
Diss. ETH No. 15897

Michael Hoffmann

On the Existence

of Paths and Cycles

2005



���



���������	��
� �������������������� � !�

On the Existence

of Paths and Cycles

" # �%$&$('*),+.-/+ � ��0 $(1�2�3 �4+,+&' # + � +&5�'
�!6 �7$,$98�' # ':);-=< �>0 $(+ �?+;1�+&' �A@B
 'DC.5 0�� < ��E�FHGJI1�) �%C.5
@K� )L+&5�' # ' E )&'D' �A@B�M� CN+ � ) �A@B
 'OC;5 0 �%CD-=< � C �%' 0 C:'D$

P )&'D$(' 0 +;' # 2 F
Q �%C.5�-R':< �S��T 3U- 0�0
� � P < �JQ -/+&5 �4� 8V)&' �%'XW 0 �?Y!':);$ �4+ I-/+[Z\'*)&<�� 0��^] '*)&3U- 0_F
2 � ) 0`Q - FbaV�c�:�!�� � 0 Z�':)&<�� 0��d] ':)&3U- 0�F
C �?+ �4eD' 0H�A@�] ':)&3U- 0�F

-�C:C:' P +&' # ��0 +&5�'f)&'OC � 3g3g' 0 # -=+ � �A0h�A@
i ) �A@��\� 3 �kj 'D<4eD< ����
� GJI1�) �%C.5 � '*l�-=3 � 0 '*)
i ) �A@��\� ) �4m � 'D3g- � 0 ' ��Qh�n
o��p -R3q2�) � # E ' � C ��r ':ls-R3 � 0 ':)



�4Y



Y

Abstract


 5 �%$ +&5�'O$ �7$ � 0 Y!'D$ + � E -/+&'O$ � 1�'O$ + � �A0 $ )&'D<%-=+&' # + � +&5�' '*l �%$(+&' 0 C:' �A@ C:'*),+.- � 0
P -/+&5�$f- 0 # C F C*<%'D$ � 0 E );- P 5�$ �X� +;$[3U-�� � ) P -/),+ �7$fC*' 0 +&':)&' # -=) � 1 0 # +&5�' @K� < r
< �/6 � 0�E � 1�'O$ + � ��0�� ] �4Y!' 0 - $,'*+ �A@

n
<�� 0 ' $(' E 3 ' 0 +.$ � 0 +;5�' P <7- 0 ' � CD- 0 ��0 '

C ��0�0 'DC*+ -=<%<�$(' E 3g' 0 +B' 0 # P � � 0 +;$ 2 F -[C*< � $,' # P -/+&5k+&5�-/+ # � 'O$ 0�� + C*) � $,$ �?+;$,':< @
0�� )o- 0_F �A@ +&5�' $(' E 3g' 0 +;$�� �n0 � +;5�'*) 6 � ) # $ � 1 0 # '*) 6 5 �7C.5 C ��0 # �4+ � ��0 $fC:- 0
��0 '	� 0 # -U$ �%3 P <%' P � < FVE���0

P
6 5 � $(' Y!':),+ �7C*'O$M-=)&'q+&5�'q$(' E 3 ' 0 +�' 0 # P � � 0 +.$

- 0 # $(1�C.5 +&5�-=+
P
# � 'D$ 0�� + C*) � $,$ - 0�F $(' E 3g' 0 +
��� 
 5�' $,' E 3g' 0 +;$ 3U- F - P�P 'D-/)

-�$S' # E 'O$ �A@
P
��

� 1�C.5 P � < FsE���0 $9-=)&' m 0��/60 -�$	���������������������! "�#�%$�&'����( - 0 # +&5�' 3 � + � r
YA-/+ � ��0 + � $ +;1 # F +;5�':3 �%$L+ 6 �A@ � < # �

) 
 );-DY!'*).$,-=<7$ �A@ < � 0 ' $(' E 3g' 0 +;$h-/)&' - 0 -=+&1�);-R< E ' 0 '*);-R< �%eD-=+ � ��0 �A@ +&5�'
� 1�C*<�� # 'D- 0 
 );-DY!'D< � 0�E`� -=<%'D$,3g- 0 i ) � 2�<%':3 �+*-,�.0/ M@ � ) P � � 0 +;$ � 0 +&5�'
P <7- 0 ' �

) � +;-=+&':3g' 0 +;$ -/2 � 1�+ +&5�' ':l �7$ +&' 0 C*' ��@ P -=+&5�$ � ) C F C*<%'D$c+&5�) � 1 E 5 <�� 0 ' $(' E�r
3g' 0 +;$ -/);'M$ +,);1�CN+&1�);-=<	)&'D$,1�<?+.$ -/2 � 1�+ +&5�'M$ ��r CD-=<%<4' # Y �%$ �?2 �%<��?+ F E );- P 5 �A@
+&5�'H$,' E 3g' 0 +;$ �21 �7$ �42 �%< �4+ F E ).- P 5�$g-=)&' �43 P � ),+;- 0 + E ' � 3g'*+,) �7Ch$ +,)&1	C r
+&1�);'D$�+&5�-=+o- P�P 'D-=) @ )&' � 1�' 0 +&< F � 0 - P�P < �7C:-=+ � �A0 $ � @ � )[':ls-R3 P <4' � 0 )&' 0sr
# ':) � 0�E - 0 # � 0 +&5�' C �A0 +&':l�+ �A@ $(5 � ),+&'O$ + P -/+;5 � 1�':) �%'D$ �

" $M- 3U- � 0 )&'D$(1�<?+ 6 'q$(5 �=6 +&5�-=+[- � -R3 �4<4+ ��0 �7- 0 P � < FVE���0 ':l �7$ +;$ @ � )�':Y!'*) F
� 0 �?+;'o$('*+ �A@ # �7$3� � � 0 +<�� 0 ' $(' E 3g' 0 +;$�+;5�-/+9-=)&' 0�� +9-=<%< C � <4<�� 0 'D-=) �


 5�' ':l �7$ +&' 0 C*' �A@ - � -=3 �4<4+ ��0 �7- 0 P � < FVE���0 �7$ � 0 +&'*);'D$ + � 0�E -�$ -[$ +,);1�CN+&1�);-=<
);'D$(1�<4+U+&5�-=+ C:- 0 2^' 1�$(' # + � - 0 -=< F eD' P ) � P ':),+ �%'D$ �A@o� +&5�'*) C � 3 2 � 0 -/+ � ) �7-=<
$(+,)&1�C*+&1�)&'O$ � 8 � )X'*l�-=3 P <%' ��6 ' CD- 0 1�$(' �?+o+ � � 2�+.- � 0 -R$ F 3 P + � + �7C:-R<4< F + � E 5�+
2 � 1 0 # $ ��0 +;5�'b$ �4eD' ��@ $ ��r C:-R<4<%' # �4���65879�:�;���<�=&> "�;��?@( � � 0 '*Y!':) F $('*+ �A@

n# �%$3� � � 0 + <�� 0 ' $(' E 3 ' 0 +.$d+&5�':)&'\-/)&'
Ω(

< ��E
n)

$(' E 3g' 0 +;$^+&5	-/+cCD- 0 2d'�C �A0�0 'DC*+&' #
+ �U@ � )&3 - $ �43 P <%' P -/+;5 ��0 +&5�' �?)f' 0 # P � � 0 +;$A� +&5�' P -=+&5 P -R$,$,'D$�+&5�) � 1 E 5 -=<%<
+;5�'D$('�$(' E 3g' 0 +;$ @ ) � 3 ��0 'J' 0 # P � � 0 + + � +&5�' � +;5�'*) d6 5 �%C.5 # � 'D$ 0�� + � 0 +&'*).$('DC*+
- 0_F �A@ +;5�'f)&'D3g- � 0 � 0�E $(' E 3g' 0 +;$ �

8s1�),+&5�'*)&3 � )&' ��6 ' C �A0 $ � # '*)f- � 1�'O$ + � �A0 +&5�-=+M5�-�$M-=) �%$,' 0 � 0 +&5�' C ��0 +&'*lV+
�A@ $,'*),Y �%C:' # ' P < �/F 3g' 0 + � 0 C � 3 3k1 0 �7C:-/+ � ��0 0 ':+ 6�� ),ms$ � � 0 # � 0�ECB ?=��7ED=�F50(8(
 "�;��?@( � 0 E );- P 5	$ � " C;5 � ) # <4'O$,$ P -=+&5 �%$U- P -/+&5 @K� ) 6 5 �7C.5 0�� + 6 � 0���0sr
C ��0 $('DC:1�+ �4Y!'BY!':),+ �7C*'O$ -/);'\C ��0�0 'DC*+&' # 2 F - 0 ' # E ' � 0 +&5�' E );- P 5 � 
 5�' P ) � 2�<%':3
G /IHKJ �7$ + � # 'OC � # ' @K� ) +&5�)&':' E �4Y!' 0 Y!'*)&+ �%C:'D$

u, v, w
�A@ - E );- P 5 6 5�':+&5�'*)

+;5�' F C:- 0 2d' C ��0�0 'OCN+&' # 2 F - C.5 � ) # <%'D$,$ P -/+&5 @ ) � 3
u
Y �7-

v
+ �

w
+&5�-/+

C ��0 $ �7$ +;$ �A@ -/+3 � $ +
k
Y!'*),+ �7C*'O$ �



Y �

� '*);' � 1�))&'O$(1�<4+ �7$ 0 ' E -=+ �4Y!' �\j ' $(5 �/6 +;5�-/+ G /IHKJ �7$
W[1]

r 5	-/) # � +&5�-/+
�7$ � �?+ �7$�1 0 < �4m!':< F +&5	-/+c+&5�' P ) � 2�<%':3 CD- 0 2d' $ � <?Y!' # � 0 + �43g' P � < Fs0�� 3 �%-R< � 0 +&5�'
$ �4eD' �A@ +&5�' � 0 P 1�+ E );- P 5 � '*Y!' 0 � @ - 0 -/)&2 �?+&);-/) F!��@ � )o'*l�-=3 P <%' � ':l P ��0 ' 0 + �7-=<
# ' P ' 0 # ' 0 C:' ��0

k
�7$ P '*)&3 �4+,+&' # � 
 5�' )&' # 1�CN+ � ��0 '*lV+&' 0 # $�+ � - 0 1�3 2^':) ��@

);':<7-/+&' # P ) � 2�<%':3U$ @ � ) # �4)&'DC*+&' # E );- P 5�$ � �>0 P -/),+ �7C*1�<%-=) � # 'OC � # � 0�E ��0 +&5�'
':l �7$ +&' 0 C*' �A@ - C.5 � ) # <%'D$,$

(u, w)
r P -/+;5 �A0 -=+3 � $(+

k
Y!':),+ �7C*'D$ � 0 - # �?);'DCN+;' #

E );- P 5 �7$
W[1]

r C � 3 P <%'*+&' 6 �4+&5b)&'O$ P 'DCN+S+ �
k
�



Y � �

Zusammenfassung
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1.1. Traversals of Line Segments in the Plane
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Alternating Polygons.
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Hamiltonian Polygons.
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1.1. Traversals of Line Segments in the Plane
�

������� �#�1$%&%�����$ � � � ���	����&%��2
�� � �$%��� � �*) ��� $%
)�!��1��)�
$ ��$ � � �

Figure 3: � ���A587058��� B � �K(E( 59( � �� �#� $�&@��� ( � 7E�	�'5079(
�3�=& �!(�59� � � � �3� 5�( 5+&��
� 50����(�

Circumscribing Polygons.
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Segment Endpoint Visibility Graphs.
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1.1. Traversals of Line Segments in the Plane
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Hamiltonian Triangulations.
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Chapter 2

Basics and Notation
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3.6.1 Wedge Control
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Chapter 4

Alternating Paths
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Chapter 5. Chordless Paths

5.3 Chordless Cycles
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