!skgk|<e5jPnÏ|^x�qJi�c�|Yw(qJgh`�e qJgh`b|5q¬sygk|<e�jJn	n�qJi�c�|��rc/`bc/d<qJe<c�a¼gh`¼c�Ale^d<_ba�gh`b�(e f�qJe
| x�qJi�c # 8�`¼e fbgk|/h�qU�r�bq�| x�qJi�c!i/qr`%> c-c/qJ|}gysk�¼a�c�skc�e<c�amnÔd[jbw e^fbc-�JzãwÍjla�c�s
q�`ba@d[c��rc/`bc/d<qJe}c�a%h5gke f%`bc�h
x�qrd<q�w�c�e<c/d[|�| _bi�f@qJ|�i�c�gyskgh`b�@fbc�gk�lf�eYjld�h5qJsks	i�jrskjld #

+5fbc � ���ÅQ�� � � w�jba´_bskcGgæw×xbsyc/wÍc/`re<|¼c�a�gke<gh`b�Îi/qrx�qo>bgkskgke<gkc�|@e f�qJe¼qrd[c@_b|<c�a2qJe(a�g 
	c/d[c/`re¼|<e qP�rc�|(jJn!e fbc
>�_bgkska�gæ`b�Ì�rc/`bc/d<qPe<gkjl`Ñx�d[jbi�c�|<| # �^o�jl`�e<jl_�d/�=c/d[g4�´i/qJe<gkjl` �Ñd[jb_be<gh`bc�|ÍqPsyskj�h e^fbc*_b|<c/d0e<j@|^x�c�i�g nÉ�Ìfbj�h9q
`bjl`�j�i�skjr|<c�a i�jl`re}jl_�d5|^fbjl_bska�>�c(i�jbw(xbskc�e<c�a # +�fbc �^t�x�qJi�c(~=a�gke<gh`b� �Nq�`ba �e6>jld[e qJs>~=a�gke<gh`b� �Nd�jl_be<gh`bc�|
qJskskj�h e fbcG_b|<c/d×e<jÑgh`re}c/d<qJi�e<gk{rc�sk�Öw�jba�g nÉ�ße fbcNfbc�gk�lf�e<|%qr`baÖjre^fbc/d(x�d[jlx c/d[e<gkc�|8jPn-| x�qJi�c�|(gh`2x�jld�e qJsk|
gh`�> jre f " z q�`ba �Jz3w�jba�c # $åfbc/`ÑwÍjla�g4�´i/qJe<gkjl`b|(qrd�c8w(qJa�c(gh`Ñ�Pz w�jba�c�s�j�{bgkc�h3w�jla�cr�>e fbc×| x�qJi�c
jld¬x�jld[e^qJs=gk|�d[c��rc/`bc/d}qJe<c�aÌgæ`ÌqJi�i�jld�a´qr`bi�c�h5gke fGe^fbc*`bc�h9x�d[jlx�c/d�e<gkc�| # +5fbc �^o�jlw(x jl`bc/`re38�`b|<c/d[e<gkjl` �
d[jl_be}gæ`bc�|-f�q�`ba�syc×e fbc�e d<qr`b|<shqJe}gyjb`��	d[jre qJe}gyjb`��¸qr`bamgh`b|<e qr`bi�gh`b�@jPn�x�d[cej­w�jba�c�skc�aÑi�jlw(x jl`bc/`�e<|!e f�qJe6e fbc
_b|<c/d>gh`b|<c/d[e}|=gæ`�e<j6e fbc5w�jba�c�s # &ßsygk|<e=jPn¸gh`b|<c/d[e<c�a�i�jlw×x�jl`bc/`�e<|=gk|pw(qJgh`�e qJgh`bc�a # ~pqJi�f¬i�jlw(x�jb`bc/`re>gh`�e fbc
skgk|<e5i�jl`�e qJgh`b|5q¬sygk|<e�jJn
e fbc�nÔqPi�c�|�i/d�c/qJe<c�a¼nDjld=e f�qPe�i�jbw(x�jl`bc/`�e�gh`b|<e qr`bi�cr��|}j�e^f�qJepe fbc6i�jlw(x jl`bc/`�e5i/qr`
>�c!c/qP|<gksy�%d[c/w�jJ{rc�aÍnÔd[jbw e^fbc#w�jba�c�s�g n
e fbc-_b|<c/d�gk|�a�gy|}| qJe<gk|y�´c�a # @=gh`�qJsksy�r�³e fbc � ��_bgksya�gh`b�%8�`�e<c��ld<qPe<gkjl` �
d[jl_be}gæ`bc�|=i�jbwb>bgh`bc5w�_bske<ghxbsyc5d´jljld>w�jba�c�sk|pe<jr��c�e fbc/d��U| _bgke qo>bsk�-i�skjr|<gh`b�!j 
¼c�Ale<c/d�gyjbd
fbjrskc�|^>��-i�jlw×x�qrd[gh`b�
e fbc%c�Abe<c/d[gkjld�i�jb`re<jb_�d[|¬nÉjldÍc/qJiRf d´jbjld # +5fbgk|%w�jba´_bsycGqJsk|<jÑi�jl`�e qJgh`b|(jb_be x�_be8d[jl_be}gæ`bc�|×e<jÑ| qU{rc¼e fbc
� `bg ;¬d<q���A%�rc�jbw�c�e d[�(jPnºe fbc-wÍjla�c�sD��qr`ba%e fbc!i�c�sksºq�`baNx�jbd[e qJs�gh`�nÉjbd<w(qJe<gkjl`×nDjld5o5@�&#t�+ #
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� � ;Õf�qJ|W>�c�c/`2_b|<c�aÎe}jN��c/`bc/d<qJe<cf>�_bgkska�gh`b� w�jba�c�sk|(nDjld�tbjla´q ,YqJsksD��e fbc@`bc�h o�jlw(x�_be<c/d(tbi�gkc/`bi�c
>�_bgkska�gæ`b�GqJe5��c/d<�Jc�skc��r�¸q�`ba@e fbc�� ,�c�A%+	j�h�c/d��´��q�e d�gyi����8e<c�|}e^d´jbjld5xbshqr`g>r�%o5qrd�syj¼tpuc�v�_bgæ` #

@=gk�l_�d[c = c×| fbj�h5|6e fbc�i�jlw(xbskc�e<c�a tbjba´q%,YqPsysB>�_bgkska�gæ`b� �rc/`bc/d<qJe<c�a'>r�G� � ;×��n�d[jlw�e fbc��ld[jb_�`ba%d´jbjld
��d´jbjld>���
_�x # @=gk�l_�d[c = �;| fbj�h5|
e^fbc^��nDe f�d´jljld>jPn¸tbjla´q/,YqPsysD��h5gke f¬i�jlw(x�jb`bc/`re<|U�rx�jld[e^qJsrn�d<qrwÍcpw�jla�c�sk|/�

=o=



@=gk�l_�d[c = c ��o�jlw(xbskc�e<c�a@tbjba´qW,6qJsks
w�jba�c�sD�´�bd[jl_�`ba%skc�{rc�s
qr`baGqo>�jJ{rc #

= �



@=gk�l_�d�c = ���=~
Ale d}_ba�c�a@w�jla�c�s�jJn;tbjba´qm,YqJsksD��d´jbjld = #

= i



qr`ba%|<e^qJghd[| # .�c^nDc/d�e<j?@=gy�b_�d[c : e<j(|}c�c-e fbc!jld�gy��gæ`�qPsEd´jljbd5xbshqr`¼nDjld�e fbgk|<d´jbjld #

@=gk�l_�d�c = " �O@=skjbjld5xbshqr`¼nDjld�� ,�c�Af+	j�h�c/d��?>�_bgyska�gh`b� #

@=gk�l_�d[c = � �^;!c/`bc/d}qJe<c�a%|<gh`b�rskcejPd´jbjldY�Pz w�jla�c�sÏnÉjld � ,5c�A%+�j�h�c/d���>�_bgkska�gh`b� #

@=gk�l_�d[c = " | fbj�h5|pe^fbc-d´jbjld�xbshqr`×nÉjbd=e fbc�� ,�c�AW+�j�h�c/d�� # +5fbcVd´jbjld�xbsæq�`mh�qP|pa´d<q�hY`�h5gke f×e fbc#q�x�x�d[j�j

=o`



@=gk�l_�d�c =�: �B+5fbc �e,5c�A%+	j�h�c/d���>�_bgkska�gæ`b�m�rc/`bc/d<qJe}c�af>r�%� � ; #

x�d[ghqJe<c�sæqU�rc/d�|�_b|<gh`b��e fbc �pM � 	 MJO x�d�jr�ld<qrw nDjld;e fbc � qJi�gh`re}jr| f # +5fbgk|5xbsæq�`(gk|�q�`(c�Abi�c�sksyc/`�e�gksysh_b|<e^d<qJe<gkjl`
jJn
e^fbc-`bc�c�a¼nÉjld�e fbc!��c�jlw�c�e d[gki6i�skc/qr`l_�x*nÉc/qPe _�d[c�|5jJn>e fbc#� � ;�|<�b|<e<c/w # � gh`bjld�w�jba�g4�´i/qJe<gkjl`b|6e<j�e fbc
� � ; |<�l|}e<c/w h�c/d�c*d[c�v�_bghd[c�aÎgh`Îjld�a�c/d-e}j@�rc/`bc/d<qPe<c8e^fbc@�Jz wÍjla�c�s�n�d[jlw,e fbc � ,5c�A +	j�h�c/d��Ñxbshqr` #
@=ghd[|<e/��a�jljbd!|<��w?>�jrsk|?h�c/d[c�a´d<q�hY`'h5gksks�e h�j 	<qrw?>mc�a��rc�|(xbsæ_b|�eyh�j O ����� c�a��rc�|��=e fbc(|<gksks�c�a��rc�|-i�jbd<d[cej
| x jl`baÎe<j@e^fbc%e h�jmc�a��rc�|(� � ;Õ`bjld}w(qJsksk� i/d[c/qPe<c�|?hYfbc/` x�d�jli�c�|<|}gæ`b� a�jljld¬|<��w?>�jrsk| �Ôtbc�i�e<gkjl` i�# ��� #
&6sy|}j´�´w�jr|}e5c�a��rc�|5jl`Ùe fbgk|#xbshqr`Ùa�j8`bjre5c�A�fbgt>bgke-x�d[jlx�c/d�i�jl`�`bc�i�e<gk{lgke[� # +5fbgk|6gy|)>�c�i/q�_b|<c-jl`bsk�@q�|^w(qJsks
x�qrd[e�jJn>e fbc/d´jljbd5xbshqr`mh5qJ|�a´d<q�hY`¼c�AWxbskgki�gke<sk� ��e^fbc-d[c�|<e<h5qJ|��rc/`bc/d<qJe<c�af>��8_b|<gh`b�¼e fbc!ghw(x�d[c�i�gk|<c¬i�jlxr�
qr`ba2d[jre qJe}c(nDc/qJe _�d[c�|×gæ`ßo5qr`�{ qJ| # @=gk�l_�d[c =o= q | fbj�h5|(qÑx�jld�e<gkjl`ÎjJn!e fbc � ,�c�AS+�j�h�c/d��Ñxbshqr` # +5fbc
eyh�j(a�jljbd 	<qrw?>%c�a��rc�| � @=gy�b_�d[c =o= q�j ���5qrd�c�x�jbjld[sk�GqJskgy�b`bc�axh5gke f%e^fbcbh5qJsks>e<j�hYfbgki�fme fbc��@| fbjb_bsyax> c
qJa 	<qJi�c/`�e �N@=gk�l_�d[c =o= q�j " � # &#`ÎqPa�a�gye}gyjb`�qJs�i�syc/q�`l_�xÌ|<e}c/xxh5qJ|�qJa�a�c�a e}jN� � ;3gh`Îd[c�| x jl`b|<c¼e<jGe fbgk|
x�d[jH>bskc/w # & 	�qrw?>�j�| `�q�x�xbgæ`b�%qJsk�rjld�gye^f�w h5qJ|5qrx�xbskgkc�a	�EhYfbgkiRfÙskjli/qJe}c�|Ye fbc�`bc/qrd[c�|<eVh�qPsys�c�a��rc¬e<j(c/qJi�f
	<qrw?>@c�a���cr�
qr`baÑx�d[jlx c/d[sk�Ge d<qr`b|<shqJe}c�|-qr`baÑd[jre qJe}c�|Ye fbc 	�qrw?>mc�a��rc�|<j%e f�qPe!gye-qPsygk�l`b|�x�d[jlx c/d[sk�xh5gke f
e fbc/h5qJsks # +5fbcYe^d<qr`b|<shqJe<gkjl`Íe qr�Jc�|�xbsæqPi�c-x�c/d<x c/`ba�gyi/_bshqrd6e}j-e fbc-h5qJsks�c�a��rcr��qr`ba(e^fbc 	<qrw?>�c�a��rc6gk|5e fbc/`
d[jre^qJe<c�a¼|<j(e f�qJe�gke5gk|6i�jrsksygh`bc/qrdVh5gke fÙe fbc)h5qJsks¸c�a���c # +5fbc-xbshqr`@qP|5gke5gk|5i�jld<d[c�i�e}c�af>r�%� � ; gk|5| fbj�hY`
gh`%@=gk�l_�d[c =�= > #

@=gk�l_�d[c = �¬| fbj�h5|5q!|<gh`b�rskc¬�rc/`bc/d<qJe<c�a�d´jbjld�jJn
e fbc � ,�c�AW+	j�h�c/d��?>�_bgyska�gh`b�´�	qr`bam@=gk�l_�d[c =�: | fbj�h5|�e fbc
c/`�e<ghd[cb>�_bgkska�gh`b�@qJ|5�rc/`bc/d<qPe<c�a%a´_�d[gh`b�*q�`%gh`re}c/d<qJi�e<gk{rc!|<c�|}|<gkjl`%h5gke fm� � ;�gh`mqo>�jl_be6�oc(w�gh`b_be<c�| #
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a) Before jamb−to−wall snapping b) After jamb−to−wall snapping
    and subsequent correction steps

1

1

2

@=gk�l_�d[c =o= �B6>jld[e}gyjb`¼jJn � ,�c�Af+	j�h�c/d��(xbshqr`f> c^nÉjbd[c-qr`ba@qUnDe<c/d 	<qrw?>�j�e<j�j]h5qJsks�| `�qrx�xbgh`b� #
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o�jlw×xbsyc�e}c�a >�_bgkska�gæ`b�Gw�jba�c�sy|!qrd[c�n�_bsysk�mi�jlw(x�qJe<gt>bskc3h�gye^f%e fbc-��c/d<�Jc�skc��%$'&)(�*)+-,/. � {bgk| _�qJskg �/qJe<gkjl`
|<�b|<e<c/w �h�r� � # +5fbc/$'&�(w*)+-,[. � |<�b|<e<c/w9x�c/d�nDjld<wÍ|p{bgy|}g >bgkskghe[�@x�d[c/x�d[jbi�c�|<|<gh`b� �h�/� � q�`ba%syc�{�c�s�j�jPnMj�a�c�e qPgys
w(qr`�qP�rc/w�c/`�e �h��c � e}j@d[c�a´_bi�c8d[c/`ba�c/d[gh`b�me<ghw�c8qr`baGgh`bi/d[c/qJ|<cÍnÔd<q�w�c(d<qJe<cr��qr`ba x�d[jJ{bgka�c�|-qr`Ggh`re^_bgye}gy{�c
gh`re}c/d�nÔqPi�c5nDjldp_b|}c/dp`�qU{lgk�lqPe<gkjl`(e^f�d[jl_b�lf�e^fbcY{bghd[e _�qJs³c/`r{bghd[jl`�w�c/`�e # � |<gh`b��e fbc[$'&)(�*)+-,/. � |<�b|<e<c/w%�
gkeYgk|!x�jr|}|<gt>bsyc¬nDjld�e fbc-_b|}c/d5e<j×jH>be qJgh`%qr`Ùgæw×x�d[c�|<|<gkjl`ÙjJnºe^fbcb>�_bgkska�gæ`b�ÙnÔd�jlw9e fbc3>�_bgkska�gh`b�@jbi�i/_�x�qr`re�
 |
x�c/d�| x�c�i�e<gk{rc #

+�jÍ_b|}c-qb>�_bgkska�gh`b�@w�jba�c�s�h�gye^f¼e fbc[$'&)(�*)+-,/. � ��e^fbc-w�jla�c�s	w�_b|<e5w�c�c�e�e fbc6i/d[gke<c/d[gkjl`ÙjJn
i�jl`�e qJgh`�j
gh`b�%jl`bsk�Nq�Abgk|yj­qJskgk�l`bc�a	�>i�jl`�{rc�A%jli�i�sh_ba�gh`b�Ñx�jrsk�b�rjl`b|���e^fbc/d[c^nÉjbd[cr�¸� � ;9x�d[jba´_bi�c�|�w�jba�c�sk|!e f�qJe!w�c�c�e
e fbgk|!i�jl`ba�gke<gkjl` # +5fbc/`��E$'&)(�*)+-,/. � _be<gkskgye}gyc�|(x�d[jbi�c�|<|!e fbc �¸`bgk| fbc�a w�jba�c�sºq�`baNi/d�c/qJe<c�q¼��c/d<�Jc�skc��
$'&�(w*)+-,[. � j�i�jlw(x�qJe}g >bskc¼a´qJe qo>�qP|<cr��h6fbgyi�fmi/qr`me fbc/`'>�c8_b|}c�a h�gye^f@e^fbc�gh`�e<c/d<qJi�e}gy{�c�{bgk| _�qJskg �/qJe<gkjl`
|<�b|<e<c/w #
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+5fbc!��c/d<�Jc�skc���$'&�(w*)+-,[. � |}�l|<e}c/w�_be}gyskg ��c�|5e fbc6i�jl`bi�c/xbe�jJn	{bgy|}g >bgkskgke[� ] S � � O e}j-| x c�c�a@d[c/`ba�c/d[gh`b� # 8�`
e fbc�|<c6|<�b|<e<c/w�|U�rc/qJi�f(i�c�sks�gk|5q-{�jrsh_�w�c�> jl_�`ba�c�af>��(jli�i�sh_ba�c/d[| �Åjlx�qJv�_bcYx�j�sy�b�rjl`b| ����h5gke f 	�ZrT^QDM�� O e f�qJe
qJskskj�h {bgy|}gyjb`Ìgæ`�e<jme fbc8qJa 	<qJi�c/`�e-i�c�sks5qr`ba x�j�|<|<gt>bsk� > c��rjl`ba # +5fbc×i�jlw(x�_be qJe}gyjb`b|�x�c/d­nÉjld}w�c�a gh` e fbc
��c/d<�Jc�skc��'$'&�(�*)+V,[. � |<�b|<e<c/w d[c�vW_bghd[c×e f�qJe6e fbc�|<c(i�c�sksk|-i�jl`b|}gy|}e!jJn�d[c�i�e}gyskgh`bc/qrd��=q�Abgk|yj­qJskgk�l`bc�a	�=qr`ba
i�jl`�{rc�A¼i�c�sysk| #

tbgh`bi�cÑgkeWh5qJ|×jl`bcGjJn#e^fbc@�rjlqPsy|×nDjld(e^fbcN� � ;�|}�l|<e}c/w4e<jÎx�d[jla´_bi�cÑ�Jz�wÍjla�c�sk|¼nDjld(e^fbcN��c/d<�Jc�skc��

�oc



$'&�(w*)+-,[. � |<�b|<e<c/wÙ�W� � ;Øjbxbe<gkjl`�qJsksk�f>�d[c/qr��|5| x�qJi�c�|5gh`�e<j8d[c�i�e^qr`b�l_bshqrd�i�c�sysk|/��qJ|Yd�c�vW_bghd[c�a'>r�¼e fbc
{bgy|}g >bgkskgke[� qJsk�rjld�gye^f�w�| # @=gk�l_�d�c = �o> | fbj�h5|�e fbc*d�c�| _bske(jJn#qrx�xbsk�bgh`b� e fbcf>�d�c/qr�l_�xÎqPsy��jld[gke f�w,e<jGe fbc
jld[gk�rgh`�qJs�|<c�e5jJn=| x�qJi�c!i�jl`�e<jl_�d�|5| fbj�hY`¼gh`%@=gk�l_�d[c = �rq #

a) b)

@=gk�l_�d[c = � �ºt�x�qPi�c�|�> c^nÉjld�c�qr`ba@qUnDe<c/d->�d�c/qr�l_�x¼gh`�e<j(i�jl`�{rc�A¼i�jlw(x jl`bc/`re}| #
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&å| _bgke<c!jPnº_be<gkskgye}gyc�|!gk|Y_b|}c�a8e<j�i�jl`�{rc/d[e�e fbc!�Jz � `bgt;¬d<q���A8w�jba�c�s	jJn>e fbc�>�_bgkska�gh`b�%gh`re<j�e fbc!a´qPe qo>�qJ|<c
nDjld<w(qJe-_b|}c�a >��Ñe fbcm$'&�(�*)+V,[. � {bgk| _�qJskg �/qJe<gkjl`Ì|<�b|<e<c/w # +5fbgk|�i/q�`�> c*d<_�`ÌqJ|�q >�qPe<iRf x�d[jli�c�|}|/�
qr`ba%e q��Jc�|5jl`¼e fbc!jbd[a�c/d�jJnpq¬nDc�h'w�gh`l_be}c�| #

8�`×jld[a�c/d>e}j!jH>be qJgh`×e fbcYw�jr|}epd[c/qJskgk|<e<gki�>�_bgkska�gh`b�8w�jba�c�s¸x jr|<|<gt>bskcr��e fbcY_b|}c/dpw(qU�3h�gy|^f(e<j-x jlx�_bshqJe<c6e fbc
�¸`�qJs�w�jba�c�sHh5gke f¬jH> 	­c�i�e<|�| _biRf�qJ|�n�_�d<`bgke _�d[cr�Je f�qJe=qrd[c�`bjre>i�jl`b|<gka�c/d[c�a(x�qrd[e>jJn´e fbc<>�_bgyska�gh`b��gke<|<c�s n # @´jld
c�A�qrw(xbskcr�Oh�c¼f�q/{�cÍwÍjla�c�sk|¬nÉjbd!a�c�| ��|/�	i�f�qJghd[|/�>shqrw(xb|U�
qr`ba xbshqr`�e<|¬nDjld!tbjla´qg,YqPsys # 8�`bi�sh_ba�gh`b�Ìe fbc�|<c
jH> 	[c�i�e<|(gh` e fbc@w�jba�c�sYw(qr�Jc�|×e fbcf>�_bgksya�gh`b�ßc/`r{bghd[jl`�w�c/`�e8w�jld�c@d[c/qJskgk|<e<gkiÑqr`baÎgh`re<c/d�c�|<e<gh`b� # +5fbc�|<c
jH> 	[c�i�e<|�i/qr`(c�gke fbc/d<> c-qJa�a�c�a*qP|�x�qrd[e�jJn
e fbc)>�qJe<i�f(x�d[jbi�c�|<|�e f�qJe�i/d[c/qJe<c�|�e fbc6a´qJe qo>�qJ|}cr�rjld�_b|<gh`b�(e fbc
gh`re}c/d<qJi�e<gk{rc2$ &)(�*!~;z38]+2c�a�gke<jld6x�d[jr�bd<qrw � : � #
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+5fbc�_b|<c/d5w(qU�¼gæ`�e<c/d<qPi�e<gk{rc�sk�@`�q/{bgk�lqJe<c!e^fbc-i�jlw(xbskc�e<c�a'>�_bgksya�gh`b�ma´qJe qo>�qJ|}c # @=gk�l_�d[c = i | fbj�h5|5q�{bgyc�h
jJn
e^fbc-�Je f¼qr`ba i e f?d´jbjld[|�jJn=tbjla´q�,6qJsksD��i/d[c/qJe}c�a%h5gke f(e^fbc-� � ;�|<�b|<e<c/wÙ�Jn�d[jlw h5gke fbgh`%e fbc/$'&�(w*Vj
+-,/. � c/`�{lghd[jb`�w�c/`re #

8�`Ùe fbc)$'&�(w*)+-,[. � c/`r{bghd[jl`�w�c/`�e/��e^fbc-w�jl_b|<c3>�_be<e}jl`b|Yqrd[c!_b|<c�ame<j�| x�c�i�g nD�%nDjldyh5qrd[a(jbd->�qJi��oh5qrd[a
w�jre}gyjb`��5qr`ba2e fbcGsæqPe<c/d<qJsYx jr|<gke<gkjl`2jPn-e fbcNw�jb_b|<cGi/_�d[|<jld×i�jl`�e d[jrsk|¼e fbc@e _�d}`bgæ`b�Öd}qJe<c # ;¬d<qU{lgke[�Ìgy|
|<ghw�_bshqJe<c�a ��nÉjbd>c�AWqrw×xbsycr�be fbc6_b|<c/d=i/qr` h�qPsæ��_�x�jbd>a�j�h6`�|<e qJghd[|=|}gæw×xbsy�m>r�(w�jJ{bgæ`b�0nÉjbdyh5qrd[a # 8�`re}c/d[gkjld
jH> 	[c�i�e<|6i/qr`f> c8xbgkiR�Pc�a _�xGqr`baÑw�jJ{rc�a@q�d[jl_�`ba # ��c/f�q/{bgkjld[|-qrd�c�qJ|<|}jli�ghqJe<c�agh5gke fmc/qJi�f@j�> 	­c�i�eU�´| _bi�f
e f�qJe¬c/qJi�fÑjH> 	­c�i�e¬i/qr`�> c@w(qr`bghx�_bshqJe<c�a�h5gke f jl`bsk�Ìe h�j%a�c��ld�c�c�|�jPn5nÔd�c�c�a�jlw �>nDjld!c�A�qrw(xbskcr�pqma�c�| �
qJs�h5qU�l|5d[c�|<e}|�jb`(e fbc/d´jbjld��b|<j(w�jJ{rc/wÍc/`re�gy|/>r�¼a�c^nÔq�_bsye6qJskjl`b��e fbc/d´jljbd�xbshqr`bc # .�c^nÉc/d�e<j �h�r� � qr`ba � : �
nDjld5w�jld�cYa�c�e qPgyskc�aGa�gk|<i/_b|<|<gkjl`b|!jPnºe fbc)$'&)(�*)+-,/. � qr`ba%$'&�(�*!~;z38]+ c/`r{bghd[jl`�w�c/`�e<| #

���



@=gy�b_�d[c = i �=tbjba´qW,6qJsks
�Je f�d´jbjld�i�jbd<d[gka�jld���h�gye^f i e f�d´jbjld5qo> j {�c #
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+5fbc \ 8�t�+2o<@�&#t�+ �¸d[c6|<ghw�_bshqJe}jld �h�/� � |<ghw�_bshqJe<c�|�e fbc6| x�d[c/qJa¼jJnE�¸d[c6e f�d[jl_b�bf�{lghd[e^_�qJs´c/`�{lghd[jb`�w�c/`re}| #
��_bgksya�gh`b�Îw�jba�c�sy|×�rc/`bc/d<qJe<c�a h5gke f � � ;�i/qr`�> c8c�A�x�jbd[e<c�aÌgæ`Îq*nÉjbd<w(qJe-qrx�x�d�jlx�d[ghqJe<c×nÉjbd-_b|<cmh5gke f
o<@�&!t�+ # o<@�&#t�+Ød�c�vW_bghd[c�|¬e f�qJe!e fbc�>�_bgkska�gæ`b� c/`r{bghd[jl`�w�c/`�e3>�c(a�c�|}i/d[gt>�c�aÎqJ|-q¼i�jrskskc�i�e<gkjl`ÑjPn�d[gk�lf�eyj
d[c�i�e q�`b�l_bshqrd¼{rjrsh_�w�c�|/��jld �<i�c�sksy| �´�!qr`baåx�jld[e^qJsk|8e f�qPe8i�jl`�`bc�i�e%e^fbjr|<cGi�c�sksy| # +5fbcma�ghw�c/`b|<gkjl`b|Ñqr`ba
skjli/qPe<gkjl`b|%jJn-{rjrsh_�w�c�|@q�`ba x jld[e qPsy|¼i/qr`�>�cGjH>be^qJgh`bc�a gh`ß|<e d}qJgk�lfre�nÉjld�h�q�d[aÌnÔqP| fbgkjl`Ìn�d[jlw e fbcGa´qJe q
|<e d}_bi�e _�d[c�|-a�c�{�c�syjbx�c�a >��Ñ� � ; a´_�d�gæ`b�Ge fbc�d´jbjld-xbshqr`Îqr`�qPsy�b|<gk|(x�f�qJ|<c # 8�`Ìx�qrd[e<gki/_bshqrd��;| x�qJi�c�|�jl`
e fbc?d´jbjld¬xbsæq�`Îqrd[c(skgh`��Jc�aÎe<j@qJa 	<qJi�c/`�e�x jld[e qJsk|/�=qr`baÌx�jld[e^qJsk|Íq�d[c(skgh`��Jc�aÎe<j@qJa 	<qJi�c/`�e-| x�qJi�c�| # +5fbc
>�jb_�`ba�gæ`b�¬{rjrsh_�w�c�jJn´c/qJi�f¬| x�qJi�c�gk|=a�c�e<c/d<w�gh`bc�aW>��!nDjld<wÍgæ`b�!q/>�jl_�`ba�gh`b��>�j�A-qrd[jb_�`ba�e^fbc " zÖi�jl`�e<jl_�d
nDjld�c/qJi�f%| x�qPi�cr�¸qr`bamc�Ale^d<_ba�gh`b�8gke6e<j(e fbc�fbc�gy�bfre6jJnpe f�qJe�| x�qJi�c-gh`Ùe fbc��Jz wÍjla�c�s # 6>jbd[e qJsk|Yqrd�c!e h�j�j
a�ghw�c/`b|<gkjl`�qJs¬i�jl`�`bc�i�e<gkjl`b|f> c�e h�c�c/`ß{rjrsh_�w�c�|��!e fbcGa�c/xbe fßjJn-e fbcÑx�jbd[e qJs6gk|@`bjre8ghw(x jld[e q�`re¼gh`2e fbc
i/_�d<d[c/`�e5ghw(xbskc/w�c/`�e qJe<gkjl`mjJn=o<@�&#t�+ #

+5fbc!i/_�d<d�c/`re5ghw(xbskc/w�c/`�e qJe}gyjb`%jJnºo5@�&#t�+2d[c�v�_bghd[c�|Ye^f�qJe�{rjrsh_�w�c�|Yqrd�c-d[c�i�e<gkskgæ`bc/q�d # +�fbgy|6`bc�i�c�|<|<gke qJe<c�|
c�gke fbc/d)>�d[c/qr��gh`b�@_�x%jld�|<ghw(xbskg nÉ�bgh`b�N`bjl`�j­d�c�i�e qr`b�l_bshqrd6| x�qPi�c-i�jl`�e<jl_�d[| # o5_�d<d[c/`�e<sk�r��| x�qJi�c�|!qrd[c�x�qrd[e<g4j
e<gkjl`bc�a(gh`�e<j�d�c�i�e qr`b�l_bshqrd=xbgkc�i�c�|��N@=gk�l_�d[c =o` q �	�rqJe=c/qJi�f�c�a��rc�gh`b|<c/d[e<c�a¼e<j3>�d[c/q��-_�x(q6| x�qPi�cr�lq!o<@�&!t�+
x�jbd[e qJsbgk|pi/d[c/qJe}c�a	��hYfbgkiRf×i�jl`�`bc�i�e<|=e fbc�e h�jYd�c�| _bske<gh`b�Ío5@�&#t�+Ì{rj�sæ_�wÍc�| # +5fbgk|pi/qr`�d[c�| _bske�gæ`×qr`�_�`ba�cej
|<ghd<qo>bsk�(fbgk�lf¼`l_�w?>�c/d;jJn¸{�jrsh_�w�c�|pg n	e fbc/d[c5qrd[c � `bjljb�r| �!jbd=x�d[jre d<_b|}gyjb`b|=gæ`¼d[jbjlw h�qPsysk|��bgh`?@=gk�l_�d[c =o` q��

� "



e fbc¬e h�j(jbd[gk�rgh`�qJs=| x�qJi�c�|!d[c�| _bske!gh`G`bgæ`bc(o<@�&!t�+ {rjrsh_�w�c�| # 8�`me fbc¬nÔ_be^_�d[cr��h�c¬gæ`�e<c/`baGe<j¼ghw(xbskc/w�c/`re
q¬|<ghw(xbskg4�´i/qJe<gkjl`@qPsy��jld[gke f�w e f�qJe�h5gksysÏnÉjld}w7>�jb_�`ba�gæ`b�%>�j�Abc�|5qrd[jl_�`ba¼| x�qJi�c�|��N@=gk�l_�d[c =o` >����Wx�q�d[e<gke<gkjl`
| x�qJi�c�|6jl`bsk�@g npe fbc�ghd)> jl_�`ba�gh`b�f>�j�Alc�|6jJ{rc/d[shqrx��N@=gk�l_�d[c =�` i����´qr`bamc�AWx�q�`ba d�c�| _bske<gh`b�%| x�qJi�c�| �N@=gk�l_�d[c
=o` a �>|^_biRf×e f�qJe=e fbc��(qrd�cYqJa 	<qJi�c/`repqPsyjb`b��q ��c/d�j�j]h5gka�e fm>�jl_�`ba´qrd��ÍqPsyjb`b�3hYfbgki�f8o<@�&!t�+Öx jld[e qPsy|�w(qU�
c�Abgy|}e #

a) Space contours broken into
    multiple rectangular contours

b) Bounding boxes overlap

c) Space on left partitioned,
    eliminating overlap

d) Final simplified representation

@=gk�l_�d�c =o` �=o5d[c/qJe}gæ`b�¼d[c�i�e qr`b�l_bshqrd�| x�qJi�c!i�jb`re<jb_�d[|Yd[c�v�_bghd[c�a%nDjld�d[c�i�e<gkskgh`bc/qrd!o<@�&!t�+2{rjrsh_�w�c�| #

&�nÉe<c/d�d[c�i�e}gyskgh`bc/qrd[g �/qJe}gyjb`��´e fbc-d�c�| _bske<gh`b�(gh`�x�_be5e<j�o5@�&#t�+ßgk|Yq¬skgy|}e5jJn	i�c�sksy|!qr`ba%x�jld�e qJsk| # ~�qJiRf¼x�jbd[e qJs
a�ce�¸`bgke<gkjl`×i�jl`re^qJgh`b|
e fbc�eyh�j�j�a�ghw�c/`b|<gkjl`�qJs´wÍc/qJ| _�d[c/w�c/`�e<|>jJn¸e^fbc�x�jbd[e qJsbjlx�c/`bgh`b� �Dfbc�gk�lfrepq�`babh�gya�e^f�� #
~pqPiRf0i�c�sys³a�ce�¸`bgke<gkjl`�i�jl`�e qJgh`b|=e f�qJe�i�c�sys 
 |<>�jl_�`ba�gh`b�¬{rjrsh_�w�c�a�ghw�c/`b|<gkjl`b|/��qr`ba�x�jrgh`�e<c/d[|=e<j6e fbc5x�jld�e qJsk|
e f�qJe�i�jl`�`bc�i�e6e f�qJe�i�c�sys�e<j(gke<|Y`bc�gk�lf�>�jld�i�c�sksk| #

+5fbc�o<@�&#t�+ |<�b|<e<c/w e qr�Jc�|>w(qJe<c/d[ghqJsk|px�d[jbx�c/d[e<gkc�|>gh`re<j-qPi�i�jl_�`rewhYfbc/`�x�c/d�nDjld<w�gh`b�!e fbc
�¸d[cp|}gæw�_bshqJe<gkjl` #
~pqPiRfÙi�jrskjld6jld�e<c�Ale^_�d[c-gh`Ge fbc(�Jz9w�jba�c�s
i/qr`'> cÍw×qrx�x�c�aGe<j%q¼| x�c�i�g4�´i8w×qJe<c/d[ghqJs�nÉjbdYo<@�&!t�+ # +5fbc
o<@�&!t�+Î|<�b|<e<c/w h5gksks�>�c-_b|<c�a%e}j�x�c/d­nÉjld}wØ{ q�d[gkjl_b|5|<ghw�_bshqJe<gkjl`b|5jJn	e fbc6| x�d[c/qPa8jJnw�¸d[cYe^f�d[jl_b�lfbjl_be�e fbc
tbjba´qf,6qJsks >�_bgkska�gæ`b�Ìqr`baÑjre fbc/d)>�_bgkska�gh`b�r|8w�jba�c�skc�a�h�gye^fGe fbc8� � ;9|<�b|<e<c/w # +�fbc8o<@�&!t�+�|<�l|}e<c/w
gk|-qJsk|<j¼i/_�d<d[c/`�e<sk�f>�c�gh`b�@qJa´qrxbe<c�ame<j¼gæ`�e<c/d<qPi�e<gk{rc�sk�@a�gk| xbshqU�@e fbc�x�d[jr�ld[c�|}|YjJn=e fbc �¸d[c�e f�d[jl_b�lfbjb_be5e fbc
{bgæd�e _�qJs	c/`�{lghd[jb`�w�c/`reU�´_b|<gh`b�8e^fbc)$ &)(�*)+-,/. � |<�b|<e<c/w3qJ|6q�a�gk| xbshq/�@xbshqJe�nÉjld}w � = � #

�r�
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&�|<gk�l`bg4�´i/qr`re6x�jld[e}gyjb`¼jJn
e fbc-� � ;�|<�b|<e<c/w9gk|5a�c�{rj�e<c�a8e}j�i�skc/qr`bgh`b�@_�x¼e fbc!��c�jlw�c�e d[��jJn=gh`�x�_be<d´jbjld
xbshqr`b|/�=qr`baÑa�c�{�c�syjbxbgæ`b� e fbc(|<c/w(q�`re<gki¼gh`�nÉjld}w(qJe<gkjl`Ñ`bc�i�c�|}| qrd[�mnDjld!c�Abe d<_b|<gkjl` qr`baÑc�a�gke<gh`b� # o�skc/qrd�sy�r�
e<jbjrsk|�e f�qJe5qJ|<|<gk|<e�e fbc-q�d[iRfbgke<c�i�e�gh`@x�d�jla´_bi�gh`b�(i�skc/qr`��³|<c/w(qr`�e<gki/qJsksk�8i�jbw(xbskc�e<c/d´jljbd5xbshqr`b|-h�jl_bska@fbc�shx
e<j(c�skghw�gh`�qJe<c�|<jbw�cYjPnºe fbc-d�c�vW_bghd[c�agd´jbjld5xbshqr`@x�d�jli�c�|<|}gæ`b�%qr`ba%i�jld}d[c�i�e<gkjl` #

+5fbc/d[c-q�d[c!|<jlw�c6|<ghw(xbskcr�³i�jlw(w�jl`�j�|}c/`b|<c!�l_bgka�c�skgæ`bc�|¬e f�qJe5_b|<c/d[|�jJnºc�Abgk|<e<gh`b�(a´d<q nÉe<gh`b�(e}jljrsk|-h�jl_bskaf> c
h�c�sks�qJa�{bgk|<c�a e}j¼nÉjrskskj�h7hYfbc/` i/d[c/qJe<gh`b�@a�c�e^qJgksyc�a d´jbjld-xbshqr`b| # @=ghd[|<e/�>d[jljbw�|!| fbjl_bska�>�c(a´d<q�hY` qJ|-q
|<c�v�_bc/`bi�c!jJn	c�a��rc�|�e f�qJe�| f�qrd[c5c/`ba´x jrgh`re}|/�´d<qJe^fbc/d=e f�qr`×qJ|�q¬i�jrskskc�i�e<gkjl`¼jJn	gh`ba�c/x�c/`ba�c/`�e<sk�oj­x shqJi�c�aGsygh`bc
|<c��lwÍc/`re<| # +�fbgy|6c�skghw�gh`�qJe<c�|6e fbc-x�jr|}|<gt>bgyskgke[�@jJn>a�gy|
	­jrgh`�e5jld�ghw(x�d�jlx�c/d[sk�%jJ{rc/d[shqrx�xbgh`b�(c�a���c�| # 8De�gy|6qJsk|<j
jJn > c/`bce�´e-e<j%e fbc�a´d<q nÉe<|^x�c/d[|<jb`%hYfbj%a´d<q�h5|6e fbc2d´jbjldYxbshqr`��>i�skc/qrd[sk�r��gye!gk|!c/qJ|}gyc/d¬qr`baÑw�jld[c¬c � i�gkc/`re
e<j%i�skgkiR� qr`baÑi/d[c/qJe}c(e fbc �%{�c/d[e<gki�c�|-jJnYq%d[jbjlw i�jl`re}jl_�d��	d<qJe^fbc/d6e f�qr`Gi/d[c/qPe<gh`b�Nqr`baÑgh`ba�c/x c/`ba�c/`re<sk�
x�j�|<gke<gkjl`bgh`b� �¬skgh`bcY|<c��bw�c/`re}| # tbc�i�jl`ba	�r|<��w?>�jrsk|;nÉjld>a�jbjld[|�qr`ba�h5gh`ba�j�h5|�| fbjl_bskaW>�c6gh`b|<e qr`bi�c�|�jJn
x�d[cej
a�ce�¸`bc�a(x�d[ghw�gke<gk{rc�|/��h5gke f-qJsksbe fbc�`bc�i�c�|}| qrd[�!e[��x�c�|>jJnWc�a���c�|=e f�qJe	i�jlw×x�d[gk|<cpc/qJi�f!|}�Ww?>�j�sri�shqJ|<|<g4�´c�a(gh`�e<j
e fbc�qrx�x�d[jlx�d[ghqJe}cpshqU�rc/d[| # 8Ån´e fbgk|pd<_bskcpgk|p`bjreÏnÉjrskskj�h�c�a	�Je fbc/d[cpgk|pq5`bc�c�a¬nDjld	q�| x�c�i�g4�´iYx�d�c/x�d[jli�c�|}|<gh`b�!|<e<c/x
nDjld=c/qJi�f×|<c�e�jJn�d´jbjld�xbsæq�`b|�gh`¼jld�a�c/dpe}j-i�shqJ|<|<g nD�8c/qPiRf×|<��wb> jrs�c�a��rc6gæ`�e<j�e fbc!qrx�x�d[jlx�d�gæqPe<cY�bd[jl_�x���qr`ba
e fbc/d[c¼gk|(`bj@�l_�qrd}qr`re}c�c(e f�qJe¬c�a��rc�|?h5gksys-> c8i�shqJ|<|}g��´c�aÎi�jbd<d[c�i�e<sk�xhYfbc/` e fbc¼jlx�c/d}qJe<gkjl` gy|(x c/d�nÉjbd<w�c�a
qr_be<jbw(qJe<gki/qJsksk� # @=gh`�qJsksk�r�5d[jbjlw,sæq�>�c�sk|8|^fbjl_bska >�c@x�d�j {bgka�c�a	��q�`baÖx�jr|<gke<gkjl`bc�aß|<jlw�c�h6fbc/d[c*`bc/q�d�e fbc
i�c/`�e<c/d�jJn!c/qJi�fÌ| x�qJi�c # &6|<gka�cmnÔd[jbw�x�d�j {bgka�gh`b� |<jbw�c%gka�c/`re<gke[�Îgh`�nÉjbd<w(qJe<gkjl` nÉjbd-c/qPiRfÌ| x�qPi�cr��e fbc�|<c
shqo>�c�sk|8qPsy|}j@n�qJi�gkskgke qJe<c%e fbc¼skjli/qPe<gkjl`ÌjJnYqmi�syj�|<c�a i�jb`re<jb_�d!nDjld0c/qJiRf | x�qJi�c%>�� x�d[jJ{lgka�gh`b�Ge fbc¼|<�l|}e<c/w
h5gke fGe^fbcÍ�b`bj�h5skc�a��rc�jJn h6fbc/d[c(e fbc�gh`b|<gka�c8jPn�e fbc(d[jbjlw gk| # $ gke fme fbgk|��l`bj�h5skc�a��rcr��e fbc�|<�l|}e<c/w i/qr`
skjljb�%nDjld0e fbc(i�skjr|<c�|<e2h5qJskspc�a��rc8q�`ba x�c/d�nDjld<w,q%|<c/q�d[iRfme<jÙnÉjbd<wÕq%i�skjr|<c�aÌi�jl`�e<jl_�d6i�jl`�e qJgh`bgh`b�Ge f�qJe
h5qJsks	c�a��rc #

&�|}c�e8jJn-e}jljrsk|%e f�qPeWh�jl_bska2ghw(x�d[jJ{rc@e^fbcN��c�jlw�c�e d[gkiGi�jld<d�c�i�e `bc�|<|%qr`ba2|<c/w(qr`�e<gkiGi�jlw(xbskc�e<c/`bc�|<|%jJn
a�c�e qJgkskc�a'd´jbjld6xbsæq�`b|-i�jl_bskaG|<e qrd�e-h5gke fGqr`mc�a�gke<jld6e f�qJe6qJ|<|<gk|<e<|!e^fbc�_b|<c/d6gh` d´jljbd!xbsæq�`@shqU�rjl_be!qJe6e fbc
|<��w?>�jrskgki(skc�{rc�s �N@=gk�l_�d[c = �rq�� # ~pqPiRfGd[jbjlw h�jb_bsyax> cÍd�c/x�d[c�|<c/`�e<c�ax>r�Gq(|<gh`b�rskc(i�skjr|}c�aÑi�jl`�e<jl_�d���qr`ba
d[jbjlw�|)h�jl_bska `bjre?>�c8qPsyskj�h�c�aÑe<jmj {�c/d[shqrx # ~pqJi�fÑd[jbjlw1h�jl_bska f�qU{rc(q%|^x�c�i�g4�´i%gka�c/`re<gke[�r�>| _bi�fGe f�qJe
e fbc��rc�jlwÍc�e d[�%jJn�e fbc�i�jl`re}jl_�dYd�c/x�d[c�|<c/`�e<gh`b�Nq%x�qrd[e}gyi/_bshqrd!d�jljlw i/q�` > c(jH>be qPgæ`bc�ax>��@a�c/d[c^nDc/d[c/`bi�gh`b�
e f�qJe¼gka�c/`re}gye[� # z!jbjld¼qr`ba�h5gh`ba�j�hÕ|<�Ww?> jrsk|%h�jb_bsya > c x�d[c�a�ce�¸`bc�a'x�d[ghw�gke<gk{rc�|me f�qJe¼i/qr`ßjl`bsk� > c
gh`b|<c/d[e<c�a�qJskjl`b� e^fbcL> jl_�`ba´qrd[�ßc�a��rcx>�c�eyh�c�c/`ße h�jÑ|^x�qJi�cGi�jl`re}jl_�d[| # +5fbgk|%|<ghw(xbskc d[c/x�d�c�|<c/`re^qJe<gkjl`
h�jl_bska qJskskj�hÕe fbcN_b|}c/d(e<j vW_bgki��rsk� q�d<d<qr`b�rcme fbc@shqU�rjl_be×jJn-e fbc%d´jbjld���i/qJski/_bshqJe<cÑ|^x�qJi�cN_b| qP�rcr�5qr`ba
c�A�qrw�gh`bc(i�jl`�`bc�i�e<gk{bgke­�x> c�e h�c�c/`G{Jqrd[gkjl_b|�d[jljbw�|Ye^f�d[jl_b�lfme fbc�ghd-d�c�| x�c�i�e<gk{rc¼x�jld[e^qJsk| # tbgh`bi�c(e^fbc(skc�{rc�s
jJn=a�c�e qJgks�h�jl_bska > c!skj�h¬��c�a�gke<gh`b�%jlx�c/d<qPe<gkjl`b|Yqrd[c!|}gæw×xbsyc(qr`ba%gh`bc�A�x�c/`b|<gk{rc #

+5fbc(a�c�|}gy�b`Ñi�jl_bskaÌe fbc/`Ìw�jJ{rc¬nÉjld�h�q�d[aGe<j�h�q�d[a�|#qmw�jld[c�a�c�e qPgyskc�aÖd[c/x�d�c�|<c/`re^qJe<gkjl`���h�gye^fÑe fbgki�� �Åg # c #
a�jl_�>bskcej�skgh`bc��fh5qJsksk|%qr_be<jlw(qPe<gki/qJsksy�2x�d[jba´_bi�c�a >��Îe fbcme<jlj�s��N@=gk�l_�d[c = ��>�� # .�jbjlw�|¼| fbjl_bska2|<e<gksks�> c
w�jJ{ q�>bsycr��|^_�> 	­c�i�e¼e<jÑe^fbc@| qrwÍc@`bjl`�j�jJ{rc/d[shqrx�xbgh`b�Îi�jl`b|<e d}qJgh`re%xbsh_b|*qr`ßqJa�a�gke<gkjl`�qJs6i�jl`b|<e d}qJgh`re¼e f�qJe
w(qJgh`�e qJgh`b|(|<jbw�c*wÍgæ`bghw�_�w h�qPsys�e fbgki��l`bc�|}|W>�c�eyh�c�c/`Îd[jbjlw�| �N@=gk�l_�d[c = �Ji�� # 8Ôe(| fbjl_bskaS> c@x�jr|<|}g >bskc
e<jGgh`b|<c/d[e(|}gæ`b��sycgh5qJsks�xbgkc�i�c�|¼gh`re<j c�Algk|<e<gh`b� d�jljlwÍ|/�=a�gk{lgka�gh`b�Îe fbc/w �N@=gk�l_�d[c = �Ja ���Bh5gke fÎq�_be<jlw(qJe}gyi
d´c�| fbgh`b��j�jl_be%gh`�e<jÎqGe fbgkiR�Ì|}c/x�qrd<qJe<jbd?h5qJsks[>r�Îe^fbc@e<jbjrs��N@=gk�l_�d[c = �Jc�� # 6>jld[e qPs�|}�Ww?>�j�sy|mh�jl_bska > c
d´c�| fbc�aÌjl_be-gh`�e<j@i�jb`re<jb_�d[|�d[c/x�d�c�|<c/`re}gæ`b�me fbc " z3x�d[j�	[c�i�e<gkjl`GjJn5e fbc¼x�fr�b|<gki/qJspi�jb`�`bc�i�e<gkjl`b|W>�c�eyh�c�c/`
e fbc�| x�qJi�c�| � @=gy�b_�d[c = �Un � # @�d[jlw e fbgk|=�rc�jlw�c�e^d[gki�d�c/x�d[c�|<c/`�e qJe<gkjl`¬jJn´e fbc�d´jbjld=xbshqr`��r��c/`bc/d<qJe<gkjl`¬jJn¸q!�Jz
w�jba�c�sBh�jl_bskaL> c�|<e d<qJgk�lf�e[nDjldyh5qrd[a	��> c�i/qr_b|<c(e fbc�c�A�qJi�e6�rc�jlw�c�e d��@qr`ba@|<c/w×qr`re}gyi(w�c/q�`bgæ`b�%jPn�d[jbjlw�|

� :



qr`ba8x jld[e qPsy|�gk|��b`bj�hY`�c�A�xbskgyi�gke<sk�r��qr`ba¼i�jld<d[c�i�e=�rc�jbw�c�e d[��gk|�c/`b| _�d[c�a%>�c�i/qr_b|<c6i�jld<d�c�i�e `bc�|<|pgk|�c/`�nÉjld�i�c�a
e f�d[jb_b�lfbjl_be!e fbc8x�d�jli�c�|<|¬jJn�i/d�c/qJe<gkjl`GjJn5e fbc¼xbsæq�` # +5fbgk|�d�c/x�d[c�|<c/`�e qJe<gkjl`Gi�jb_bsyaÌe fbc/`x> c*q�`�`bjre qJe<c�a
h5gke fÙe<c�Ale5qr`baGqJa�a�gke<gkjl`�qJs	|}�Ww?>�j�sy|U��e<j(i/d[c/qPe<c!a�c�e qJgkskc�aGi�jl`b|<e d<_bi�e}gyjb`¼a�jli/_�w�c/`�e<| #

Room 2Room 1

Room 3

Room 3

b) Formation of thick walls

c) Example of illegal room
    editing operation (Room 3)

d) Single wall piece inserted

Room 2aRoom 1

Room 3 Room
2b

e) Wall given thickness, 
     two room contours formed

f) Portals connect spaces
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Room 2Room 1 Room 2Room 1

Room 3

Room 2aRoom 1

Room 3 Room
2b

Room 2Room 1

Room 3

a) Floor plan at symbolic level

@=gk�l_�d�c = � �=tb�Ww?> jrskgyi(qr`bam|<ghw(xbskc-�rc�jbw�c�e d[gki/d´jbjld5xbshqr`@d�c/x�d[c�|<c/`�e qJe<gkjl`b| #

+5fbc5qJa�{Jqr`re^qJ�rcpjPn´e fbgk|=e­��x�c�jJn�d´jbjld=xbshqr`¬a�c�|<gk�l`¬|<�l|}e<c/wågk|=e f�qPe
e fbc5_b|<c/d�gk|px�d[c�{rc/`�e<c�a¬nÔd�jlwåi/d�c/qJe<gh`b�
c/`�e<gke<gkc�|3h5gke fmc/d<d[jb`bc�jl_b|Yi�jb`�`bc�i�e<gk{lgke[�GjldY_�`��b`bj�hY`m|<c/w(qr`�e<gki(w�c/qr`bgh`b� # .�c�| _bske<gh`b�%d´jbjldYxbshqr`b|¬i/qr`
jl`bsk�Ñi�jl`b|}gy|}e�jPn�d�jljlwÍ|-qr`ba e^fbc8x�jld�e qJsk|�e f�qJe!i�jl`�`bc�i�e�e fbc/w%�=qr`baÌe fbc(|}c/w(qr`�e<gki*w�c/q�`bgæ`b�GjJn5c/qJi�f
c/`�e<gke­�×gy|5x�d[c�i�gk|<c�sk�@�b`bj�hY` # $ gke f×i�skc/qr`¼�rc�jlwÍc�e d[��q�`ba8| _ � i�gyc/`�e5|<c/w×qr`re}gyi6gh`�nÉjbd<w(qJe<gkjl`��b�rc/`bc/d}qJe<gkjl`
jJnp�JzØw�jla�c�sk|�nÔd�jlw9| _bi�f%xbshqr`b|[h�jl_bska'>�c�w�_bi�f¼c/qJ|<gkc/d #

� � �×&-
>&��	� � �6���

$Ñc5qrd[c�x�_�d[| _bgh`b�!|<c�{rc/d}qJslc�Abe<c/`b|<gkjl`b|=e}jYe fbc�� � ;ß|<�b|<e<c/wÙ�Je<jYi�jb_�xbsyc�gkepw�jld�cpi�skjr|<c�sk�?h5gke f¬|<i�fbc/w(qJe<gki
shqU�rjl_be<|�n�d[jlw c/qrd�sygkc/d6x�f�qJ|<c�|6jJn^>�_bgyska�gh`b�%a�c�|<gk�l`���qr`ba@e}jÍwÍjld[c!|<c/qrwÍsyc�|}|<sk�%gæ`�e<c��ld}qJe<c-� � ;Øgh`re}j(e fbc
$'&�(w*)+-,[. � # 8�` qJa�a�gke<gkjl`��
h�c(qrd�c(a�c�{rc�skjlxbgh`b�Ñe<jbjrsk|-e f�qPe-qrd[c(gh`�e<c/`ba�c�a e}j@ghw(x�d[jJ{rc(e^fbc8x�d[jbi�c�|<|
qr`ba@d[c�|^_bsye}|YjJn=i�jlw(x�_be}c/d9j­qJ|<|<gk|<e}c�a@qrd[i�fbgye}c�i�e _�d<qJs	a�c�|}gy�b` #
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� � ;�h5gksksa> c(qr_b�lw�c/`�e<c�a%e<j8qPsyskj�hØqrd >bgke d<qrd�gysk�%|<skjlxbgh`b�md´jbjld[|Yq�`ba@i�c�gkskgæ`b��|/��>r�@w×qJgh`re qPgæ`bgh`b�@fbc�gk�lf�e
gh`�nÉjbd<w(qJe<gkjl`2qJe×c/qJiRfß| x�qPi�cNi�jb`re<jb_�d({rc/d�e<c�A¸�5d}qJe fbc/d×e f�qr`ÖqPe8e fbcGskc�{rc�s6jJn�qr`ßc/`�e<ghd[cG| x�qJi�c # $Ñc
qJsk|<jßgæ`�e<c/`baåe}jÖx�d[jJ{lgka�cÑe fbc i/qrx�qo>bgkskgye[�åe}jÎ�rjÌnÔd�jlw |}�Ww?>�j�sygkiÌ|<i�fbc/w(qJe<gki'd´jbjld¼shqU�rjl_be%a�ghqJ�ld<q�w�|
e<jGd[c/qJs5qrd[i�fbgke<c�i�e _�d<qJs�xbshqr`b|8qr_be<jbw(qJe<gki/qJsksk�r�=e fbc/d[c^nDjld[c¼x�d[jJ{lgka�gh`b� qm| w�jbjre fÑx�qPe fGn�d[jlw |<ghw(xbskc " z
shqU�rjl_be�| �Jc�e<i�fbc�|5e<j(�Jz�c�Abe d<_ba�c�aNwÍjla�c�sk| # +�fbgy|/h5gksksF>�c�qJi�i�jlw(xbskgk| fbc�ax>��(c/`�f�qr`bi�gh`b�%e fbc/d´jbjld�xbsæq�`
�rc/`bc/d<qPe<gkjl`Gi/qrx�qo>bgkskgke<gkc�|(jJn5e fbc(|}�Ww?>�j�sygki�d´jljbd!xbsæq�`Ñc�Abe d<_b|<gkjl` e<jlj�s=a�c�|<i/d[gt>�c�aÎgh`G|<c�i�e}gyjb` "�# = �	qr`ba
gh`re}c��ld<qJe<gh`b�%e fbj�|<c�i/qrx�qo>bgkskgye}gyc�|�h5gke fGe fbc(� � ;9|<�b|<e<c/w # +�fbc8d[c�| _bske3h�gysks<>�c8q¼i�jlw×xbsyc�e}c(c�Ale^d<_b|<gkjl`
|<�b|<e<c/w9e^f�qJe�i/qr`@qJi�i�c/xbe�c�gye^fbc/d5|<i�fbc/w(qJe}gyi!shqU�rjl_be}|5jld5d[c/qPsÏq�d[iRfbgke<c�i�e^_�d<qJs
xbshqr`b| #

$Ñc(xbshqr` e<j*wÍc/d[�rc�e fbc8� � ;9|<�b|<e<c/w h5gke fGe fbc?$'&)(�*)+-,/. � {bgkc�h5gh`b�N|}�l|<e}c/w%��e fbc/d[c�>��N_�`bg nD�lgh`b�
jl_�d¬| _bgke<c¼jJn�>�_bgkska�gh`b�Î�rc/`bc/d<qJe<gkjl`��>{bgkc�h5gh`b�´��q�`baÎgæ`�e<c/d<qPi�e<gk{rc8c�a�gke<gh`b�Ñe}jljrsk|�gh`re}jNjb`bc*x�d[j��ld<qrw � = � #
$åfbc/`Îe fbgk|8f�qP|�> c�c/`Îi�jlw(xbskc�e<c�a	��e^fbcN_b|<c/d?h�gysks)>�cGqo>bskc@e<jÑskjlqPaÖqgd´jljbd(xbshqr`����rc/`bc/d<qJe}c%e fbcN�Jz
w�jba�c�sD�ºqPa�aGnÔ_�d}`bgye^_�d[cr�
`�qU{bgy�bqJe<c(e f�d�jl_b�lfme fbc8w�jba�c�sD�=qr`baÑgh`re}c/d<qJi�e<gk{rc�sk�Ñw(qr`bghx�_bshqJe<c¼gke<|-i�jl`�e<c/`�e<|/�
qJsks�n�d[jlw h�gye^fbgæ`Ùe fbc!| qrwÍc!c�Alc�i/_be q�>bsyc(x�d[j��ld<qrw #


	� �&� ��� � ),+�)�� � /0��� � '�( )&+ 
�'-+�. ��/0��3 
�7 ),6�� ������� 7

+5fbc5x�d[jbi�c�|<|<c�|�jJn�>�_bgksya�gh`b�(a�c�|}gy�b`��JnDjld<w(qJsb| x c�i�g��´i/qPe<gkjl`(jPn´i�jlw(xbskc�e<c�a(a�c�|<gk�l`b|U�lqr`ba(ghw(xbskc/w�c/`�e qJe}gyjb`
jJn�a�c�|<gk�l`b| �Åg # c # i�jl`b|<e d<_bi�e}gyjb`��=qrd[c�e fbc5e f�d�c�c5>�qP|<gki#x�d<qPi�e<gki�c�|pjJn�e fbc�|<j�j�i/qJskskc�a � &#~�o � �N&!d[iRfbgke<c�i�e^_�d[cr�
~p`b��gæ`bc�c/d�gæ`b�³�´qr`ba%o�jl`b|<e d}_bi�e<gkjl`��=i�jlw×w�_�`bgke[� # o5_�d<d[c/`�e<sk�r�b|<jJnDeyh�q�d[c�e<j�qJ|}|<gk|<epgh`¼e fbc�|<c6x�d[jli�c�|}|<c�|5qrd[c
gk|Yjb`bsy�%w(qJe^_�d[c-qJe�e fbc!skc�{rc�s>jJn	nDjld<w(qJs�a�c�|<gk�l`Ù| x�c�i�g4�´i/qJe}gyjb`���jld�a´d<qUnDe<gh`b�´��hYfbc/d[c!a�c�e^qJgksyc�aG|<gke<c-xbshqr`b|
qr`bamd´jbjld5xbshqr`b|!qrd[c!a´d<q�hY` #

+5fbc6a�c�|<gk�l`%x�d[jbi�c�|<|5gke<|<c�s n=gk|5i/_�d<d[c/`�e<sk�8x�c/d­nÉjld}w�c�af>r�¼qrd[i�fbgye}c�i�e<|<h5gke fbjl_be5w�_biRf¼fbc�shx×nÔd[jbw i�jbw(x�_beyj
c/d[| # +5fbc�d[c�|^_bsye6gk|5e f�qJe�e fbc!a�c�|<gk�l`Gx�d[jbi�c�|<|5gk|#_�`�`bc�i�c�|}| qrd[gksk�@gke<c/d<qPe<gk{rc # @³jld�c�A�qrw(xbskcr��e fbc�qrd[i�fbgke<c�i�e
w(qU�(a�c�i�gka�c�jl`%q�>�_bgkska�gh`b�¼nÉjld}w%��qr`ba%| �Jc�e<i�f%qr`¼c/`�e<ghd[c/d´jbjld�shqU�rjl_be/�bjl`bsk�%e<j2�¸`baNq nÉe<c/d�i�jlw×xbsyc�e}gyjb`
e f�qJe6e fbc�qrw�jl_�`�eYjPn�qJ|<|<gk�l`�qo>bskc(|}vW_�qrd�c!nDjljre^qJ�rc-jb`%e f�qJeVd´jbjld5gk|!j 
�>r� = c � # +5fbgk|!gy|-x jr|<|<gt>bskcW> cej
i/qr_b|<c!e^fbc-e<jbjrsk|/��hYfbc�e fbc/d6x�qrx�c/d6qr`ba@x c/`bi�gys=jbd�qÍ|<ghw(xbskcÍx jrsk�l��jl`¼c�a�gke<jld��³a�j8`bjreYqP|<|<gk|<e�e fbc�_b|}c/d�gh`
i�jl`�nDjld<w�gh`b�me<j%e fbc�| x�c�i�g4�´c�aS>�_bgkska�gh`b� x�d[jr�ld}qrw # &7d´jbjld6shqU�rjl_be!e<jbjrs=e f�qPe!c/`�nÉjld�i�c�|-d[c�vW_bghd[c/wÍc/`re<|
qr`bami�jl`b|<e d<qPgæ`�e<|5a�gki�e qPe<c�a >��8e^fbcb>�_bgkska�gæ`b�Gx�d[jr�ld}qrw h�jl_bska@c/`�qo>bskc¬e fbc�qrd�iRfbgke<c�i�e6e<j(�rc�e�e fbc-shqU�rjl_be
d[gk�lf�e3h5gke f nDc�h�c/d0gke<c/d<qJe<gkjl`b|U�ºq�`baxh�jl_bskaÑn�d[c�c(e fbc¼qrd[i�fbgye}c�i�e�e}j%i�jl`bi�c/`re^d<qJe<c(jb`Ñe fbc¼w�jld[c(i/d�c/qJe<gk{rc
qr`ba%| _�> 	­c�i�e<gk{rc�qJc�|<e fbc�e}gyi¬i�jl`b|<gka�c/d<qJe}gyjb`b|[hYfbc/`¼c�{JqJsh_�qJe<gh`b�%e fbc!a�c�|<gk�l` #

8�` e fbcÑgka�c/qJs-a�c�|}gy�b`2c/`r{bghd[jl`�w�c/`�e/�!e^fbc _b|}c/d%| fbjl_bska > c q�>bsyc e<jÖw�jJ{rcmnÔd�c�c�sy� > c�e h�c�c/`2a�g 
	c/d[c/`�e
d[c/x�d[c�|}c/`re qPe<gkjl`b|@jJn�e fbc�>�_bgkska�gh`b�åa�c�|<gk�l`��!| _bi�fåqJ|mgh`bgye}gæqPs!n�_�`bi�e<gkjl`�qJsb>�_�>�>bskcÎa�ghqJ�ld}qrw%�6|<��wb> jrskgki
shqU�rjl_be/��a�c�e qPgyskc�a d´jljbd!xbsæq�`��
qr`ba �Pz >�_bgkska�gh`b� w�jba�c�s # &5e!c/qJi�f@skc�{rc�s�jJn�d�c/x�d[c�|<c/`�e qJe<gkjl`���gke-|^fbjl_bska
>�c-x jr|<|<gt>bskc¬nÉjbd�q�_be<jlw(qJe}c�a*qJ��c/`re<|�e<j�{rc/d�g�nD�¼e f�qJe�e fbc!a�c�|<gk�l`Ùi�jl`�nÉjbd<w�|�e<j�e fbc-d[c�v�_bghd[c/w�c/`�e<|5jJn=e fbc
>�_bgkska�gæ`b�Öx�d�jr�ld<qrw # & w×qJe _�d[c(|^_bgye}c%jJnYe<jbjrsk|�e f�qJe�qP|<|<gk|<e�gh`�>�_bgyska�gh`b�Îa�c�|<gk�l`�>�� x�c/d­nÉjld}w�gh`b�Ñe fbgk|
|<jld�e5jJn�qr_be<jbw(qJe<gki-{�c/d[g4�´i/qJe<gkjl`gh�jl_bska@gh`bi/d[c/qJ|<c(x�d[jba´_bi�e<gk{bgye[�r�	qr`baÑw�jbd[c-ghw(x jld[e qr`�e<sk�%h�jl_bskaÑd[c�| _bske
gh`f>�_bgkska�gh`b�r|-e f�qPe�qPi�e _�qJsksk�%gæw×xbsyc/wÍc/`re!e fbc!|^x�c�i�g4�´i/qJe<gkjl`b|-x�_be�nDjld[e^f%>r�¼e fbc!i�skgkc/`re #
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&�|<�l|}e<c/w9e f�qJe��rc/`bc/d<qJe<c�|�i�jl`b|<gk|<e<c/`�eY�Jz x jrsk�Wfbc�a´d<qPsa>�_bgkska�gh`b�Nw�jba�c�sk|5n�d[jlw " zãqrd�iRfbgke<c�i�e _�d}qJsEd´jbjld
xbshqr`b|-f�qJ|[> c�c/`Ga�c�|<i/d[gt> c�a # +�fbc-|<�b|<e<c/w3qPi�i�c/xbe<|-d´jbjld6xbshqr`b|!gh`%z/Z[@ nÉjld}w(qJe5qJ|6gæ`�x�_be # +5fbc¬gæ`�x�_be
d´jbjld
xbshqr`b|pq�d[c5d[c�vW_bghd[c�a�e<j!f�qU{rcpi�c/d�e qJgh`�x�d[ghw�gke<gk{rc�|/�r|^_biRf�qJ|Oh5qJskslc�a��rc�|pq�`ba-a�jbjld	|}�Ww?>�j�sy|U�r�ld[jb_�x�c�a
gh`re}j*x�d[jbx�c/d[sk�Gshqo>�c�skc�aÑshqU�rc/d[| # ;0c�jlw�c�e d[gki¬i�jld<d[c�i�e `bc�|}|Ygk|-`bjre!qJ|<| _�wÍc�a # +�fbc�gh`�x�_be/d´jbjld6xbsæq�`b|-qrd[c
i�jld<d�c�i�e<c�a8qJsk�rjld�gye^f�w�gki/qJsksy�%>��3��Abgh`b���lqrxb|�q�`ba(ghw(x�d[jlx c/dpgh`�e<c/d[|<c�i�e}gyjb`b|/��q!e qJ|^�)hYfbgki�f(gk|�e d<qJi�e^qo>bskc5gh`
eyh�jYa�ghw�c/`b|<gkjl`b|<h5gke fbjb_be�d[c�v�_bghd[gh`b�Íw�_bi�f�_b|<c/d=gh`�e<c/d<qJi�e<gkjl` # z!jbjld=qr`ba�h�gæ`ba�j�hÎ|<��w?>�jrsk|�qrd[c�skjli/qJe}c�a
qr`ba8d�c/xbsæqPi�c�a%h5gke f�c�Abe d<_ba´qo>bskc6c�a��rc�|/��qr`ba(c�a��rc�|�qrd[c5�bd[jl_�x�c�a¼gh`re}j�q6|<gh`b�rskc!i�skjr|<c�a¼i�jl`�e<jl_�d�nDjld=c/qJi�f
| x�qJi�c!jb`%e fbc/d´jbjld5xbshqr` #

t�x�qJi�cej�e<j j�| x�qJi�c�qPa 	�qJi�c/`bi�gkc�|-qrd�c-a�c�e<c/d<wÍgæ`bc�aÑqr`baGqr`@qPa 	�qJi�c/`bi��%�bd<qrx�f%gk|)>�_bgksye!e^f�qJeYgk|!_b|<c^n�_bsa> jre f
gh`åi�jb`b|<e d<_bi�e<gkjl` jJn�e fbcÌ�Jz w�jla�c�s�qr`ba'qJ|%|^_�x�xbsyc/wÍc/`re qPs-gh`�x�_beGe<jÎe fbc o<@�&!t�+ �¸d[cÑ|}gæw�_bshqJe<jbd #
+5fbcmi�syc/q�`��#q�`�qJsk����c�aqd´jbjld8xbshqr`ßgk|¼e fbc/`ßc�Ale d}_ba�c�a gh`�e<jÎqÑi�jl`b|}gy|}e<c/`re%�Jz�w�jba�c�sD�/h5gke fÖx�d[jbx�c/d[sk�
jld[gkc/`�e<c�aNx jrsk�l��jl`b|/�³i�jld<d[c�i�e5e}jlx�jrskjr���r�´qr`ba@|^_bgye^qo>bskc�fbjrskc�|6nDjld�a�jbjld[|Yqr`ba%h�gæ`ba�j�h5| # ,5c�gk�lf�e<|/��i�j�syjbd[|
qr`bame<c�Ale^_�d[c�|5i/qr`%> c�c�a�gke<c�aGqJe5{Jqrd[gkjl_b|6syc�{�c�sy|!jPnº�ld�jl_�xbgh`b� # o�jl`r{�c/`bgyc/`�e�nÔqJi�gkskgke<gkc�|-qrd[c-x�d[jJ{bgka�c�a@nDjld
gh`b|<c/d[e<gh`b�¬a�c�e qJgkskc�a(a�jljbd
qr`ba?h5gh`ba�j�hÖqJ|<|}c/wb>bskgkc�|/��h5gke f�x�d[jlx�c/d=x jr|<gke<gkjl`�qr`ba�jld[gkc/`�e qJe<gkjl`¬a�c�e<c/d}w�gh`bc�a
qr_be<jbw(qJe<gki/qJsksk� # &6a�a�gke<gkjl`�qJs5a�c�e^qJgksyc�aÎi�jbw(x�jl`bc/`�e<|(qJsk|<jGi/qr` >�c¼gh`b|<c/d[e<c�aÎc/qJ|}gysk�Ìgh`re<jme fbc¼c�Ale d}_ba�c�a
w�jba�c�s #

$2gke fme fbc8� � ; |}�l|<e}c/w%��gke-gk|!c/qJ|<�me<j%i/d[c/qJe<c(q¼i�jl`b|}gy|}e<c/`re-x jrsk�Wfbc�a´d}qJs >�_bgkska�gh`b� w�jba�c�s=gæ` q¼| fbjld[e
x�c/d�gyjbaÌjJn�e<ghw�c # $åfbc/`m|<e q�d[e<gh`b�¼nÔd�jlwÕd[c/qJ|<jb`�qo>bsk�N|}e d<_bi�e _�d[c�agd´jbjld!xbshqr`b|/���rc/`bc/d<qJe<c�aÌw�jla�c�sk|¬i�jld9j
d[c�| x jl`baÑx�d[c�i�gk|<c�sk�Ge<j(e fbc¬| x�c�i�g4�´c�a�>�_bgkska�gh`b�Na�c�|}gy�b` # +5fbc(_b|<c/d6`bc�c�aÑ`bjre5a�j%qr`r�%a´d}q�h�gæ`b�¼gh`me f�d[c�c
a�ghw�c/`b|<gkjl`�qJs=|^x�qJi�c���e fbc/d[c^nDjld[cr�´wÍjr|<e5jJnpe^fbc�fb_�w(qr`%c�
	jld�eYqr`baÑx�jr|}|<gt>bgyskgke[�GjJn;fb_�w(qr`mc/d<d�jld�gk|!c�skgæwbj
gh`�qJe<c�a # tbgh`bi�c%c�a��rc¼i�jl`�`bc�i�e<gk{lgke[�Ñgk|�i�jld<d[c�i�e}c�a qJe!e fbc " z d´jljbd-xbshqr` syc�{�c�sÉ�;e fbc(c�Abe d<_b|<gkjl`Ìx�d[jbi�c�|<|
�bgyc�ska�|(q@x jrsk�Wfbc�a´d}qJs5w�jla�c�sBh�gye^fÑi�jld}d[c�i�e!e<jlx jrskjr�r� # � |<c/d0gæ`�e<c/d<qPi�e<gkjl`Ggk|(w�gh`bgæw×qJsD�pqr`baÑgh`G�rc/`bc/d}qJs
gk|-jl`bsk�Gd[c�vW_bghd[c�a hYfbc/`me fbc8_b|}c/d/h5gk| fbc�|-e<j%qJa�aÑa�c�e^qJgksyc�a	��c�Ale}c/d<`�qJsksk�oj­w�jba�c�skc�aÎi�jlw(x jl`bc/`re}|!e<j%e fbc
>�_bgkska�gæ`b�2w�jba�c�s # +	j�e qJs5i�jl`�{rc/d[|}gyjb`���i�syc/q�`l_�x2qr`ba2w�jla�c�skgh`b�Îe<ghw�cGgk|8jb`Îe fbcmjld[a�c/d�jJn�fbjb_�d[|8x�c/d
d´jbjld���d<qJe fbc/d�e f�q�`mh�c�c/��|5jld�w�jb`re fb|U�Wx c/d<w�gke<e<gh`b�%w�jld[c6i�jl`�{rc/`bgkc/`re�i/d[c/qJe<gkjl`%qr`ba@_b|}c!jJnº|^_biRf%w�jba�j
c�sk| # � jba�c�sk|-�rc/`bc/d<qPe<c�axh5gke fGe^fbcÍ� � ;9|<�b|<e<c/w i/qr`'>�c¼{lgkc�h�c�axh5gke f e fbc8��c/d<�Jc�skc��'$'&�(�*)+V,[. �
x�d[jr�bd<qrw%��qr`ba@qrd�c!i�jlw(x�qJe<gt>bskc3h�gye^f%e fbc \ 8�t�+�o<@�&!t�+q�¸d[c!|<ghw�_bshqJe<jld #

� i



@=gk�l_�d[c(�oc �-8�`re}c/d[gkjld6{lgkc�hØjJn5tbjla´q%,6qJsks=w�jla�c�sD��|<g�Ale f d´jbjld6i�jl`�nDc/d[c/`bi�c(d[jbjlw q�`baNi�c/`�e d<qPs
i�jld}d[gka�jld
qrd[c/q #

@=gk�l_�d�c-�����=o�jld<d�gya�jbd5qr`ba%a�gk|<i/_b|<|<gkjl`Gqrd�c/q��´tbjba´q�,YqPsys�|<g�Ale f�d´jljbd #

� `



@=gk�l_�d[c-� " � �	� i�cr�´tbjla´qm,6qJsks	|<g�Ale^f�d´jljld # $2gh`ba�j�h'w�jba�c�s	gh`bi�sh_ba�c�|!e<c�Ale^_�d[c�a%h�jljba%| fbc�sk{rc�|)>�c�skj�h #

�r�
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8<h�jl_bska@skgh�Jc(e}j8e f�q�`��%w-�@qPa�{lgk|<jld���6�d[jJnDc�|<|<jld5o�qrd[skj*t�uc�vW_bgh`��³nDjld6fbgy|!e^fbjl_b�lf�e[nÔ_bs��l_bgka´qr`bi�c8qr`baGfbgy|
�ld[c/qPe-c/`�e fl_b|}gæqP| w,nDjld¬e fbgk|8x�d[j�	[c�i�e # 8De8f�qP|�e^d<_bsk� > c�c/`ÎqNxbskc/qJ|^_�d[c@e<jx> c%jl`bc8jPn#fbgk|(|<e _ba�c/`�e<| # 8
h�jl_bskaÑqJsk|<j8skgh�Jc�e<j%qJi��l`bj�h5skc�a��rc¬e fbc-�rc/`bc/d�jr|<gke[�@jJn \ ~�o'o�jld<x�jbd<qJe<gkjl`mqr`ba@e fbc \ qJe<gkjl`�qJsO8�`b|<e<gke _be}c
jJnYtbe qr`ba´q�d[a�|�qr`ba +	c�i�f�`bjrskjr�r���>e fbc�ghd-|^_�x�x�jld[e¬c/`�qo>bskc�aÖw�c(e<j%i�jb`bi�c/`re d}qJe<c8qJsks�jJn�w¬�Gc/`bc/d[�rgkc�|�jl`
e fbgk|(c�Abi�gke<gh`b� d[c�|}c/qrd[i�f���qr`ba�h5qJ|�gh`b|<e d}_�w�c/`re^qJs�gæ` e fbc%i�jlw(xbskc�e<gkjl` jJn#w¬� � qP|<e<c/d	
 |�x�d[j�	[c�i�e # � �
|<gh`bi�c/d[c¬e f�qr`���|5e<j(e fbc/w�nÉjld�e fbc-fbc�shx%e fbc��@f�qU{rc!x�d[jJ{lgka�c�a #

85qrw �ld<qJe<c^n�_bs�nDjld�e fbc!n�d[gkc/`ba�| fbghx q�`baNqJ|<|}gye^qr`bi�c�jJn;w¬�¼nDc�sksyj�hØ�ld}qJa´_�qJe<c!|<e^_ba�c/`re<|-q�`ba@j � i�c/w×qJe<c�|��
.�gki��N��_��Jj�h5|^�rgD�F(�qr_�d<q%z!j�hY`b|U��.5q�`ba��L*6c�skskc/d�� � qrd��lqr`�`Gtbghw(w�jl`b|/�>qr`ba'& 	<qU�Nt�d[c�c/�Uqr`�e f # � qr`��
e f�qr`���|-e}jL.�gyi��³�BhYfbjr|<c×a�jl`�qJe<gkjl` jJnY��jljrskc/qr`Îx jrsk�l��jl`Ñ|^_�>be d<qJi�e<gkjl` i�jba�cWh5qJ|¬c�Ale d�c/w�c�sk� fbc�shx�nÔ_bs #
+5f�qr`���|�e<j � qrd��lqr`�`(qr`ba%.5qr`ba��×nDjld^> c�gæ`b�ÍnÔqJgke f�n�_bs�shqJe<cej­`bgk�lf�e-h�jld<�¬i�jlw(x�qr`bgkjl`b|�gh` = � i tbjla´q?,6qJsks
�Åjl_�d � fbjlw�c@q�h5qU�@n�d[jlw fbjlw�c � ����qr`baÎnDjld�x�d[jJ{lgka�gh`b�Îe<c�i�f�`bgki/qJsYfbc�shx2qr`baÎi�jl`b|<e d}_bi�e<gk{rc@i/d[gke<gki�gk| w #
+5f�qr`���|%e<jS+�c/d<d[��(�c�|<| qrd�a�j­t�w�gke fåqr`ba'��jH> � gksksyc/dÙnDjld%qJsks!jJn�e fbc�ghd@fbc�shx2gh`å�Jc�c/xbgh`b�2c�{rc/d[�be fbgh`b�
d<_�`�`bgh`b�Î| w�jbjre fbsk� # &6sy|}j´�5e f�q�`��r|¼e<jÌz!jl`Öt�qJa�skc/d%qr`ba�+	jb`r�S.�gh`bc�skshq2qJeW&!`b| fbc/`2qr`ba�&6syskc/`ßnDjld
x�d[jJ{bgya�gh`b�¼e fbc-tbjba´qW,6qJsksEd´jbjld5xbshqr`b| #

@=gh`�qJsksk�r�	e f�qr`���|5e<j%w¬�(n�qrw�gksk�Nq�`ba%n�d[gkc/`ba�|6nÉjld/>�c�gh`b�%|<j%x�qJe<gkc/`�e#q�`ba@| _�x�x jld[e<gk{rc �Åc�| x c�i�ghqJsksy� �rc/`�`��
tbi�jre<eU�
qr`ba�6=qrw�c�shq�� # &)>�jJ{rc%qJsksD�^8-h�jl_bskaÌskgæ�Pc%e<j@| qU�Ñq%|^x�c�i�ghqJs�e f�qr`��m�rjl_ e<jNw¬�Ñx�qrd[c/`�e<|/�>z!gkiR�
qr`ba'*!qrd[gh`f(�c�h�gy| # 8�i/d[c�a�gke6e fbc/w h�gye^f¼c/`�qo>bskgæ`b�@w¬�¼| _bi�i�c�|<|/��x�c/d�|<jl`�qJs�n�_bs4�´sksæwÍc/`re/�	q�`baNf�qrx�xbgh`bc�|<| #
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