
COT5520/CIS4930: COMPUTATIONAL GEOMETRYHomework # 4Due date: De
 3, 2008, Thursday (beginning of the 
lass)Your solutions should be 
on
ise, but 
omplete, and typed (or handwritten 
learly). Feel freeto 
onsult textbooks, journal and 
onferen
e papers and also ea
h other, but write the solutionsyourself and 
ite your sour
es. Answer only four of the following six questions. Ea
h problemis worth 25 pts.1. Let P be a �nite set of points in the plane and H the dual set of lines. Translate the followingstatements about P to statements about H.(i) No three points of P lie on a 
ommon line.(ii) The point p 2 P is a vertex of the 
onvex hull.(iii) P has a subset of k points in 
onvex position.(iv) P is 
ontained in a strip bounded by two parallel lines at unit distan
e from ea
h other.2. A k-
oloring of a line arrangement is a map � from the set of fa
es to f1; 2; : : : ; kg su
h that�(f) 6= �(g) if f 6= g share a 
ommon edge.

Figure 1: A 4-
oloring of an arrangement of 5 lines.(i) What is the smallest k su
h that every line arrangement has a k-
oloring?(ii) Whi
h line arrangements are 2-
olorable?(iii) Draw a 2-
olorable line arrangement for whi
h the ratio of the number of fa
es of one
olor over the number of fa
es of the other 
olor is as large as you 
an manage. Whatratio do you get?3. Let H be a set of n lines in general position. Consider the graph whose nodes are the verti
esand whose ar
s are the bounded edges in the arrangement A(H). Des
ribe an algorithm thattakes time O(n2) and spa
e O(n) to 
ompute the x-monotone path with the largest numberof ar
s.



4. Given n points in R2 , de�ne the optimal Eu
lidean Steiner tree to be a minimum length tree
ontaining all n points and any other subset of points from R2 . (General Steiner tree problemhas long history and has been studied by well-known mathemati
ians in
luding Fermat andGauss.) Prove that ea
h of the additional points in an Eu
lidean Steiner tree must havedegree three, with all three angles being 120Æ.5. Let G be a 
omplete undire
ted graph in whi
h all edge lengths are either 1 or 2. Give a 4/3fa
tor approximation algorithm for TSP in this spe
ial 
lass of graphs.6. Consider variants on the metri
 TSP problem in whi
h the obje
t is to �nd a simple path 
on-taining all the verti
es of the graph. Three di�erent problems arise, depending on the number(0, 1, or 2) of endpoints of the path that are spe
i�ed. Obtain the following approximationalgorithms:(a) If zero or one endpoints are spe
i�ed, obtain a 3/2 fa
tor approximation algorithm.(b) If both endpoints are spe
i�ed, obtain a 5/3 fa
tor approximation algorithm.


