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jtwxnVm¥h`mD|5zxnsv�h#zG�kfyhVikv � wx��i{r]m¥r]�tw§ms��j � f¦�kf�zxfyv�jtf>|ål¦h#j{v �
h`�Uh`m wxm]w�jkwxh`z��kjkh`jtfV� É o�j � f»ikfy�{rszxj/w§�U¤Kf�jkjtf>i�j � hVm¹j � f
� nVi{�tj�v�rDikikfymBjtzx�Hw§m®j � f'gDnBg]rsz§h#jtwxnVm\�bj � fym®wxj½wx�½wxm]�kfyikjtf>|
¤]hVv�¨}wxmBjkn}j � f�gKnVgDrszxh`jtwxnVm¬�q´ � wx� � �s¤]ikw§|sw�«>h#jkw�nBm'�kjki{h#jkf��`�
w§�c�kwxl$wxzxhVi�jtn½j � f0nBmsf � f0g]ikf��ZwxnVr]�kz���r]�tf>|}w§m}v1nVmMëtr]m]v1jkw�nBm
� wxj � pqè�p h`m]|�ª
fym]w�jknVi � ¼ � w�jkz�fy�/fyj�h#zÍ���¬�>�`�V�B�Ì�

� 4 � F/?ZdyT7=<;>dCBD���âXs;y^W87:��7O8E-LMa�F�=@?	�±d
��w��Br]ikf»�¶� � n � ��f1à]hVl$g]z�f>��n#o�G¶nBrsj�n#o$�V�¶jtf>�tjHg]iknV¤s�
zxfyl¦�5vyitf>h#jtf>|¹o@iknVlÐ�kjtw§v�¨²·D�Br]itf±l$ns|sfyzx�y��©Hns|sfyz��kf��`�
l$fymBjk�åh`ikf±ikhVm]|snBl�zx�¾�{v�h`z�f>| h`m]|âgsz§h`v�fy| w§m j � f¶|]h#j{h
w§l$h`�`f>�UhVm]|íh`ikf¥gKn`jkfymBjtw§h#zxz��¹o@ikh`�Vl$fymBjtf>|¬�
�{¨#f � f>| hVm]|
nVl$wxjtjkfy|¬�»æ0hVm]|snBlÑv�zxr]jtjtf>i¦h`m]|Ï�tj{ikr]v�jkr]ikfy|Îv1z§rsjtjkfyi¦h`ikf
h`|D|sfy| jtn�j � f®|]h`jkh]� É�mí�#�Ïg]iknV¤szxfyl¦�y�
�D���>�]�-�`�ÎhVm]|
�`�¶h`|D|sw�jkw�nBm]h#z�v�zxrsjkjtf>i��tfy�Vl$fymBjk��hVitf®ikhVm]|snBl�zx�²gsz§h`v1f>|
h`¤KnVr]j5j � fÎw§l$h`�`f»o<nBiHf>h`v � l$ns|sf�zÍ� É�mâj � f¶n`j � fyiå�#�
g]iknV¤szxfyl¦�y�q�D�
�V��¥h`mD|Ï�®h`|D|sw�jkw�nBm]h#z�l$nBitf � wx� � zx�Îv�nVit�
i{r]gsjtf>|®l�ns|sfyzcw§m]�kjkh`mDv1fy��hVitf}hV|]|sfy|\�'´ � w§�½|]h`jkh`�kf�j�hVm]|
zxnZvyh#zb�kfyhVikv � ikfy�{rsz�j{��h`ikf½hW�Mh#wxzxhV¤szxf-j � iknVrs� � nBr]i � fy¤]�kwxjtf`ÒHJI	I!K�LNM	M2OPO	O�QSR	T�QSR�U	V!U�TWIYX2IYZ[Q-ZP\�]^M!_a`cb!T	b1U�d �
´ � f�pqè�p¶h`mD|'ª
fymswxjtnBich`z��VnVikw�j � l¦� � hW�Vf0¤DfyfymR� � n � m¦jkn
gKfyito<nVi{l gDnZnVikzx�»nVm±j � w§�$|Dh#jkhD¯wxl¦gszxfyl$fymBj{h#jtwxnVmÏ|sf�j{h#wxzx�



��w��Br]ikf'�sÒ��M�,� 6 ���(+ 6 ��� + 6 K���1� &"$��B �,3�� 6*6 �,�%O�	T����B 3N�]E 6
6 �Y��+�
9K 6� 6 ��� �������YH��%? � 6 �%3N� �(K��� &�)���!3N�b1! #"�" 1! #"$�%35+]�! #O
� � 6*6 ��B ������� "$���,� �06 �����>1! &" 3N��1 E,O

v1nBm]v1f>ikm]wxms�¥j � fy�kf�h`z��VnVikw�j � l¦�¦h#zxnVms� � w�j � j � f�w§i}gKfyito<nVit�
l¦h`m]v�f}nVm®j � fR�`fynVl$f�j{itw§v¦l¦h#jkv � wxms�HgDitnB¤sz�f>l�hVitf}�Vw��Vfym
¤B��¼ � w�jkz�fy��f�j�h#zÍ� � �y�V�V�V����É�m5v�nVmBjki{h`�kj��Pj � wx�-|]h#j{h`�kf�j
n#o
�`fynVl$f�j{itw§vUl$h`jkv � w§ms�®g]iknV¤szxfyl¦�¦w§�$ikfyhV|swxz��Î�kn`zx�`f>|±r]�kwxm]�
¤swxj���v1zxwxl�¤sw§ms�Uh`z��VnVikw�j � l¦� �_Ë fy�`f>itw§|s�`f�f�j�h#zÍ�����y�V�V�B�Ì�
´ � f
¤swxj���v1zxwxl�¤sw§ms�'h`z��VnVikw�j � l w§�
fym � hVm]v1f>|H¤B��r]�tw§ms�Uh/g]hVitjkwxh`z
ikfy�kjkh`ikj¦l�f>v � h`m]wx�{l hMo<jkfyi¦wxj¦¤Kfyv�nVl$fy�¦j{ikhVg]gKfy|Ïwxm¶h¥z�n`�
v�h`zcnBgsjtw§l¦h]�H´ � w§��zxnsv�h`zq�kfyh`i{v � h#zx�`nBitwxj � l � w�j � g]hVitjkwxh`z
ikfy�kjkh`ikjk��wx�0j � f�¤Kfy�kj0¨Zmsn � m�h`z��VnVikw�j � l o<nBi��tnVz��Zw§ms�}j � fy�kf
�`fynVl$f�j{itw§v-l$h`jkv � w§ms�Rg]iknV¤]z�f>l$�y�
è0�s¤]ikw§|sw�«ywxm]�-h-�tjkfyhV|s�½�tj{h#jkfq�Vfymsfyjtw§vqh`z��VnVikw�j � l � ª
fym]w�jknVi��
� wxj � j � f½¤sw�jt� v�z�w§l�¤]wxms�'h#zx�`nVikwxj � l �Zwxf�z§|]��ikfy�{rszxjk�)iknVrs� � z��
v1nBl¦g]h`i{h`¤szxf�jtn
j � nB�tfqnV¤sj{h#w§msfy|�rD�tw§ms�
¤]w�jt� v�z�w§l�¤sw§ms�-h#zxnVmsfV¯
h � �s¤]ikwx|Hh`z��VnVikw�j � lãj � h#j-v1nBl�¤sw§msfy|¥pqè�p � wxj � j � f�¤swxj��
v1zxw§l�¤sw§ms��h#zx�`nBitwxj � l"o@h`w�zxfy|åjtn��Zw�fyzx|¥v1nBl¦gDfyjtwxjtwx�`f}itf>�kr]z�j{�
� ¼ � w�jkz�fy�Hf�j�h#zÍ�x���y�`�B�V���½ä-m]f�n`ocj � f}l¦h#w§m5ikfyhV�tnBm]�
j � h`j
pqè�p hVg]gDf>h`i{�®jtn � nVi{¨ �kn gDnZnVikzx�çw§�»j � h`j±j � f �tnVzxrs�
jtwxnVmD�}h`ikf��{g]hVik�kf�� ��� wxv � v1nVm��Dwxv�jk� � wxj � �kf��Vfyi{h#zh`�{gDf>v1jk�
n#ocpqè�p�< �)¤]hV�tw§v��tf>h`i{v � �kjki{h#jtfy�`�V�
´ � få©Hfy�{�t� ª
f>msf�jkwxv¥��zx�`nBitwxj � l |sf>�kvyitw§¤Kfy|¹hV¤DnM�Vf5gDf>i��
o<nVi{l¦�bl�r]v � ¤Dfyjtjkfyi�j � hVm�j � f2ikhVm]|snBl �kjkh`ikjk��¤swxj���v1zxwxl�¤swxm]�
h#zx�`nBitwxj � l'��´�n¦¤Kf�l$nVikf-g]ikfyv�wx�kf`� � f � hW�`f�ikr]m'l¦h`mB�}jkikw¸�
h#z§�¦n#o-fyhVv � h`z��VnVikw�j � l wxm¶nBik|sf>i$jtn±l$fyhV�kr]ikfUj � fHg]iknV¤s�
h`¤]w�zxw�j���� = n#o)·KmD|swxm]�5j � fU¨Zmsn � m»¤Kfy�kj�l¦h#j{v � w§m±hH�kwxmZ��`zxf¦f1àsfyvyrsjtwxnVm¥n`o2fyw�j � fyi�zxnsv�h#zq�tf>h`i{v � nVi�j � f}©Hf>�k�k�¥ª
f1�
msfyjtw§vU�0z��VnVikw�j � lU� Ë h`�kfy|±r]gKnVmÏj � fy�kf'f>�tjkwxl¦h#jkfy�$n#o�� = �j � f¥mZr]l�¤Df>i'n`o�jkikw§h#z§��� = ikf;/Zrsw§ikfy|²jkn±·Km]|íh`m¹nVgsjkwxl¦h#zl¦h#j{v �/� wxj � v1nBmZ·K|sf>m]v1f�� = w§�)|sf�jkfyi{l$wxmsf>|¬Ò
� = U�� zxn`� �"!#�%$�& �%$ U � ('� = �($ U ��(�� = � �Z�
�DnBi�j � f�©Hf>�k�k�Hª
fymsfyjtw§v�h#zx�`nBitwxj � l'�Pj � f�hW�`f>ikh`�`f)� = nM�`f>ij � f-�B��g]iknV¤]z�f>l$�qw§��]�sj � f�l$fy|sw§h`m/wx���V�Zj � f�l$wxmsw§l�rDl wx�
�0hVm]|¦j � f-l¦hMàswxl�r]l wx�2�]�7�DnBiGzxnZvyh#zP�tf>h`i{v � �#j � f
hW�`f>ikh`�`f
� = wx���V�`�V�sj � f½l$fy|]wxhVm'w§�)�Z�s�sj � f½l�w§msw§l�r]l"w§���¦h`m]|Uj � fl¦hMàsw§l�r]l w§���V�`�]�
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Problem Instances, Increasing LS Run-time Order
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�0m�fy�kjtw§l¦h#jkfqn`oDj � f2jtw§l$f)itf`/Br]wxikfy|�jkn-�kn`zx�`fqfyhVv � g]iknV¤szxfyl
� wxj � �B�!6 v1nVms·K|sfymDv1f½w§�0j � f�hW�Vfyi{h#�Vf-i{r]mZ� jtw§l$f�gKfyi
jkikwxh`z
jtw§l$fy��j � f/mZr]l�¤Df>i�n#o)j{itw§h#z§�-� = ��´ � fy�kfRi{r]mZ� jtw§l�f>��o<nVi�huZg]hVikv2�#��hVitfq� � n � m½wxm���wx�Vr]ikfq�D��ä-m½hW�Vfyi{h#�Vf`��j � f2©Hfy�{�t�
ª
fym]f�jtw§v2��zx�`nVikwxj � l¾wx����. ��jkwxl$f>�\o@hV�tjkfyi�j � hVm�z�nsvyh#zZ�tf>h`i{v � �
´ � f¦©Hf>�k�k�¥ª
fym]f�jtw§v}��zx�`nBitwxj � l9wx��|]n`w§ms��¤Dfyjtjtf>i�nVmåj � f
� hVik|sf>i�g]iknV¤szxfyl¦�y� e
wx�Zwx|]f±j � fÏg]itnB¤szxfyl¦��wxmBjkn²j � fÏ�#�
�kn`zx�`fy|J/Zrsw§v�¨Bz��$¤V�$zxnZvyh#zD�kfyhVikv � hVm]|¦j � f-�M�½ikf;/Zrsw§itw§ms��j � f
l$nV�kj�jtw§l�fV�cä-m�j � f)fyhV�twxfyi�g]iknV¤szxfyl¦�y�#j � f)©Hfy�{�t�¦ª
fymsfyjtw§v
��zx�`nBitwxj � l i{r]m]�)nBm�hW�`fyi{h#�Vf-�/. ��o@hV�tjkfyiy�cÉ�m�v1nBmBjki{h`�kj��so<nBi
j � f � h`i{|sf>i0�M�}g]iknV¤szxfyl¦�)j � f½©Hf>�k�k��ª
f>msf�jkwxv���zx�`nVikwxj � l
i{r]m]�7�/. �0jtw§l$fy��o@h`�kjtf>i��7´ � r]���>o<nBibj � f2l$nB�tj�|sw�³}vyrszxj7g]iknV¤s�
zxfyl¦��j � f)©Hfy�{�t�¦ª
fymsfyjtw§v)��zx�`nVikwxj � l itf>|]r]v1f>��j � f)jkwxl$f)jkn
�kn`z§rsjtwxnVmU¤B�/h`mUnVi{|sf>iqn`o�l¦h`�Vmswxjkr]|]f`�
��w��Br]ikf2��wxz�z§r]�kjki{h#jkfy��h�l¦h#jkv � wxms��g]iknV¤]z�f>lâwxmB�Vn`zx�Bw§ms��|]h#j{h
o@iknVlÑhHitf>h#zGw§l¦h#�Vf`��´ � fyikf/hVitf}�5l$ns|sfyzczxwxmsfU�tfy�Vl$fymBj{�
h`mD|Î�V�V�¥|]h#j{håzxw§msfH�tfy�Vl$fymBj{���q�`fym]fyi{h#jtw§ms�Ï� Û �V�#�ågDnB�k�kw��
¤szxf$gDh#w§ik�0n#oq�kf��Bl�f>mBjk�y�-´ � w§�-g]itnB¤szxfyl w§� � hVik|5¤DnVj � ¤Kf1�
v�hVr]�kf�j � f¥�tf>h`i{v � �{g]hVv1f�w§�Rz§h`ik�`f`��� "10 232 $ l$h`jkv � f>���)hVm]|
¤Kfyv�hVr]�kf�j � f�l$ns|sf�z�w§mVjkfyi{h`v�jk� � wxj � n`j � fyi
¤]rswxzx|sw§ms�B�
hVm]|
iknVh`|'�tj{ikrDv1jkrDitf>�jtnRg]ikns|]r]v1f-o@h`zx�kf�l$h`jkv � f>���
Êbnsvyh#z'�kfyhVikv � ·Km]|D�Îj � f nBgsjtw§l¦h#z'l¦h`jkv � �>�íjkwxl$f>�Îw§m
�y� Û �V�`�Rj{itw§h#z§�y�¬�Bwxf�z§|sw§ms�4� = U �5. �V�]�>�/h`m]|�� = U � Û �V�#�K�´�n¥i{r]mÎ� Û �V�`�Hjkikw§h#z§��j{h`¨#f>��iknVr]� � zx���y� � nVr]i{���®É�mÏv1nVms�
jki{h`�kj��Kj � f�©Hfy�{�k��ª
f>msf�jkwxv½�0z��VnVikw�j � l ·Km]|]�
j � f�nVgsjkwxl¦h#z
l¦h#j{v � wxm �y�5nVrsj�n#o��>�`��j{itw§h#z§���¥´ � f�hW�`fyi{h#�Vf}jtw§l$f/o<nBi
h$jkikwxh`zán#o�j � f�©Hfy�{�k�Uª
fymsfyjtw§v���zx�`nVikwxj � l jkn}v1nVmB�Vfyik�`f�jkn
h»�kn`z§rsjtwxnVm�w§�R�`�»�kfyv�nVm]|D���)h`mD|6� = U �#�D�¾è
fym]v�f`�)j � f
©Hf>�k�k��ª
f>msf�jkwxv½�0z��VnVikw�j � lãikf�zxwxhV¤szx�'�kn`zx�`fy�j � w§�0g]iknV¤szxfyl
w§mUrDm]|sfyi��`�¦l�w§mZrsjtf>���
¼¥f � hW�`f¦h#z§�tn��kn`zx�`fy|ån`j � fyi-z§h`ik�`f¦itf>h#z � nVikzx|5�`fynVl$f�j{itw§v
l¦h#j{v � wxm]��gDitnB¤sz�f>l¦��r]�tw§ms��zxwxmsf)�kf��Bl�f>mBjk��f1àsj{ikhVv1jtf>|�o@iknVl
g � nVjtnV�Vi{h`g � � � w�j � r]g²jknÏ�#�D� �V�`�®l$nZ|]f�z-z�w§msf1��|]h`jkh»zxwxm]f
�kf��Vl$f>mVj)g]h`wxi{�y�
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�DnBi$j � fU�`fynVl$f�j{itw§v'l¦h`jkv � w§ms�ågDitnB¤sz�f>l � f�r]�kfy|¶håvyr]�t�
jtnBl$w�«yfy|®�`f>ik�kwxnVmån#oj � fR©5fy�{�t�»ª
fymsfyjtw§vR��zx�`nBitwxj � lU¯ � f
msn � zxnBnB¨5h`j�hHikf�z§h#jtwx�`fyz��å�`f>msfyikwxv¦�Vfyi{�twxnVm¥n`oj � fR©¥ª-�
h`mD|Hh`g]g]z���wxj
jknUh'�tfyj0n#oc�k�smBj � fyjtw§v�jkfy�kj
g]iknV¤szxfyl¦�y�-´ � f
�KhV�tj©Hf>�k�k�'ª
fym]f�jtw§v���zx�`nBitwxj � l � ��©¥ª-�-� � h`�|sf>�twx�Vm]fy|
jtn v1nVgKf � wxj � j � f¾g]iknV¤]z�f>l n#o�j � f z§h`ik�`f²gKnVg]rsz§h#jkw�nBm
�kw�«yf5r]�kfy|¹¤B��j � få©Hfy�{�k�²ª-� � ª
n`z§|]¤Kfyik�Îfyj'h#zÍ�ã�>�`�`�D¯�½h`ik�VrDgsjkh»�>�`�B�V�Ì�åe-rDitw§ms�5j � fUwxmswxjtw§h#zxwx«yh#jkw�nBmÎg � h`�kf/j � f
��©¥ª-�ÎrD�tf>��� 2itnB¤]h`¤]w�zxwx�kjtw§v�h`z�zx�-pqnBl$g]z�fyjtf�É�mswxjtw§h#zxw�«>h#jkw�nBm¬�N<
´ � f$wxm]w�jkwxh`zGv � itnBl$nV�knVl$f½zxfyms�Vj � w§���tfyj
jkn Ý�� � ��� Ý�� � Ý
� fV� �K� Ý�� w§� Ý ( � �Ì� ´ � fåmZr]l�¤Kfyi'n#o��kjkikw§ms�V�/n#o��kw�«yf Ý��
v � nZnV�kfymRo@itnBl �kjkikwxm]�V�2n#o��twx«�f Ý w§��Ò

� ÝÝ�� � .

´ � fUg]itnB¤]h`¤]w�zxw�j��¥n#o0i{h`mD|snVl$zx�¥�kf�zxfyv�jtw§ms�5h��VfymsfUv1nVl�¤sw��
m]h`jtwxnVm�n#oG�kw�«yf � wxm�h/�tj{itw§ms�}n#o�zxfyms�Vj � Ý�� � wxj � Ý �Vfymsf>�)wx�
�`wx�`f>m'¤B���½hVit�Br]gsj{h � �y�`�B�V��Ò

� Ý ( �Ý�� ( ����� � ÝÝ�� � .

É�mB�`f>itjkwxms��j � w§���{rs�`�Vfy�kj½j � h#j�w§m»�kjkikwxms�B��vyitf>h#jtf>|»h#j�i{h`ms�
|snBl.n#o¦�twx«�f Ý�� �-nVmsf»�kjkikwxms�¶nVmíhW�`f>ikh`�`f � wxzxz � hW�`f¥j � f
|sf>�tw§itf>| �Vfymsf±v�nVl�¤swxmDh#jtwxnVm¾n#o}�kw�«yf � ��´bn�w§m]v1z§r]|sf±h`z�z
h#zxzxf�zxfy��v1nBl�¤sw§m]h`jtwxnVm]��ª
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