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f m f T W�w m uhW(_ mo� f T Wîv�~ k v�bh~�fE�E~�f T ° & v m � mtk _­a7_ ��m ��� m ��_ ��2 W�v�ghv���~�v�a7����gea7_º_i~��3w v m � mtk X f m f T WFX)(+*
~�w�_`f`a3w�v�W m7� f T Wev�~ k v"bh~�f � g0f`aD�3~�wh�
~�wtf m a7v"v m b�wtf�f T W�v m stg0f m � T ~�v T W"a3v T ~�wtfiW k }Ha7� � W"� m wh�3_îf mB�
SET W�~�wtfiW k }Hao��_Ea7_º_`~��twhW"u�f m v m � mtk X�v"a7w � W"� m wh�If m a�v m s3g uh~  ¯W k W"wtf �ûk`m X v m stg X^a7_­~�w � ~��3b k Wîq �
� m f`W�f T aofE° & ~�_�a7��_ m f T Wî�E~�uhf T^m7� f T ~�_�~�wtfiW k }Ha7�5_`b �h�-� a3X%~���g �
#2� �6W%v m w�_`~�uhW k f T W�_ºb � � k a7s T $ mo�;� v m X�s m _`W"u m7� f T W�~�wtf`W k }±a7��_ mo� f T W�v�~ k v"bh~�f"½¯�lW m3� fºao~�w

f T W ��m ��� m �E~�wh��s k`m s�W k fFg¯®

ö����5ö ç



� ¤¦¨�������©o¨��i©H¨��
	­¨`©¢ª�¬ ��� � � ¨«¤¦¥d§^©o¥�
��Ó¥B¨ � ���×¤¦¥d§ )

��� ¶d» � ¶ ��� E + $ A ,�N °'&�. � ¨�¡º©D�º¬0 ����×£-¤ ª���¡[² � .�° &��
� � »5»	� � SET Wîv m � m3k ~�wh�%uhW(_`v k ~ � W"u�a �Bm }3Wr~�X�sh��~�W(_lf T aof E + $ A ,�C�° & � >t~�w�v�W1° & ~�_Eao��_ m f T W1�E~�uhf T
m7� $�½�° & C E + $ V�
 , � �
# w � ~��3b k WKqB½��6W%v"a7w0_`W�W%a�X�W�W"fi~�wh��� k a3s T v m X�s m _`W"u m7� a�v�~ k v�bh~�f m7� �lW"~�� T f % ��SET aofr~�_r�lW

v"a7w0v m � m3k ~�f��E~�f T %�v m � mtk _"½�� T W"w0~�f�~�_1u�b�s���~�v�a7fiW"u?%IX�f`~�X�W(_r�E~�f T X � � ��
 �îSET ~�_ � �3b k W�_ Thm ��_
a7��_ m f T W�v m � m3k ~�wh� ��m3k X NxYîa7w�uYX N % �

�� ��
���� ����

b

c
d

1 2 3 40

a

b

a c

d

2 1

2
3

a1

1b

1c
1d

a2
b2

c2 d2
��

�� ���� ����
 � !"# $% &' ()

*+,�,- .�./ 0�01
2�23 45

6�67

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

a

b

c
d

a

b

c
d

3

3

3
3

4

4

4
4

a1

1b

1c
1d

a2

c2 d2
b2

8�89:�:; <= >?
@�@A B�BC D�DE FG

0 1 2 3 4 5 6 7 8

color 1

color 2

color 1

color 2

� ~��3b k WIq�®Kprw ~�wtf`W k }±a7� � a7X�~���g�a7w�u�~�f`_KX�W"W�fi~�wh�
� k a3s TV��SET Wev m � m3k W"u:~�wtf`W k }±a7� � a7X�~���g�b�w k`m ����W(u
fF� m a7w�u ��m b k fi~�X%W(_ �

� m �î½3��W�f­b�_6a7_º_`b�X�W�f T aof6f T WrX�W�W"fi~�wh�%� k a3s T v�a3w � W1uhW(v m X�s m _`W"u�~�wtf m a%_iW"f m7�IH v�~ k v"bh~�fº_ m7�
k W"_ºs�W"v�f`~�}3WK�6W�~�� T f`_�° E (i°KJ6( ��� � (i°KL �NM g0v m � mtk ~�wh��f T W�~�wtf`W k }±a7��_�v mtk`k W"_ºs m w�uh~�wh� f m f T WIv�~ k v�bh~�f`_1a7_
s k W"}t~ m bB_i��gIW�c�sh��ao~�whW"u5½h�lW mt� f`a7~�w f T W ��m ��� m �E~�wh� k W(_`bh��f �
��� ¶d» � ¶ �PO 
�¡�£1� �º¡�©T.�©o %¤�� K � .î¤¦¥�£2¡�¨ �H©�� 8)�Þ£�¬�¡F�h¥B¨ � ����¡-

��¤¦¨�������©H¨��i©o¨���§o¨`©«ªh¬ � A ¤98 ��KI���×¤L�¢©���� K
° �U� � � � ¨`©+�2��¡
VÓ¬B¡�¨`¡�² NRQ �TS +-° E (i°UJ6(������ °TV ,)� VÓ¬�¡�¨`¡î° E �W�X� �×°YVO©H¨`¡�£�¬�¡ VÞ¡�¤ §±¬d£ 8 � .�£�¬�¡ ��¤¦¨����h¤¦£L8 � .�£�¬�¡

3¡-� �  [ª � 8�¡-
� �¡¢¡�£-¤¦¥d§%§7¨`©¢ª�¬ ���h¤��×£;�±ª � ¥ �Z�
� � »5»	� � ��k`m X SET W m3k W"X Y7½d�6W(�dw m � f T a7fl~ � �6W�bBw kim ���¯W(a7v T v�~ k v�b�~�f mo� �lW"~�� T fl°K[�a�XKbh��fi~�sh��W m7�
° [ ½hf T W"w �lW1�E~����5w�W�W"u ° [ v m � m3k _ ��mtk f T W"_`W1~�wtf`W k }±a7��_ � > mI� geb�w k`m ����~�wh��a�v m X�X m w XKbh��fi~�sh��W m7� a7���

� � ãH^ ������_



� � ¬d¨«¤98«£*¤¦¥A¡��­¤98�¡�¥��º¡�¤98����*K��	�±©o¤¦¥�
�¡2��©H¤¦£���
�¨��h¥ ��� ©H¨«  � �

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
N Q �TS +û° E ( �����,(i°YVD, � �

����� � � ��� ��� 
��	��	
� ��� � 	
� ��
�	
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¯®
� » � » *&*û�h� · ��� .1£¦¬B¡� I¡¢¡�£*¤¦¥t§%§o¨`©«ªh¬ � . � ¤98F� � ¥�¥A¡-��£2¡-
 �<£�¬�¡�¥ E + �RV ,HN´° �

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® ���

ö����5ö ç



� ¤¦¨�������©o¨��i©H¨��
	­¨`©¢ª�¬ ��� � � ¨«¤¦¥d§^©o¥�
��Ó¥B¨ � ���×¤¦¥d§ �

� ~�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_ �

� � ãH^ ������_



Y@� � ¬d¨«¤98«£*¤¦¥A¡��­¤98�¡�¥��º¡�¤98����*K��	�±©o¤¦¥�
�¡2��©H¤¦£���
�¨��h¥ ��� ©H¨«  � �

7

8

9

10

11

12

13

14

15

16

5 10 15 20 25 30C
hr

om
at

ic
 n

um
be

r 
of

 th
e 

ci
rc

ul
ar

-a
rc

 g
ra

ph

Number of copies of the intervals

1

2

3

4

5

1 54320

� ~��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
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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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