
HAL Id: inria-00073353
https://inria.hal.science/inria-00073353

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Circular-arc Graph Coloring and Unrolling
Christine Eisenbeis, Sylvain Lelait, Bruno P Marmol

To cite this version:
Christine Eisenbeis, Sylvain Lelait, Bruno P Marmol. Circular-arc Graph Coloring and Unrolling.
RR-3336, INRIA. 1998. �inria-00073353�

https://inria.hal.science/inria-00073353
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Circular-arc Graph Coloring and Unrolling

Christine Eisenbeis , Sylvain Lelait , Bruno Marmol

N ˚ 3336

Janvier 1998

THÈME 1





���������
	�������������������
������	����������������! ��
����	�	��"���

#%$�&('*)"+('-,�.0/1'2)".3,546.7'2)(8:9<;�=5>-?A@B'*,DCE.3>F@B'*+HGI9�JK&(L�,�MONP@�&"QOM�>FR

SETVUW"X�W�Y[Z�\^]W"_`W"a3bdceW�f�_`gh_if UW"X�W(_
jlk`mon W"f6prq

\[a7sBs mtk fEuhW k W"v T W k v T Wxw�y7q3q7q7z:Z|{3a3w3}d~�W k Y"�3�7��Z�Y"z�s�a7�7W"_

�����"���H���7�7� SET W k W��7~�_`fiW k sBW k ~ m uh~�v�a7��� m v�a7fi~ m wes k`m3� ��W(X�~�_6}d~�W"�lW(u�a3_lb�w kim ����~�w���a3w�u�v m � m3k ~�wh�%f T W
bBw�uhW k ��gt~�wh��_if k b�v�f`b k W mo� v�~ k v�bh��a ki� a k v�� k a7s TV��SET W
s k`m3� ��W(X�~�_�f m:� w�u k W"��a7fi~ m w�_ � W�fF�6W�W"w�f T W
bBw kim ����~�wh��uhW�� k W"W�a7w�u�f T W[v T�k`m X�a7fi~�vEwtbBX � W k"����m3k f T ~�_ls�b k s m _`WE�lWruh~�_`fi~�wh�tbh~�_ T v�ghv���~�v�v m � mtk ~�wh�t_
f T aof<v"a7w � W ��m b�wBu � g�X�W"a7wB_ mo� f T WK �¡¢¡�£-¤¦¥d§�§7¨`©«ªh¬1a3w�uIw m w � v�gdv���~�v m whW(_ ��m3k � T ~�v T �6W�s k`m }7Wf T W
a3_ighX�shf m fi~�v�s kim sBW k fFg¯®���W"fl° � W1f T W��E~�uhf Temo� f T W m3k ~��7~�w�ao�A~�wtf`W k }±a7� � a7X�~���g ��SET W(w�f T W�² � b�w k`m ����W(u
� k a3s T ~�_E° m3k °�³´Y � v m � m3k a � ��W ��mtk ²
��a k �3WrW(w m bh� TV�
µ�¶t·¯¸º¹K» �H¼��7� k W��3~�_`fiW k ao��� m v"aof`~ m wV½B� mdm s
b�w k`m ����~�wh��½Av�ghv���~�v�v m � m3k ~�w��B½�a3v�ghv���~�v�v m � mtk ~�wh�B½Av�~ k v"bh��a ki�
a k vr� k a7s T

¾¦¿�ÀÁ`Â*Ã(Ä ÀÁrÅ�Æ�Â2Ç2È�É

ÊVË±ÌÎÍdÏVÐ«Ñ*ÒÓÏ5Ô¢Í�ÕHÔ¢Ñ-Ö-Ì×Ô¢ØÎØ Ù�Í*Ú(Õ±ÕoÐ«Ñ-Ö-ÛiÜÞÝ�ÙÞÔ�ßtÌÎÍ-Ûáà¦â1ÛiÌ Ö-ã±ÛáÑBä�Ö-ÌÎÕoÛiã(Ü±ÌÎÚ±å0æ�Ñ-Ð«å�Ö*Ë±ÛVçÓÚ±Í-Ö-Ñ*Ì×Ô¢ãlä"èáÌÎÛáã±èáÛ5é±Ú±ã±Üê¦é±Ð«ã±Ü±Í
ë Ú(ÑÓéVìÐ«Ñ-Ü±ÛáÑ*Ú±ã±í6Ü±ÛáÑ�Ï�ÌÎÍ*Í-Ûáã±Í*è2Ë±Ôºæ�Ö-ØÎÌÎè2Ë±Ûáãîé±Ð«Ñ-Í*è2Ë�Ú±ã±í�ï2ð
ñ6ò Ë(Ñ*ÌÎÍ-Ö-ÌÎã±Û«ð ó�ÌÎÍ-Ûáã"ÝoÛáÌÎÍFô�ÌÎã±Ñ-Ì×Ô(ð æ�Ñõ<ö ã(Í-Ö-Ì Ö*Ú(ÖÓæFìÚ(Ñ ò Ð«åEÕ±Ú(Ö-ÛáÑ*Í-Õ±Ñ2Ô¢è2Ë(Ûiã3÷7ÊdÛiè*Ë±ã±ÌÎÍ*è*Ë±Ûø�ã±Ì ù�ÛáÑ*Í*Ì Ö`ìÔºÖ�ú^ÌÎÛáãt÷oçÓÑ*í«Ûáã�Ö-ÌÎã±ÌÎÛáÑ*ÍûÖ*Ñ*Ô¢ü«ÛÞý(÷HçÓà2þiÿ���ÿ6ú ÌÎÛáãt÷oç�Ú(Í-à

Ö*Ñ-Ì×Ô(ðAó�à¦å�Ô¢ÌÎØ��BÍ-Ù"Ø ù«Ô¢ÌÎãHô�èiÐ«åEÕ(Ø×Ô¢ã±í±ð Ö*Ú�Ï�ÌÎÛáãtð Ô¢è«ð ÔºÖ
� ö����5ö ç � Ë
	Ð«ã±ÛFà¦çÓØÎÕoÛiÍi÷����%ç�ù�Ûiã�Ú±ÛîÜ±Û�Ø�� ó�Ú±Ñ-Ð«Õ7Û«÷�� ö�� ä"Ê�÷¯édà��«ý����«ÿ�â1Ð«ã�Ö*ÝoÐ«ã±ã±Ð¢Ö1ä(Ô¢ÌÎã�Ö[âîÔ¢Ñ-Ö-ÌÎãt÷5é±Ñ*Ô¢ã±èáÛ�ð

óBà¦å�Ô¢ÌÎØ����¯Ñ-Ú±ã±Ð±ð âîÔ¢Ñ*åEÐ«Ø ô�ÌÎã(Ñ*Ì×Ô(ð æ�Ñ
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��m ~�_W(_if�v m � m3k ~�a � ��W�a±}3W"vr° m b^°�³´Yîv m bh��W"b k _s m b k ²0a3_`_`W!(�� k a7w�u �
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m }3W k ��a3s�sh~�wh�I~�w3f`W k }Hao��_ra k W�a7_º_i~��3whW(u
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bBw kim ����~�wh� f T WI� k a7s T ®RUt²�( E + �BA ,(N ° �W# wJ>tW(v�fi~ m w�q^�lW�v T a k a3v�fiW k ~�(�W%f T Weu�W�� k W�W(_�² ��mtk � T ~�v T
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mo� f T WKv�~ k v���W7½�_ºa±g�°'& �5��2 WKao��_ m v�ao����°'&Of T W%�lW"~�� T f mo� f T W%v�~ k v"bh~�f ��#2�
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f T W��lW"~�� T fº_ m7� f T W1v�~ k v�bh~�f`_ mo� f T W�� k a7s T ½t�6Wra k W[_ºb k W[f m v m � mtk �E~�f T °Kv m � mtk _ �ÓSET W���W"a7_`fÞ~�wtfiW"�7W k
� T ~�v T ao��� m ��_f T ~�_Ev m � m3k ~�wh�%~�_E²
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SET W^W�ch~�_`fiW(w�v�W mo� a uhW"v m X�s m _i~�fi~ m w ~�_�~�w�uBb�v�W(u � g�_ºs�W"v�~ � v�s k`m s�W k fi~�W"_ m7� f T W0X%W"W�f`~�wh� � k a3s T
f T aof�a k WeW�chs���a7~�whW(u ~�w � ��� �J' w�W�~�w3f`W k W"_`fi~�wh�:s kim sBW k fFg ~�_Kf T aof�W"a3v T v m w�whW"v�fiW(u�v m X�s m whW"wtf m7�
f T W
X�W�W�f`~�w���� k a7s T v m wtfºao~�w�_�aofI��W"a7_`f m whW P a3X�~���f m wh~�a3w v�~ k v�b�~�f � SET ~�_I~�X�sh��~�W(_�f T W ��m ��� m �E~�w��
v m3k`m ����a k g¯®
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SET ~�_ T a3s�s�W"w�_1f m �3~�}3WIa^v m wt}7W(wh~�W"wtf�bBs�sBW k���m b�w�u ��mtk f T WIb�w k`m ����~�wh�
uhW"� k W�W�� T W"w�� mdm �t~�w��
��mtk � mdm u u�W�� k W�W(_ ��m3k a��7~�}7W(w wdb�X � W kmo� v m � m3k _ �

SET W%s kim sBW k fFg a ��m bhf P a7X�~���f m wh~�a7w�v�~ k v�bh~�f`_ T a7_�a7��_ m aIwh~�v�WKa3s�sh��~�v"aofi~ m w ~�w
v m X�s�b�fiW k a k v T ~ �
f`W"v�f`b k W7®Óf T W k`m fºaofi~�wh� k W"�7~�_if`W kÓ� ��WB+ � ���F,Ó~�_�a k W��7~�_`fiW kÓ� ��Wf T a7f�~�_�}d~ k fºb�ao����gK_ T ~ � f`W"u m whW� m v�aof`~ m w
a T W"a3u
� T W(w:whW"W"uhW(uV½5fFghsh~�v�a7����g
aof1W"a3v T ~�f`W k aof`~ m w mo� a�� mdm s � p[��� m v�a7fi~�wh�
a _`W�f mo� }Ha k ~�a � ��W���~ � W �
f`~�X�W�~�w3f`W k }Hao��_1~�wtf m a k`m f`a7fi~�wh� k W"�7~�_if`W k a7X m b�wtfº_1W�c�a7v�fi��g
f m^� w�uh~�wh�0a P a3X�~���f m wh~�a3w:v�~ k v�b�~�f1~�w
f T W�X�W�W"fi~�wh��� k a7s TV�NP W"w�v�Wîf T W ��m ��� m �E~�w���_`f k aof`W��7g�~�_Eb�_`W"u5®

� ~ � f T WX�W�W"fi~�wh�r� k a3s T ~�_�v m wBwhW"v�fiW"u5½o° k W��7~�_`fiW k _�a k W6_`b��Iv�~�W(wtf ��mtk f T Wao��� m v�a7fi~ m w m wKa�� ��� �
� ~ � ~�f<~�_Þw m fÞv m w�whW(v�fiW(u�°Ó³�Y k W��3~�_`fiW k _�a k W k W��dbh~ k W(uV½ � g�a7u�u�~�wh� m whW k`m b�wBu m7�¯� v�f`~�f`~ m b�_Þb�w�~�f
fi~�X�Wî~�wtfiW k }Ha7��_ �

��m3k W�c�a7X�sh��W7½t�lW[v"a7wIa7��� m v�aof`WEf T Wr~�wtf`W k }±a7� � a7X�~���g m7�¯� ~��3b k W�Y��E~�f T ) kim f`a7fi~�wh� k W"�7~�_if`W k _���~9�oW
f T ~�_�®

� ~�wtf`W k }±a7��Y7® � E ( � J
� ~�wtf`W k }±a7�5q�® � J ( ���
� ~�wtf`W k }±a7�5��® � �
� ~�wtf`W k }±a7� " ® � � ½ ���
� ~�wtf`W k }±a7��Y7Y3® ���
� ~�wtf`W k }±a7� %h® ���
� ~�wtf`W k }±a7�5��® ���
� ~�wtf`W k }±a7��Y,�B® ���
� ~�wtf`W k }±a7��Y&%�® ���
� ~�wtf`W k }±a7� )d® ���
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� ~�wtf`W k }±a7�5z�® � � ½ ���
� ~�wtf`W k }±a7� �B® ���
� ~�wtf`W k }±a7��Y"qB® ���

��� � � � �����%�� ��
	%�� �
# w f T W�a � _iW(w�v�W m7� a kim f`a7fi~�wh� k W"�7~�_if`W k�� ��W7½�°î³ Y�X�a±g � W�f mdm ��a k �3Wea7w b�w k`m ����~�wh�0uhW"� k W�W � > m
f T W���a7fifiW klk W"_ºbh��flX%b�_if � W k W � w�W"u ��SET W m3k W"X Yrs k`m }7W(_<f T aof6f T W k W�ao���6a±gh_<W�ch~�_`f`_l²^_ºb�v T f T aof �BA
~�_î° � v m � m3k a � ��W � # w m3k uhW k f m
� wBu f T W�_ºX�ao����W(_if�s m _º_`~ � ��We²�½Ó�6WIf k g f m uhW(v m X�s m _`WIf T W X%W"W�f`~�wh�
� k a3s T ~�wtf m a7_EX�a3w3g v�~ k v"bh~�fº_Ea7_s m _º_i~ � ��W ��� W"v m X�s m _i~�wh�Ia7X m bBw3fº_6f m�� c^a P a7X�~���f m wh~�a7w^v�~ k v"bh~�f
~�w�W(a7v T v m w�whW(v�fiW(u�v m X�s m w�W"wtf � p }Hao��~�u u�W"v m X�s m _i~�fi~ m w ~�_KuhW"fiW k X�~�whW"u � g�v Thmdm _`~�wh�0a0_`W�f m7�
w m w�~�w3f`W k _iW(v�f`~�wh� v Thm3k u�_E~�w
f T W P a3X�~���f m wh~�a3w
v�~ k v"bh~�f`_ mo� f T W�v m w�whW"v�fiW(u
v m X�s m whW(wtf`_ � >db�v T a3w
T W"b k ~�_`fi~�v�~�_6uhW�}3W�� m s�W"u � b k f T W k ~�w � � � ��� ~��tb k WKYrs k W(_iW(w3fº_la3wIW�c�a3X�s���Wr� T W k Wra%X%W"W�f`~�wh��� k a7s T ~�_
u�W"v m X�s m _iW(u f T a7w5�t_[f m f T ~�_ T W(b k ~�_`fi~�v ��# w�f T ~�_rv�a7_`Wî°�N )h½�a7wBu��lWK_ºb�v"v�W�W(uhW"u�~�w
uhW(v m X�s m _`~�w��
f T W^� k a7s T ~�wtf m f T�k W�W v�~ k v�b�~�fº_ � g�f`aD�t~�wh�4�:v Thmtk u�_"½�� T ~�v T ~�_Kf T W^X�aocd~�XKbBX��6W v"a7w u mB� 2 W
mt� f`a7~�w $ E N >=% (`� ("Y,� (�Y7Y � m7� �6W�~�� T f� + $ E , N Y7½ $ JBN >tY6(`z (U� (�Y"q�� m7� �lW"~�� T f�F+ $ J ,;NPqB½�a7wBu
$ � N�>�)9(`q (º� ( " (�Y=%)� mo� �lW"~�� T f� + $ � ,HN q � > m �lW1XKb�_`fb�w k`m ��� Q �TS +`Y6(ºq (`q ,$N´q%fi~�X%W(_6f m�m3� fºao~�w
a3w�~�wtfiW k }Hao� � a3X�~���g v m � m3k a � ��Wr�E~�f T )%v m � mtk _ ��SET W�v m � mtk ~�wh��~�_E_ Thm ��w ~�w � ~��tb k W7% �N2 W T a±}3W7®

� v m � mtk Y7®Y E (`z J (U� �6(�Y(q �
� v m � mtk %h®YUJ6(`z � (U� E (�Y(q E
� v m � mtk q�®Y �6(`z E (U� J6(�Y(q J
� v m � mtk �B®�% E (`� E (�Y,� E ("Y7Y E ( % J (`� J (�Y@� J ("Y7Y J ( % � (`� � (�Y@� � ("Y7Y �
� v m � mtkT" ®<) E (`q E (`� J ( " J (�Y=% �
� v m � mtk z�®<) J6(`q J (`� �6( " � (�Y=% E
� v m � mtk )d®<) �6(`q � (`� E ( " E (�Y=% J
# w v"a7_`Wew m ~�wtfiW k }Hao� m }7W k ��a7s�_1~�f`_`W�� � ½�f T ~�_ T W"b k ~�_if`~�v T a7s�s�W"w�_%ao��_ m f m � W b�_`W � b�� ��m3k uh~ k W(v�fi��g

v m � m3k ~�w��Ef T W m3k ~��3~�wBao� � a3X�~���g mo� ~�wtfiW k }Hao��_�½Ha3w�uî�7~�}7W(_Óa3wî~�X�s kim }3W"X�W"wtf m7� f T Wb�s�s�W k���m b�w�u ��m3k f T W
v TBkim X�a7fi~�v�wdb�X � W krmo� v�~ k v�b���a ká� a k v1� k a7s T _��7~�}7W(w � g S b�v��7W k � Y��I� �1SET ~�_rw�W��xb�s�s�W k1��m b�wBu � Y7Y��
~�_6W��db�a7�Af m %o° �ZH � T W k W H ~�_6f T Wîwdb�X � W klm7� v�~ k v�bh~�f`_6� T ~�v T u�W"v m X�s m _iW�f T W�� k a7s TV�<'[� v m b k _`W7½
f T W�X m3k W1f T Wî� k a3s T ~�_EuhW"v m X�s m _`W"uV½�f T W � W�fif`W k f T W �Bm b�w�u �

����� � � ���	��%���� ��� ���	!	
� ��	 	 �
� ghv���~�v0v m � mtk ~�wh�t_Ia k W0a k W(_if k ~�v�f`W"u´v���a3_`_ m7� v m � m3k ~�wh�3_ m7� bBw kim ����W"u´v�~ k v�b���a ká� a k v^� k a7s T _ � p[_�a
X�a7fifiW k[m7�<� a7v�f�½5_`~�wBv�W�f T W�b�w k`m ����~�wh�^uhW�� k W"WK² ��m3k v m � m3k ~�wh� m w � v m � mtk _rXKb�_`f�_ºaof`~�_ � g � A N �)"B½
f T ~�_r~�X�sh��~�W(_rf T aof1f T W�u�W�� k W�W ��m b�wBu XKbB_if � W�f T W mtk u�W krmo� _ m X�W�s�W k XKb�f`aof`~ m w m w ��W���W"X�W"wtfº_ �
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� ~��3b k W(�B® # wtfiW k }Hao� � a7X�~���g a7w�u^v T�k`m X�aof`~�v�wdb�X � W k }Ha k ~�aofi~ m w mo� f T Wî~�w�u�b�v�W"u^v�~ k v"bh��a ká� a k vE� k a3s T

P W"w�v�WIf T Wes k ~�X�W � a3v�f m3k _ mo� ² X%b�_`f � WI��W"_º_1f T a3w � � pr_îa
v m b�wtfiW k s�a k f"½Vf T ~�_î�7~�}7W(_1a7w b�s�s�W k
��m bBw�u m w%f T W�X�~�wh~�X%b�X�uhW�� k W"W6whW(v�W(_`_ºa k g ��m3k a3v T ~�W"}d~�wh�îa3w � � v m � m3k ~�wh� �5��m3k ~�w�_`f`a7wBv�W7½3~ � � N ��½
�6W7�dw m � f T aof�lWîv"a7w � w�u^²���W(_`_f T a7w:Y " ½hf T a7f6~�_f T W�X�aoch~�X�ao�5u�W�� k W�W mo� a�sBW k X%bhf`a7fi~ m w m w �
W"��W(X�W"wtf`_ �#2 W�a k WKw m f�a±�6a k W m7� ae�3W"whW k a7� ��mtk X%bh��a ��m3k v m X�s�b�fi~�wh��f T W�X�aocd~�X�ao��uhW�� k W"W�� +û°I,
m7� a s�W k XKbhfºaofi~ m w m w�°�W���W"X�W"wtfº_ � SET W k We~�_"½ Thm �6W�}3W k ½�f T W ��m ��� m �E~�wh�:a7_`gdX�shf m f`~�vIW(_if`~�X�a7fi~ m wV®
� + � ,HN "�� E���� � E��	��
 �� ��� � Y,��� �

� � � ����	"��� ���������
	����������� �%�����
� �E��	��%���"���

SET W k Wa k WuhW"� k W�W"_ ��mtk � T ~�v T a7w%° � v m � m3k ~�w��rW�cd~�_`f`_ � bhf<a1v�ghv���~�v6° � v m � mtk ~�wh�1u m W"_�w m f �1# w � ~��3b k Wz�½
a q � v m � m3k ~�wh��W�ch~�_`f`_ � bhf�w m v�ghv���~�veq � v m � mtk ~�wh� �^SET ~�_ � a7X�~���g�~�_�b�w k`m ����W(u " fi~�X�W"_"½ � bhf " ~�_%w m f
a�X%bh��f`~�s���W mo� q^w m3k %�½5� T ~�v T a k W�f T W � ��� _ mo� f T W��6W�~�� T f`_ m7� f T W m wh��g
fF� m u�W"v m X�s m _i~�fi~ m w�_
s m _º_`~ � ��W7½�wBa7X�W���g >���(�� �îa3w�u >�� �+(J>���� �
# w f T ~�_E_`W"v�f`~ m we�6W�v m w�_`~�uhW k �7W(whW k ao�¯v m � mtk ~�wh�t_la3w�u k W���aHcIf T W1s kim sBW k fFg m7� v�ghv���~�v�~�fFg�a7_º_`bBX%W(u

~�w^f T W�s k W"}t~ m bB_E_iW(v�fi~ m w � !rW"whW k a7�5v m � mtk ~�wh�3_ T a±}3W7½ Thm �6W�}3W k ½ha%}3W k ge� mdm u^a7_`gdX�shf m f`~�vîs k`m s�W k fFg �
#2� ² ~�_1��a k �3W�W"w m bh� T ½Óf T W(w�f T Wev�~ k v�bh��a ki� a k vK� k a3s T ~�w�u�b�v�W"u � g0f T W�b�w k`m ����W"u � a7X�~���g ~�_�a7���a±gh_
°[³ Y � v m � mtk a � ��W3½�a7_EW�chW"X�sh��~ � W(u�~�w � ~��3b k W7� �6SET W�~�wtfiW k }Hao� � a3X�~���g T a7_�aIX�aHch~�X�ao�5�E~�uhf T W"�db�ao�
f m ��½�a3w�u^� T W"w^�6W�b�w k`m ���5²
fi~�X�W"_"½B�E~�f T ²M\ Y&%�½h�lW�a7���a±gh_l�3W�fEaIv�~ k v�bh��a ki� a k v[� k a7s T � T ~�v T ~�_
� �<m3k � � v m � mtk a � ��W �

SÓm s k`m }7W�f T ~�_�s k`m s�W k fFg7½(�lW ��k _if�v m w�_`~�uhW k f T Wlv"a7_`W mo�hm whWÞ~�wtfiW k }Hao�t_`s�a3w�wh~�wh�E°�v�~ k v�b�X � W k W"wBv�W"_
m7� f T WKv�~ k v���W ��2 ~�f Thm bhf[� m _º_ mo� �3W"whW k a7��~�fFg7½��6WKv"a7w�v m w�_i~�uhW k f T a7f�f T W%v�~ k v���W T a7_ m wh��g m whWKs m ~�w3f
��a � W���W"u � � #2� f T W�� k a3s T ~�_1b�w k`m ����W(u0² fi~�X�W"_"½5f T W(w f T W k W�a k W%²�s m ~�w3fº_ m w:f T W�b�w k`m ����W(u v�~ k v���W7½
��a � W���W"u��If m ² � Y � p���_ m ½ ��m3k a��7~�}7W"w�b�w kim ����~�w��euhW�� k W"W�²�½B�6W�uh~�}d~�uhWK² � g�°d®l²@N���°[³���½B� T W k W
� C����O° ��� ~��tb k W "�T W"��sB_f m ~�����b�_`f k aofiW1f T W�s k`mtm7�á�
��� ¶d» � ¶ �! 
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λ intervals

� ~��3b k W " ® # wtfiW k }Hao��_Es�bhf m w�°[³ Y1��a±g3W k _

� � »5»	� � 2 W ��k _`fÓs kim }3W�f T a7f�~ � f T W6v m wBuh~�f`~ m w�_�a k W<X%W"f�½Hf T W"w �BA ~�_5°h³IY � v m � m3k a � ��W �5SET ~�_Ó~�_Óu m whW
� g � bh~���uh~�w��Kf T Wrv m � mtk ~�wh��W�c�sh��~�v�~�fi��g ��SET Wr~�w�~�f`~�a7�A~�wtfiW k }Hao��~�_���N � � (i° � � p � fiW k bBw kim ����~�wh� T a3_ � W�W(w
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(c) original interval family and the same unrolled 5 times

(a) circular-arc graph (b) meeting graph
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